Economics 101

Summer 2014

Answers to Homework #4

Due Thursday, June 12, 2014
Directions: The homework will be collected in a box before the lecture. Please place your name, TA name and section number on top of the homework (legibly). 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. Please show your work. Good luck!
Please realize that you are essentially creating “your brand” when you submit this homework. Do you want your homework to convey that you are competent, careful, professional? Or, do you want to convey the image that you are careless, sloppy, and less than professional. For the rest of your life you will be creating your brand: please think about what you are saying about yourself when you do any work for someone else!

1. Suppose you are told that the production function for widgets is given by the following equation where Q is the quantity of widgets, K is the number of units of capital used in producing widgets, and L is the number of units of labor used in producing widgets:

Q = 4K1/2L1/2
You are also told that total cost for this firm can be found by using the following equation where TC is total cost, Pk is the price per unit of capital, and Pl is the price per unit of labor:

TC = Pk K + Pl L

a. Using this information, fill out the following table depicting the production function and the cost functions for this firm. Make sure you provide the units of measurement in your answers. If necessary, round your answers to the nearest hundredth.

	L
	K
	Q
	VC
	FC
	TC
	AVC
	AFC
	ATC
	MC

	0
	25
	
	
	
	
	---
	---
	---
	---

	1
	25
	
	
	
	
	
	
	
	

	4
	25
	
	
	
	
	
	$1.25 per unit of output
	
	

	9
	25
	
	
	
	
	
	
	
	

	16
	25
	
	
	
	
	$2.00 per unit of output
	
	
	

	25
	25
	
	
	
	
	
	
	
	


b. Given the above information, which input is the variable input? Explain why this is your answer.

c. Given the above information, what is the price per unit of capital and what is the price per unit of labor? 
d. Does this firm experience diminishing returns to labor? To answer this question you will find it helpful to calculate the values for the marginal product of labor, MPl. Here’s a table to use in calculating these values. Make sure you provide the units of measurement in your answers. If necessary, round your answers to the nearest hundredth.

	L
	K
	Q
	MPl

	0
	25
	
	---

	1
	25
	
	

	4
	25
	
	

	9
	25
	
	

	16
	25
	
	

	25
	25
	
	


Answer:

a. 

	L
	K
	Q
	VC
	FC
	TC
	AVC
	AFC
	ATC
	MC

	0
	25
	0
	$0
	$50
	$50
	---
	---
	---
	---

	1
	25
	20
	$10
	$50
	$60
	$0.50 per unit of output
	$2.50 per unit of output
	$3.00 per unit of output
	$0.50 per unit of output

	4
	25
	40
	$40
	$50
	$90
	$1 per unit of output
	$1.25 per unit of output
	$2.25 per unit of output
	$1.50 per unit of output

	9
	25
	60
	$90
	$50
	$140
	$1.50 per unit of output
	$0.83 per unit of output
	$2.33 per unit of output
	$2.50 per unit of output

	16
	25
	80
	$160
	$50
	$210
	$2.00 per unit of output
	$0.63 per unit of output
	$2.63 per unit of output
	$3.50 per unit of output

	25
	25
	100
	$250
	$50
	$300
	$2.50 per unit of output
	$0.50 per unit of output
	$3.00 per unit of output
	$4.50 per unit of output


b. Labor is the variable input: from the table we can see that the amount of labor varies as the level of output changes while the level of capital is constant and does not change as the level of output changes. 

c. To fill in the table you must figure out the price of labor and the price of capital. 

From the table we know that the average variable cost is equal to $2.00 per unit of output and that this AVC occurs when the firm hires 16 units of labor and produces 80 units of output. Recall that AVC = VC/Q and in this case VC = Pl*L. Using this information we have $2.00 per unit of output = Pl*(16 units of labor)/(80 units of output) or Pl = ($2.00 per unit of output)(80 units of output)/(16 units of labor) = $10 per unit of labor. Review this calculation carefully and note in particular how the units of measurement work out to give you $ per unit of the variable input. 

From the table we know that the average fixed cost is equal to $1.25 per unit of output and that this AFC occurs when the firm hires 25 units of capital and produces 40 units of output. Recall that AFC = FC/Q and in this case FC = Pk*K. Using this information we have $1.25 per unit of output = Pk*(25 units of capital)/(40 units of output) or Pk  = ($1.25 per unit of output)(40 units of output)/(25 units of capital) = $2 per unit of capital. Review this calculation carefully and note in particular how the units of measurement work out to give you $ per unit of the fixed input. 

d. This firm does experience diminishing marginal returns to labor since as the amount of labor hired increases, output increases but at a diminishing rate. We can see this by examining the table below that shows the marginal product of labor. Notice that as we move down the table, the values of the marginal product of labor decrease: each additional unit of labor we hire results in output increasing, but at a decreasing rate. 

	L
	K
	Q*
	MPl

	0
	25
	0
	---

	1
	25
	20
	20/1 = 20 units of output per unit of labor

	4
	25
	40
	20/3 = 6.67 units of output per unit of labor

	9
	25
	60
	20/5 = 4 units of output per unit of labor

	16
	25
	80
	20/7 = 2.86 units of output per unit of labor

	25
	25
	100
	20/9 = 2.22 units of output per unit of labor


* Note that the values of Q were actually calculated in (a). 


2. Consider the perfectly competitive industry for gadgets where there are initially 10 identical firms producing. Each firm has the same MC and TC curves and these curves are given by the following equations where TC is total cost, q is the amount of gadgets produced by a firm, and MC is the marginal cost:

TC for each firm: TC = 4 + 5q + q2 
MC for each firm: MC = 5 + 2q

You also know that the market demand curve is given by the following equation where P is the price per gadget and Q is the total amount of gadgets demanded in the market:

Market Demand for Gadgets: Q = 17 – P

a. Given this information, the first thing you need to do is to determine the short-run equilibrium. But, you cannot do this until you find the market supply curve. This will take some work: you will need to have some conceptual knowledge (the market supply curve is the horizontal summation of the firms’ MC curves) and some creativity (you will need to figure out how to get a second point that lies on the individual firm’s MC curve and then extrapolate from this point to the market supply curve). Find the market supply curve and show the work you did to find this curve.

b. Given the information and the market supply curve you found in (a), compute the short-run equilibrium market quantity (Q), the short-run equilibrium price (P), and the short-run level of production for a representative firm (q). Show your work. 

c. Given your work in (b), determine the level of short-run profits for a representative firm in this industry? Given your calculation will the representative firm produce in the short-run? Explain your answer. Given your calculation what do you predict will happen in this industry in the long-run? Explain your answer. 

d. Calculate the long-run equilibrium price (P’), long-run equilibrium market quantity (Q’), the long-run equilibrium firm quantity (q’), and the level of profits in the long-run for a representative firm. Show your work. In the long-run how many firms will be in this industry?

Answer:

a. We are given the firm’s MC curve: MC = 5 + 2q. This equation tells us that the firm’s MC curve has a y-intercept of 5. Since the firm’s level of production when MC = 5 is 0 units we can extrapolate that when the y-intercept of the market supply curve is 5, the market quantity produced is 0 units. Now, we need another point on the market supply curve. So, return to your MC curve and pick a quantity (for example, q = 1) and compute the MC for this quantity: thus, if q = 1, MC = 7. If one of the firms has MC of $7 when it produces a quantity of one unit, this implies that if the market price is $7 then there will be a total of 10 units (since there are ten identical producers in this market). So, now you have two points on the market supply curve: (Q, MC) = (0, $5) and (10, $7). Use these two points to find the linear market supply curve: 

P = 5 + (1/5)Q.

b. To find the short-run market equilibrium we need to find where the market demand curve intersects the market supply curve. Thus, 5 + (1/5)Q = 17 – Q or Q = 10. Plug Q = 10 into either the market demand curve or the market supply curve to find the equilibrium short-run market price: P = 17 – 10 = $7 or P = 5 + (1/5)(10) = $7. To find the short-run level of production for the firm, set MR = MC or 7 = 5 + 2q or q = 1. With ten firms, each producing one unit of output that will provide us with the market output of 10 units. 

c. Profits for a representative firm are equal to total revenue (TR) minus total cost (TC). TR = P*q = ($7 per unit of output)(1 unit of output) = $7. TC = 4 + 5(1) + (1)(1) = $10. Short-run profits for a representative firm are equal to -$3. 

To determine whether this firm will produce in the short-run or not we need to see if the TR is at least large enough to cover the variable costs of production. From the TC curve we can see that fixed costs are equal to $4 (if q = 0, then TC = FC). So, variable costs (which vary as the level of output varies-a lesson I hope you saw in problem 1 of this homework) can be written as VC = 5q + q*q and since q =1 that tells us VC for the representative firm equal $6. So, the TR of $7 is greater than the VC of $6, so this firm will choose to produce in the short-run because its revenues are sufficient to cover its variable costs of production. 

Given that short-run economic profits for the representative firm are negative, we can anticipate that some firms will exit the industry in the long-run. This will cause the market supply curve to shift to the left and holding everything else constant result in a higher market equilibrium price, a smaller market equilibrium quantity, and a larger level of production from those firms that remain in the industry. 

d. To find the long-run equilibrium we start by recognizing that in the long-run the representative firm will produce at that level of output where it earns 0 economic profit. This will occur where MR = MC = ATC. We know the MC and we can find the equation for ATC. So, let’s start by equating these two curves: MC = 5 + 2q and ATC = 4/q + 5 + q. Thus, 5 + 2q = 4/q + 5 + q or q = 4/q. We can rearrange this to get q*q = 4 or q = 2 (in this example we don’t need to worry about the possibility that q = -2: a firm cannot produce a negative level of output). When the firm produces 2 units of output, we get MC = 5 + 2(2) = $9. Remember that MC = MR = ATC for the firm in long-run equilibrium: this implies that if MC = $9, then MR = $9. If MR = $9, this implies that the market equilibrium price is also $9. Use this price and the market demand curve to find the market quantity: P = 17 – Q or Q’ = 8 gadgets. With each firm producing 2 gadgets and a total production of 8 gadgets, this implies that there are 4 firms in the industry at the long-run equilibrium. So, six firms exited the industry in the long-run, P’ = $9, Q’ = 8 gadgets, and q’ = 2 gadgets. For the representative firm in the long-run, TR = ($9 per gadget)(2 gadgets) = $18 and TC = 4 + 5(2) + (2)(2) = $18: therefore, long-run profits for the firm are equal to zero.

3. Suppose that there is a monopoly that is described by the following information:

Demand curve for product: P = 11- (1/1000)Q

MC of production for firm: MC = 2 + (1/1000)Q

Total Cost of production for firm: TC = 2Q + (1/2000)Q2 + 1000

a. Determine the profit maximizing quantity and price if this firm acts as a single price monopolist. Show your work.

b. Determine the firm’s total revenue (TR), total cost (TC) and profit if it acts as a single price monopolist. Show your work.

c. Determine the value of consumer surplus (CS), producer surplus (PS), and total surplus (TS) if this firm acts as a single price monopolist. Show your work.

d. Determine the value of deadweight loss if this firm acts as a single price monopolist. Show your work.

Suppose that instead of acting as a single price monopolist, this firm acted as if it was operating in a perfectly competitive industry. Assume the following:

Market demand curve for product: P = 11- (1/1000)Q

Market supply curve for product: P = 2 + (1/000)Q

Total cost of production of good: TC = 2Q + (1/2000)Q2 + 1000

e. If this firm operated as if it was a perfectly competitive market, what would be the market equilibrium price and market equilibrium quantity? Show your work. 

f. If this firm operated as if it was a perfectly competitive market, what would be the firm’s total revenue (TR’), total cost (TC’), and profit under these assumptions? Show your work.

g. If this firm operated as if it was a perfectly competitive market, what would be the value of consumer surplus (CS’), producer surplus (PS’), and total surplus (TS’) under these assumptions? Show your work.

h. If this firm operated as if it was a perfectly competitive market, what would be the value of deadweight loss under these assumptions? Explain your answer.

Answer:

a. To find the profit maximizing output and price for the single price monopolist we need to set MC = MR. We know that MC = 2 + (1/1000)Q , but we need to find MR. Use the demand curve to get MR: recall that MR for the monopolist will have the same y-intercept as the demand curve provided the demand curve is linear and will have twice the slope of the demand curve. Thus, MR = 11 – (2/1000)Q. Here’s the solution:

2 + (1/1000)Q = 11 – (2/1000)Q

(3/1000)Q = 9

Q = 3000

To find the equilibrium price for the single price monopolist, substitute Q = 3000 into the demand equation: P = 11 – (1/1000)(30000) = $8 per unit of output.

b. TR = P*Q = ($8 per unit of output)(3000 units of output) = $24,000

TC = 2Q + (1/2000)Q2 + 1000 = 2(3000) + (1/2000)(3000)(3000) + 1000 = $11,500

Profit for single price monopolist = TR – TC = $24,000 - $11,500 = $12,500

c. CS = (1/2)($11 per unit of output - $8 per unit of output)( 3000 units of output) = $4500

PS = (1/2)($5 per unit of output - $2 per unit of output)(3000 units of output) + ($8 per unit of output - $5 per unit of output)(3000 units of output) = $4500 + $9000 = $13,500

TS = CS + PS = $4500 + $13,500 = $18,000

d. DWL = (1/2)($8 per unit of output - $5 per unit of output)(4500 units of output – 3000 units of output) = $2250

e. To find the market equilibrium set the market demand curve equal to the market supply curve: 

11 – (1/1000)Q’ = 2 + (1/1000)Q’

9 = (1/500)Q’
Q’ = 4500 units of output

Use either the market demand curve or the market supply curve to find the market equilibrium price if the firm acts as if this is a perfectly competitive market:

P’ = 11 – (1/1000)Q’ = 11 – (1/1000)(4500 units of output) = $6.50 per unit of output

Or, P’ = 2 + (1/1000)Q’ = 2 + (1/1000)(4500 units of output) = $6.50 per unit of output

f. TR’ = P’*Q’ = ($6.50 per unit of output)(4500 units of output) = $29,250

TC’ = 2(4500) + (1/2000)(4500)(4500) + 1000 = $20, 125

Profit if the firm acts like this is a perfectly competitive market = $9125

g. CS' = (1/2)(11 – 6.5)(4500) = $24,750/2 = $10,125
PS' = (1/2)(6.5 – 2)(4500) = $20250/2 = $10,125

TS' = (1/2)(11 – 2)(4500) = $40500/2 = $20,250 
Or, TS' = PS' + CS' = $10,125 + $10,125 = 20,250

h. There is no DWL if the firm produces 4500 units of output and sells them for $6.50 per unit of output since at this level of production the MC of production is equal to the price that the good sells for. Recall that when P = MC for the last unit sold, this tells us that the socially optimal amount of the good is being produced. 
4. Suppose you are given the following graph of a monopoly.
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a. Given this graph, write an equation for this monopolist’s marginal revenue curve (MR).

b. If this monopolist is a single price monopolist, what price and output will this monopolist produce? What will be the monopolist’s profits at this price and output combination? Show how you found your answers. 

c. If this monopolist is instead regulated to produce the socially optimal amount of the good, what price and output will the monopolist produce? What will the regulatory authority need to do in order to get the monopolist to produce at this price and output level? Explain your answer fully.

d. If this monopolist is instead regulated to produce at an output level where the firm breaks even, what price and output will the monopolist produce? Is there a deadweight loss associated with this level of production? Explain your answer verbally and then provide a mathematical calculation of this area of deadweight loss.
Answer:

a. From the graph it is relatively easy to write the monopolist’s demand curve: P = 100 – (1/1000)Q. Once we have the demand curve, then we can write the monopolist’s MR by recalling that MR for the monopolist will have the same y-intercept as the demand curve and twice the slope: thus, MR = 100 – (1/500)Q.

b. If the monopolist is a single price monopolist it will produce that quantity where MR = MC and then charge the price associated with this quantity and the demand curve. So, looking at the graph we can find MR (see (a)): MR = 100 – (1/500)Q but we cannot write an equation for MC. But, we know from the graph that MR = MC when MC is $40 per unit. So, we can set MC = MR and substitute 40 for MC: thus, 40 = 100 – (1/500)Q or Q = 30,000. Then using this quantity and the demand curve we can find the price this monopolist will charge: P = 100- (1/000)(30,000) = $70 per unit. The monopolist will produce 30,000 units and charge a price of $70 per unit if the monopolist is a single price monopolist that is not regulated. 

To find the monopolist’s profits we need to recall that profits = TR – TC. TR = P*Q = ($70 per unit)(30,000 units) = $2,100,000. TC we need to find by looking at the graph and finding the ATC for 30,000 units and then recalling that TC = ATC*Q. So, TC = ($60 per unit)(30,000 units) = $1,800,000. Profits are therefore equal to $300,000.

c. If the monopolist is regulated to produce the socially optimal amount of the good, the monopolist will produce that amount of good where P = MC: from the graph we can see that P = MC where the MC curve intersects the demand curve. This occurs at a quantity of 85,000 units (quite a bit more than that single price monopolist was going to produce!). To find the regulated price we will need to go back to the demand curve and substitute Q = 85,000 into it since we do not have an equation for the MC curve: thus, P = 100 – (1/1000)(85,000) = $15 per unit (quite a bit lower than the price the single price monopolist was going to charge!). However, this regulated monopolist will be unwilling to produce at this price and quantity combination without a subsidy since at the price and output, the firm earns negative economic profit. From the graph it is impossible to measure the size of the subsidy needed, but we could write an expression for the size of the subsidy as: Subsidy = (ATC of producing Qptimal – MC of producing Qptimal)(Qptimal). See if you can find this area on the above graph.

d. If the monopolist is regulated to breakeven, the monopolist will produce that amount of good where P = ATC: from the graph we can see that P = ATC where the ATC curve intersects the demand curve. This occurs at a quantity of 60,000 units and a price of $40 per unit. There is a deadweight loss associated with producing this level of output since P is greater than MC when the firm produces 60,000 units. The DWL measures the total surplus that is given up in a market: this time this surplus is given up because of regulatory intervention that restricts the level of output from being the socially optimal amount of output (if the monopoly was a single price monopolist the DWL would be even greater-look at the graph and see if you can locate this area). We can calculate the DWL as follows: DWL = (1/2)($40 per unit - $15 per unit)(85,000 units – 60,000 units) = $312,500.

5. Suppose a monopolist can be described by the following equations:

Monopolist’s demand curve: P = 250 – 5Q

MC for the monopolist: MC = 30

Assume that the monopolist has no fixed costs

a. Determine the profit maximizing level of output for this monopolist if it charges a single price. Determine the profit maximizing quantity and the level of the monopolist’s profit. Show your work. Also, enter your answers in the table below (you will be adding to this table throughout your work on this problem).

	Pricing Scheme
	Price Charged
	Quantity Produced
	Profit

	a) Single Price Monopolist
	
	
	

	b) Monopolist charges two prices
	
	
	

	c) Monopolist practices perfect price discrimination
	
	
	


b. Suppose this monopolist decides that it will charge 2 prices: $140 for the first 22 units and $100 for the next 8 units. Determine the profit the monopolist will earn when it charges two prices and then enter your answers into the above table. Show how you found your answers. 

c. Suppose this monopolist decides to be a perfect price discriminator. What quantity of the good will the monopolist choose to produce? Explain your answer. Then, calculate the value of the monopolist’s profit if the monopolist is a perfect price discriminator. Show your work and then enter your answers in the above table. 

d. From your analysis in (a) through (c), what conclusion do you draw about price discrimination? Explain your answer fully.

Answer:

a. To determine the profit maximizing quantity and price if this firm charges a single price for its product we need to equate MR to MC and then use the determined quantity in the monopolist’s demand curve to find the price the monopoly will charge. We are given the MC curve for the firm; we need to find the MR curve for the firm. We can use the demand curve to find the MR curve for the firm: P = 250 – 5Q and thus, MR = 250 – 10Q since the MR curve shares the y-intercept of the demand curve and has twice the slope of the demand curve provided the demand curve is linear. Thus, 30 = 250 – 10Q or Q = 22. The single price monopolist will produce 22 units. Use this quantity and the demand curve to find the price the monopolist will charge: P = 250 – 5(22) = $140 per unit. 

To find the single price monopolist’s profit remember that profit = TR – TC. TR is easy to calculate: TR = P * Q = ($140 per unit)(22 units) = $3080. TC is a bit more of a challenge: we do not have the TC curve or the ATC curve, but we do have the MC curve and the assumption that FC are equal to zero. Since MC is constant, that implies that the ATC of producing a unit of output is equal to the MC of producing an additional unit of output (if the average height of the basketball team is six feet and all the additional players we add to the team are six feet tall, then the average will not deviate from six feet). So, ($30 per unit)(22 units) = TC = $660. Profit = $3080 - $660 = $2420.

The completed table will be provided at the end of the problem.

b. If the monopolist charges two different prices-$140 for the first 22 units and $100 for the next 8 units, it will earn TR = ($140 per unit)(22 units) + ($100 per unit)(8 units) = $3880. Its TC will be equal to ($30 per unit)(30 units) = $900. Its profits will therefore be equal to $3880 - $900, or $2980.

c. If the monopolist is a perfect price discriminator then the monopolist will produce that amount of the good where P = MC for the last unit produced. This will be the socially optimal amount of the good. To find this quantity use the demand curve and the MC curve: 30 = 250 – 5Q or Q = 44 units. The firm will price each of these units at a different price: basically the firm will price along its demand curve with the first unit being sold at P = 250 – 5(1) = $245 per unit; the second unit being sold at P = 250 – 5(2) = $240 per unit; and on and on. Notice however that this provides a step by step oriented to this TR calculation (review this in your text if you find this hard to understand) and we would prefer to use a smooth orientation to this TR calculation. So, let’s imagine that we can price this good at really small q’s so that we basically take the TR as the sum of the area of the triangle above the MC curve and the rectangle below the MC curve. Thus, TR = (1/2)($250 per unit - $30 per unit)(44 units) + ($30 per unit)(44 units) = $4840 + $1320 = $6160. TC = ($30 per unit)(44 units) = $1320. (Notice, we could have save some steps by recognizing that the rectangle ($30 per unit)(44 units) is part of TR and also equivalent to TC: this area therefore is “netted out” and does not need to be even calculated in order to find the firm’s profits.) Profit for the perfect price discriminating monopolist is equal to $4840.

d. If we examine the table we see the more price discrimination there is the greater the profit for the firm. Note, also that the more price discrimination there is the closer we get to producing the socially optimal amount of the good: it’s just with perfect price discrimination the monopolist is able to “capture” all of the consumer surplus and the consumer gets none of this surplus. 

Here’s the completed table:

	Pricing Scheme
	Price Charged
	Quantity Produced
	Profit

	a) Single Price Monopolist
	$140 per unit
	22 units
	$2420

	b) Monopolist charges two prices
	$140 per unit for the first 22 units and $100 per unit for the next 8 units
	30 units
	$2980

	c) Monopolist practices perfect price discrimination
	A different price for every unit produced
	44 units 
	$4840


6. Consider a monopolist who sells her product to two different classes of customers. Suppose this monopolist knows the following information:

Demand for product from class one: P = 10 – Q

Demand for product from class two: P = 5 – (1/2)Q

MC = $2 per unit; and assume there are no fixed costs for this monopolist

a. Find the market demand curve for the monopolist’s product if there are only these two classes of buyers. Make sure you identify any ranges (or domains) where appropriate.

b. If the monopolist charges a single price to all the buyers of its product, what price will she charge and how many units will the monopolist produce? Show how you found this price and quantity. Then, calculate the amount of profits the monopolist will earn with this combination of price and quantity. 

c. Suppose this monopolist decides to engage in third degree price discrimination. What price and quantity will she provide to class one buyers? What price and quantity will she provide to class two buyers? What will profits from class one be for this price discriminating monopolist? What will profits from class two be for this price discriminating monopolist? What will total profits be for this price discriminating monopolist? Is it profitable to engage in third degree price discrimination? Explain your answers fully.

Answer:

a. To find the market demand curve for this monopolist we will need to sum the individual group demand curves together horizontally. For prices that are greater than or equal to $5 per unit, class two does not have any demand for the product since the product is too expensive for them. So, for prices greater than or equal to $5 per unit, the market demand curve is just class one’s demand curve or P = 10 – Q. For prices less than or equal to $5 we need to do a bit more work. I sketched the two groups demand curves on two separate graphs arranged horizontally next to each other and then found at $5 per unit, only 5 units of the good were demanded by class one and zero units by class two: so, one point on the market demand curve would therefore be (Q, P) = (5 units, $5 per unit). Then I thought about the two x-intercepts for these demand curves and added the two x-intercepts together: the x-intercept for class one is 10 units and the x-intercept for class two is 10 units as well. That gives me another point on the market demand curve: (Q, P ) = (20 units, $0 per unit). Use these two points to calculate the slope: m = rise/run = -5/15 = -1/3. Then use the general form of the y-intercept form of the equation and one of the given points to find the value of the y-intercept, b: Y = mX + b or P = mQ + b and then using (Q, P) = (20, 0) you have 0 = (-1/3)(20) + b or b = 20/3. Thus, the market demand curve for prices less than or equal to $5 per unit is therefore P = 20/3 – (1/3)Q.

b. From (a), we have two demand curves: P = 10 – Q for P greater than or equal to $5 and P = 20/3 – (1/3)Q for prices less than or equal to $5. That implies that there are two MR curves that we need to consider: MR = 10 – 2Q and MR = 20/3 – (2/3)Q. We know MC = 2. 

So, let’s start by equation MC = MR and use the first MR equation: 2 = 10 – 2Q or Q = 4. Then, plug this quantity back into the relevant demand equation to find the single price: P = 10 – Q = 10 – 4 = $6 per unit. Let’s pause for a minute and think about this quantity and price combination: the quantity is less than 5 units and the price is greater than $5 per unit. This quantity and price combination is one that fits on the first segment of the market demand curve: the market demand curve P = 10 – Q where P is greater than or equal to $5 per unit.

Let’s look at the second MR equation and use it in a similar way: 2 = 20/3 – (2/3)Q or Q = 7. If we plug this quantity back into the demand equation to find the single price: P = 20/3 – (1/3)Q = 20/3 – (1/3)(7) = $4.33. Let’s pause for a minute and think about this quantity and price combination: the quantity is greater than 5 units and the price less than $5 per unit. This quantity and price combination is one that fits the lower segment of the market demand curve: the market demand curve P = 20/3 – (1/3)Q is for where P is less than or equal to $5 per unit. So, we can use this combination to figure out the firm's profits and see if this results in a better outcome than the price of $6 and the quantity of 4 units. TR = (13/3)(7) = 91/3 (you will see in a minute why I am keeping this as a fraction). TC = 2(7) = 14. Profit with this price and quantity is equal to 91/3 - 42/3 = 49/3 = $16.33. This is a higher level of profits than the firm gets when it sells only to the first segment of the market demand curve.
So, the firm charges $4.33 per unit and produces 7 units. 
c. If this firm practices third degree price discrimination we will need to figure out what total quantity of the good the firm will produce and then how the firm will allocate this production between the two classes of buyers. From (b) we know that the lower segment of the market demand curve intersected the MC curve at 7 units. Let’s call this the total output that the firm will produce. Then, let’s consider how to allocate these 7 units of output.

In class one, the MC of producing the good is $2 per unit. The MR curve for class one buyers is MR = 10 – 2Q. Setting MR = MC for this class of buyer we get 10 – 2Q = 2 or Q = 4 units. Class one should get 4 units of the total output of 7 units allocated to the buyers in this class: that implies that class two will get the remaining three units (we will check that in just a bit). What price will class one pay? Substitute Q = 4 into the demand curve for this class: P = 10 – Q = 10 – 4 = $6 per unit. That implies that TR from class one will be $24. TC for this level of production for class one will be ($2 per unit)(4 units) = $8. Profit from class one will be $16.

In class two, the MC of producing the good is $2 per unit. The MR curve for class two buyers is MR = 5 - Q. Setting MR = MC for this class of buyer we get 5 - Q = 2 or Q = 3 units. Class two should get 3 units of the total output of 7 units allocated to the buyers in this class: note that Qtotal = Q1 + Q2 where Q1 is the amount of the good provided to class one and Q2 is the amount of the good provided to class two. What price will class two pay? Substitute Q = 3 into the demand curve for this class: P = 5 – (1/2)Q = 5 – (1/2)(3) = $3.50 per unit. That implies that TR from class two will be $10.50. TC for this level of production for class two will be ($2 per unit)(3 units) = $6. Profit from class two will be $4.50. 

Total profit from the two classes of buyers will equal $16 + $4.50 or $20.50.

Since total profit from third degree price discrimination is greater than total profit from selling the good at a single price we can conclude that third degree price discrimination is worthwhile to this monopolist. 
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