Chapter 8: Profit Maximization and Competitive Supply

CHAPTER 8

PROFIT MAXIMIZATION AND COMPETITIVE SUPPLY

EXERCISES
1.  The data in the following table give information about the price (in dollars) for which a firm can sell a unit of output and the total cost of production.

a. Fill in the blanks in the table.
b. Show what happens to the firm’s output choice and profit if the price of the product falls from $60 to $50.
	Q
	P

	TR
P = 60
	TC
	(
P = 60
	MC

	MR
P = 60
	TR
P = 50
	MR
P = 50
	(
P = 50

	0
	60
	    
	  100
	
	
	
	
	
	

	1
	60
	
	150
	
	
	
	
	
	

	2
	60
	
	178
	
	
	
	
	
	

	3
	60
	
	198
	
	
	
	
	
	

	4
	60
	
	212
	
	
	
	
	
	

	5
	60
	
	230
	
	
	
	
	
	

	6
	60
	
	250
	
	
	
	
	
	

	7
	60
	
	272
	
	
	
	
	   
	

	8
	60
	
	310
	
	
	
	
	
	

	9
	60
	
	355
	
	
	
	
	
	

	10
	60
	
	410
	
	
	
	
	
	

	11
	60
	
	475
	
	
	
	
	
	


The table below shows the firm’s revenue and cost for the two prices.

	Q
	P

	TR
P = 60
	TC
	(
P = 60
	MC

	MR
P = 60
	TR
P = 50
	MR
P = 50
	(
P = 50

	0
	60
	    0
	  100
	-100
	___
	___
	0
	___
	-100

	1
	60
	60
	150
	-90
	50
	60
	50
	50
	-100

	2
	60
	120
	178
	-58
	28
	60
	100
	50
	-78

	3
	60
	180
	198
	-18
	20
	60
	150
	50
	-48

	4
	60
	240
	212
	28
	14
	60
	200
	50
	-12

	5
	60
	300
	230
	70
	18
	60
	250
	50
	20

	6
	60
	360
	250
	110
	20
	60
	300
	50
	50

	7
	60
	420
	272
	148
	22
	60
	350
	50
	78

	8
	60
	480
	310
	170
	38
	60
	400
	50
	90

	9
	60
	540
	355
	185
	45
	60
	450
	50
	95

	10
	60
	600
	410
	190
	55
	60
	500
	50
	90

	11
	60
	660
	475
	185
	65
	60
	550
	50
	75


At a price of $60, the firm should produce ten units of output to maximize profit because this is the point closest to where price equals marginal cost without having marginal cost exceed price.  At a price of $50, the firm should produce nine units to maximize profit.  When price falls from $60 to $50, profit falls from $190 to $95.    

2.  Using the data in the table, show what happens to the firm’s output choice and profit if the fixed cost of production increases from $100 to $150, and then to $200.  Assume that the price of the output remains at $60 per unit.  What general conclusion can you reach about the effects of fixed costs on the firm’s output choice?

The table below shows the firm’s revenue and cost information for fixed cost, FC of 100, 150, and 200.

In all of the given cases, with fixed cost equal to 100, then 150, and then 200, the firm will produce 10 units of output because this is the point closest to where price equals marginal cost without having marginal cost exceed price.  Fixed costs do not influence the optimal quantity, because they do not influence marginal cost.  Higher fixed costs also result in lower profits.

	Q
	P


	TR

	TC
FC = 100
	(
FC = 100
	MC

	TC
FC = 150
	(
FC = 150
	TC
FC = 200
	(
FC = 200

	0
	60
	0
	  100
	-100
	___
	150
	-150
	200
	-200

	1
	60
	60
	150
	-90
	50
	200
	-140
	250
	-190

	2
	60
	120
	178
	-58
	28
	228
	-108
	278
	-158

	3
	60
	180
	198
	-18
	20
	248
	-68
	298
	-118

	4
	60
	240
	212
	28
	14
	262
	-22
	312
	-72

	5
	60
	300
	230
	70
	18
	280
	20
	330
	 -30

	6
	60
	360
	250
	110
	20
	300
	60
	350
	 10

	7
	60
	420
	272
	148
	22
	322
	98
	372
	 48

	8
	60
	480
	310
	170
	38
	360
	120
	410
	 70

	9
	60
	540
	355
	185
	45
	405
	135
	455
	 85

	10
	60
	600
	410
	190
	55
	460
	140
	510
	 90

	11
	60
	660
	475
	185
	65
	525
	135
	575
	 85


3.  Use the same information as in Exercise 1.

a.
Derive the firm’s short-run supply curve.  (Hint: you may want to plot the appropriate cost curves.)

The firm’s short-run supply curve is its marginal cost curve above average variable cost. The table below lists marginal cost, total cost, variable cost, fixed cost, and average variable cost.  The firm will produce 8 or more units depending on the market price and will not produce in the 0-7 units of output range because in this range AVC is greater than MC.  When AVC is greater than MC, the firm minimizes losses by producing nothing.

	Q
	TC
	MC
	TVC
	TFC
	AVC

	0
	100100
	___
	0
	 100
	___

	1
	150
	50
	50
	 100
	50.0

	2
	178
	28
	78
	 100
	39.0

	3
	198
	20
	98
	100
	32.7

	4
	212
	14
	112
	100
	28.0

	5
	230
	18
	130
	100
	26.0

	6
	250
	20
	150
	100
	25.0

	7
	272
	22
	172
	100
	24.6

	8
	310
	38
	210
	100
	26.3

	9
	355
	45
	255
	100
	28.3

	10
	410
	55
	310
	100
	31.0

	11
	475
	65
	375
	100
	34.1


b.
If 100 identical firms are in the market, what is the industry supply curve?

For 100 firms with identical cost structures, the market supply curve is the horizontal summation of each firm’s output at each price.
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4.  Suppose you are the manager of a watchmaking firm operating in a competitive market.  Your cost of production is given by C = 200 +2 q2, where q is the level of output and C is total cost.  (The marginal cost of production is 4q.  The fixed cost of production is $200.)

a.
If the price of watches is $100, how many watches should you produce to maximize profit?
Profits are maximized where marginal cost is equal to marginal revenue.  Here, marginal revenue is equal to $100; recall that price equals marginal revenue in a competitive market:

100 = 4q, or q = 25.

b.
What will the profit level be?
Profit is equal to total revenue minus total cost:

( = (100)(25) - (200 + 2*252) = $1050.

c.
At what minimum price will the firm produce a positive output?
A firm will produce in the short run if the revenues it receives are greater than its variable costs.  Remember that the firm’s short-run supply curve is its marginal cost curve above the minimum of average variable cost.  Here, average variable cost is 
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.  Also, MC is equal to 4q.  So, MC is greater than AVC for any quantity greater than 0.  This means that the firm produces in the short run as long as price is positive.
5.  Suppose that a competitive firm’s marginal cost of producing output q is given by MC(q) = 3 + 2q.  Assume that  the market price of the firm’s product is $9.

a.
What level of output will the firm produce?
To maximize profits, the firm should set marginal revenue equal to marginal cost.  Given the fact that this firm is operating in a competitive market, the market price it faces is equal to marginal revenue.  Thus, the firm should set the market price equal to marginal cost to maximize its profits:

9 = 3 + 2q, or q = 3.

b.
What is the firm’s producer surplus?
Producer surplus is equal to the area below the market price, i.e., $9.00, and above the marginal cost curve, i.e., 3 + 2q.  Because MC is linear, producer surplus is a triangle with a base equal to $6 (9 - 3 = 6).  The height of the triangle is 3, where P = MC.  Therefore, producer surplus is

(0.5)(6)(3) = $9.
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c. Suppose that the average variable cost of the firm is given by AVC(q) = 3 + q. Suppose that the firm’s fixed costs are known to be $3.  Will the firm be earning a positive, negative, or zero profit in the short run?
Profit is equal to total revenue minus total cost.  Total cost is equal to total variable cost plus fixed cost.  Total variable cost is equal to (AVC)(q).  Therefore, at q = 3,

TVC = (3 + 3)(3) = $18.

Fixed cost is equal to $3.  Therefore, total cost equals TVC plus TFC, or

TC = 18 + 3 = $21.

Total revenue is price times quantity:

TR = ($9)(3) = $27.

Profit is total revenue minus total cost:

( = $27 - $21 = $6.

Therefore, the firm is earning positive economic profits.  More easily, you might recall that profit equals producer surplus minus fixed cost.  Since we found that producer surplus was $9 in part b, profit equals 9-3 or $6.
6.  A firm produces a product in a competitive industry and has a total cost function 
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 and a marginal cost function 
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.  At the given market price of $20, the firm is producing 5 units of output.  Is the firm maximizing profit?  What quantity of output should the firm produce in the long run?

If the firm is maximizing profit, then price will be equal to marginal cost.  P=MC results in P=20=4+4q=MC, or q=4.  The firm is not maximizing profit, since it is producing too much output.  The current level of profit is 

profit = 20*5-(50+4*5+2*5*5) = –20,

and the profit maximizing level is 

profit = 20*4-(50+4*4+2*4*4) = –18.

Given no change in the price of the product or the cost structure of the firm, the firm should produce q=0 units of output in the long run since at the quantity where price is equal to marginal cost, economic profit is negative.  The firm should exit the industry.

7.  Suppose the cost function is C(q)=4q2+16.  
a. Find variable cost, fixed cost, average cost, average variable cost, and average fixed cost.  Hint:  Marginal cost is MC=8q.

Variable cost is that part of total cost that depends on q (
[image: image6.wmf]  
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) and fixed cost is that part of total cost that does not depend on q (16).
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b. Show the  average cost, marginal cost, and average variable cost curves on a graph.  

Average cost is u-shaped.  Average cost is relatively large at first because the firm is not able to spread the fixed cost over very many units of output.  As output increases, average fixed costs will fall relatively rapidly.  Average cost will increase at some point because the average fixed cost will become very small and average variable cost is increasing as q increases.  Average variable cost will increase because of diminishing returns to the variable factor labor.  MC and AVC are linear, and both pass through the origin.  Average variable cost is everywhere below average cost.  Marginal cost is everywhere above average variable cost.  If the average is rising, then the marginal must be above the average.  Marginal cost will hit average cost at its minimum point.

c. Find the output that minimizes average cost.

The minimum average cost quantity is where MC is equal to AC:
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d. At what range of prices will the firm produce a positive output?

The firm will supply positive levels of output as long as P=MC>AVC, or as long as the firm is covering its variable costs of production.  In this case, marginal cost is everywhere above average variable cost so the firm will supply positive output at any positive price.

e. At what range of prices will the firm earn a negative profit?

The firm will earn negative profit when P=MC<AC, or at any price below minimum average cost.  In part c above we found that the minimum average cost quantity was q=2.  Plug q=2 into the average cost function to find AC=16.  The firm will therefore earn negative profit if price is below 16.

f. At what range of prices will the firm earn a positive profit?

In part e we found that the firm would earn negative profit at any price below 16.  The firm therefore earns positive profit as long as price is above 16.

8.  A competitive firm has the following short run cost function:   




.

a. Find MC, AC, and AVC and sketch them on a graph.  

The functions can be calculated as follows:
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Graphically, all three cost functions are u-shaped in that cost declines initially as q increases, and then cost increases as q increases.  Average variable cost is below average cost.  Marginal cost will be initially below AVC and will then increase to hit AVC at its minimum point.  MC will be initially below AC and will also hit AC at its minimum point.

b. At what range of prices will the firm supply zero output?

The firm will find it profitable to produce in the short run as long as price is greater than or equal to average variable cost.  If price is less than average variable cost then the firm will be better off shutting down in the short run, as it will only lose its fixed cost and not fixed plus some of variable cost.  Here we need to find the minimum average variable cost, which can be done in two different ways.  You can either set marginal cost equal to average variable cost, or you can differentiate average variable cost with respect to q and set this equal to zero.  In both cases, you can solve for q and then plug into AVC to find the minimum AVC.  Here we will set AVC equal to MC:
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Hence, the firm supplies zero output if P<14.

c. Identify the firm’s supply curve on your graph.

The firm supply curve is the MC curve above the point where MC=AVC.  The firm will produce at the point where price equals MC as long as MC is greater than or equal to AVC.

d. At what price would the firm supply exactly 6 units of output?

The firm maximizes profit by choosing the level of output such that P=MC.  To find the price where the firm would supply 6 units of output, set q equal to 6 and solve for MC:
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9.  a.  Suppose that a firm’s production function is 
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in the short run, where there are fixed costs of $1,000  and x is the variable input, whose  cost is $4,000 per unit.  What is the total cost of producing a level of output q.  In other words, identify the total cost function C(q).  

The total cost function C(x) = fixed cost + variable cost = 1000 + 4000x.  Since the variable input costs $4,000 per unit,  the variable cost is 4000 times the number of units, or 4000x.  Now rewrite the production function to express x in terms of q so that 
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.  We can then substitute this into the above cost function to find C(q):
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e. Write down the equation for the supply curve.

The firm supplies output where P=MC so the marginal cost curve is the supply curve, or 
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f. If price is $1000, how many units will the firm produce?  What is the level of profit?  Illustrate on a cost curve graph.

To figure this out, set price equal to marginal cost to find:
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Profit is 1000*10.125-(1000+(4000*10.125*10.125)/81) = 4062.5.  Graphically, the firm produces where the price line hits the MC curve.  Since profit is positive, this will occur at a quantity where price is greater than average cost.  To find profit on the graph, take the difference of the revenue box (price times quantity) and the cost box (average cost times quantity).  This rectangle is the profit area.

10.  Suppose you are given the following information about a particular industry:  
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Assume that all firms are identical, and that the market is characterized by pure competition.

a. Find the equilibrium price, the equilibrium quantity, the output supplied by the firm, and the profit of the firm.

Equilibrium price and quantity are found by setting market supply equal to market demand, so that 6500-100P=1200P.  Solve to find P=5 and substitute into either equation to find Q=6000.  To find the output for the firm set price equal to marginal cost so that 
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 and q=500.  Profit of the firm is total revenue minus total cost or 
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  Notice that since the total output in the market is 6000, and the firm output is 500, there must be 6000/500=12 firms in the industry.
b. Would you expect to see entry into or exit from the industry in the long-run?  Explain.  What effect will entry or exit have on market equilibrium?

Entry because the firms in the industry are making positive profit.  As firms enter, the supply curve for the industry will shift down and to the right and the equilibrium price will fall, all else the same.  This will reduce each firm’s profit down to zero until there is no incentive for further entry.

c. What is the lowest price at which each firm would sell its output in the long run?  Is profit positive, negative, or zero at this price?  Explain.  

In the long run the firm will not sell for a price that is below minimum average cost.  At any price below minimum average cost, profit is negative and the firm is better off selling its fixed resources and producing zero output.  To find the minimum average cost, set marginal cost equal to average cost and solve for q:
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Therefore, the firm will not sell for any price less than 3.8 in the long run.
d. What is the lowest price at which each firm would sell its output in the short run?  Is profit positive, negative, or zero at this price?  Explain. 

The firm will sell for any positive price, because at any positive price marginal cost will be above average variable cost (AVC=q/2000).  Profit is negative as long as price is below minimum average cost, or as long as price is below 3.8.
11.  Suppose that a competitive firm has a total cost function 
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 and a marginal cost function 
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.  If the market price is P=$115 per unit, find the level of output produced by the firm.  Find the level of profit and the level of producer surplus.

The firm should produce where price is equal to marginal cost so that P=115=15+4q=MC and q=25.  Profit is 
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.  Producer surplus is profit plus fixed cost, which is 1250.  Note that producer surplus can also be found graphically by calculating the area below the price line and above the marginal cost (supply) curve, so that PS=0.5*(115-15)*25=1250.
12.  A number of stores offer film developing as a service to their customers.  Suppose that each store that offers this service has a cost function 
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 and a marginal cost 
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a. If the going rate for developing a roll of film is $8.50, is the industry in long run equilibrium?  If not find the price associated with long run equilibrium.
First find the profit maximizing quantity associated with a price of $8.50 by setting price equal to marginal cost so that MC=0.5+0.16q=8.5=P, or q=50.  Profit is then 8.5*50-(50+0.5*50+0.08*50*50)=$150.  The industry is not in long run equilibrium because profit is greater than zero.  In a long run equilibrium, firms produce where price is equal to minimum average cost and there is no incentive for entry or exit.  To find the minimum average cost point, set marginal cost equal to average cost and solve for q:

[image: image27.wmf]  

MC

=

0

.

5

+

0

.

16

q

=

50

q

+

0

.

5

+

0

.

08

q

=

AC



[image: image28.wmf]  

0

.

08

q

2

=

50



[image: image29.wmf]  

q

=

25

.


To find the long run price in the market, substitute q=25 into either marginal cost or average cost to get P=$4.50.
b. Suppose now that a new technology is developed which will reduce the cost of film developing by 25%.  Assuming that the industry is in long run equilibrium, how much would any one store be willing to pay to purchase this new technology?

The new total cost function and marginal cost function can be found by multiplying the old functions by 0.75 (or 75%) and are as follows: 
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The firm will set marginal cost equal to price, which is $4.50 in the long run equilibrium.  Solve for q to find that the firm will develop approximately 34 rolls of film (rounding down).  If q=34 then profit is $33.39.  This is the most the firm would be willing to pay for the new technology.  Note that if all firms adopt the new technology and produce more output, then price in the market will fall and profit for each firm will be reduced to zero.
13.  Consider a city that has a number of hot dogs stands operating throughout the downtown area.  Suppose that each vendor has a marginal cost of $1.50 per hot dog sold, and no fixed cost.  Suppose the maximum number of hot dogs any one vendor can sell in a day is 100.

a. If the price of a hot dog is $2, how may hot dogs does each vendor want to sell?
Since marginal cost is equal to 1.5 and the price is equal to 2, the hot dog vendor will want to sell as many hot dogs as possible, or in other words, 100 hot dogs. 
b. If the industry is perfectly competitive will the price remain at $2 for a hot dog?  If not, what will the price be?
The price should fall to $1.50 so that price is equal to marginal cost.  Each hot dog vendor will have an incentive to lower the price of a hot dog below $2 so they can sell more hot dogs than their competitors.  No hot dog vendor will sell a hot dog for a price below marginal cost, so the price will fall until it reaches $1.50.
c. If each vendor sells exactly 100 hot dogs a day and the demand for hot dogs from vendors in the city is Q=4400-1200P, how many vendors are there?
If price is 1.50 then Q=4400-1200*1.5=2600 in total.  If each vendor sells 100 hot dogs then there are 26 vendors.
d. Suppose the city decides to regulate hot dog vendors by issuing permits.  If the city issues only 20 permits, and if each vendor continues to sell 100 hot dogs a day, what price will a hot dog sell for?

If there are 20 vendors selling 100 hot dogs each then the total number sold is 2000.  If Q=2000 then P=$2, from the demand curve.

e. Suppose the city decided to sell the permits.  What is the highest price a vendor would pay for a permit?
At the new price of $2 per hot dog the vendor is making a profit of $0.50 per hot dog, or a total of $50.  This is the most they would pay on a per day basis. 

14.  A sales tax of $1 per unit of output is placed on one firm whose product sells for $5 in a competitive industry.

a.
How will this tax affect the cost curves for the firm?
With the imposition of a $1 tax on a single firm, all its cost curves shift up by $1.  Total cost becomes TC+tq, or TC+q since t=1.  Average cost is now AC+1.  Marginal cost is now MC+1.

b.
What will happen to the firm’s price, output, and profit?
Since the firm is a price-taker in a competitive market, the imposition of the tax on only one firm does not change the market price.  Since the firm’s short-run supply curve is its marginal cost curve above average variable cost and that marginal cost curve has shifted up (inward), the firm supplies less to the market at every price.  Profits are lower at every quantity.

c.
Will there be entry or exit in the industry?
If the tax is placed on a single firm, that firm will go out of business.  In the long run, price in the market will be below the minimum average cost point of this firm.

15.  A sales tax of 10 percent is placed on half the firms (the polluters) in a competitive industry.  The revenue is paid to the remaining firms (the nonpolluters) as a 10 percent subsidy on the value of output sold.

a.
Assuming that all firms have identical constant long-run average costs before the sales tax-subsidy policy, what do you expect to happen to the price of the product, the output of each of the firms, and industry output, in the short run and the long run?  (Hint: How does price relate to industry input?)
The price of the product depends on the quantity produced by all firms in the industry.  The immediate response to the sales-tax=subsidy policy is a reduction in quantity by polluters and an increase in quantity by non-polluters.  If a long-run competitive equilibrium existed before the sales-tax=subsidy policy, price would have been equal to marginal cost and long-run minimum average cost.  For the polluters, the price after the sales tax is below long-run average cost; therefore, in the long run, they will exit the industry.  Furthermore, after the subsidy, the non-polluters earn economic profits that will encourage the entry of non-polluters.  If this is a constant cost industry and the loss of the polluters’ output is compensated by an increase in the non-polluters’ output, the price will remain constant.

b.
Can such a policy always be achieved with a balanced budget in which tax revenues are equal to subsidy payments?  Why or why not?  Explain.  
As the polluters exit and non-polluters enter the industry, revenues from polluters decrease and the subsidy to the non-polluters increases.  This imbalance occurs when the first polluter leaves the industry and persists ever after.  If the taxes and subsidies are re-adjusted with every entering firm and exiting firm, then tax revenues from polluting firms will shrink and the non-polluters get smaller and smaller subsidies.
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