Study Guide for Bernheim and Whinston


CHAPTER 9

PROFIT MAXIMIZATION

CHAPTER DISCUSSION

Now let’s address why the firm is engaged in production at all, and the motivations of the firm’s manager. Profit, denoted “π” is the difference between the firm’s revenue, R, and its costs, C, both of which depend upon the level of output, Q. Therefore, π (Q) = R(Q)-C(Q). Profit can not be maximized if the efficiency conditions we studied in Chapters 7 and 8 are not met. The “C” in the profit function must therefore be the lowest possible cost for any given level of output.

The other part of profit is revenue, which is the quantity the firm sells multiplied by the price at which it sells it. The relationship between quantity and price is given to the firm by its demand function, Q = D(Q).

The relevant demand function is the one that faces this particular firm. It is the function that tells this firm how much it can sell at any given price. Or, it is the function that tells the firm the highest price it could charge for any given quantity—the inverse demand function—and it just means that we need to solve the demand function for price in terms of quantity. P = P(Q)

Revenue can be written as R(Q) = P(Q)Q, and profit becomes π (Q)=P(Q)Q – C(Q). Maximizing profit involves selecting the value of Q that yields the greatest value for π. 

We studied marginal cost in the last chapter. Now we need to address its counterpart, marginal revenue, because revenue is the measure of the benefit part of profit.  Marginal revenue is defined as the increase in revenue experienced by increasing quantity sold per period by a small increment. Specifically,
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It is the rate of change of revenue with respect to quantity sold. 

Now let’s look at two possible cases, one in which the firm has no control over the price it can charge and the other in which the firm can sell an additional unit only if it decreases its price. In the first case, the firm is called a “price taker” because it is such a small part of the total market that it has no influence on price at all. This firm faces a special demand curve: it is perfectly horizontal. The other case is where a firm has some control over price and therefore faces a negatively-sloped demand curve, reproduced as Figure 9.1 below. In part (a), the firm can sell all it wants without lowering price at all. This can only be done if the firm’s influence on market price is nil, as in the case of a small commodity farmer. For this firm, marginal revenue is equal to price.
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The more interesting case is part (b), where the firm is large enough in its market such that it must lower price to sell another unit. In this case, there are two parts to the change in its revenue. It is selling another unit at the new lower price, as indicated by the solid rectangle. But because it was selling all the inframarginal units at the previous higher price, it loses revenue on each of them by the amount it must reduce price, as shown by the cross-hatched rectangle. For this firm, the addition to revenue must be less than price because the cross-hatched rectangle must be subtracted from the solid rectangle to find the net gain in revenue. Consequently, for any firm facing a negatively-sloped demand curve, marginal revenue is less than price for all positive quantities sold.

In this chapter we encounter the counterpart to consumer surplus, producer surplus. Producer surplus is defined as R-VC, and it differs from profit by the amount of its fixed costs: Profit = Producer Surplus – Sunk Cost. 

We shall revisit firms that face downward-sloping demand curves in later chapters, so we now concentrate on price-taking firms, those that are so small relative to their market they have no influence on price whatsoever. Hence they face perfectly horizontal demand curves, and their marginal revenue curve is identical to their demand curve, or P = MR.

One of the most important findings in this chapter is the firm’s supply function: how the firm views its willingness to offer output for sale at each price. Recall that a supply function is a one-to-one relationship between the price and the quantity willingly offered for sale by the firm. 

If MC is not always rising, the supply curve can have one or more gaps in it, but it will never have negative slope, as shown in Text Figure 9.11. The Law of Supply states that as price rises, the profit-maximizing firm will never choose to reduce quantity supplied. 

All MC curves pass through the minima of their respective average cost curves, and that the short-run and long-run marginal cost curves are equal at the output level at which short- and long-run cost curves are tangent. One result of this is that the long-run marginal cost curve is flatter than the short run marginal cost. One way to think about the relative slopes of short- and long-run marginal cost curves is to recognize that in the short run the firm is more constrained because some inputs are not variable in the short run. So adjustment is more difficult. 

Multi-product producers have price-taking characteristics, meanings that we do not need to worry about how the production of one good affects the demand for another good, because the firm has no impact on demand at all. In cases where the production of more of one good affects the cost, particularly the marginal cost, of the other good, we denote this as C(QA) = CA(QA,QB) and C(QB) = CB(QB,QA). These cross effects could be positive or negative. This depends on whether the two goods are essentially competing with or complementing each other. 
OUTLINE

Profit Maximization

· Profit-Maximizing quantities and prices

· Profit equals revenue minus cost: ((Q) = R(Q)-C(Q)

· Managers might pursue other goals, but

· We assume managers pursue the goal of profit maximization

· Choosing price versus choosing quantity

· The demand function facing the firm shows:

· The highest quantity it can sell at each price (its demand function) and
· Q=D(P)

· The highest price that it can charge for each quantity (its inverse demand function)

· P=P(Q)

· The demand curve is the graph of the inverse demand function

· Maximizing profit 

· Revenue is price time quantity, R = P(Q)Q

· Profit is revenue minus cost

· If find Q such that the difference between revenue and cost is maximized

· If all costs are sunk, that is the same as maximizing revenue

· But if costs are variable, maximum profit means producing less than that level

· Marginal revenue, marginal cost, and profit maximization

· Marginal revenue

· The change in revenue resulting from a small change in the flow of output

· 
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· Downward sloping demand 

· In order to sell more output, price must fall

· selling more quantity means increasing revenue

· P((Q)

· but all inframarginal units will experience a price decrease, reducing revenue

· Q(P

· result is MR that must be less than P

· Horizontal demand curve

· If firm is a price taker, it need not lower price to sell more units

· Firm is small relative to market, so cannot influence price

· Since price need not be lowered to sell more units, MR=P for a price taker

· Graphically,


· Profit-maximizing sales quantity

· Quantity rule: Identify any positive sales quantities at which MR=MC; select the one with highest profit

· Shut-down rule: Check to see if highest profit from quantity rule yields greater profit than shutting down.  If not, shut down.

· Producer Surplus

· Difference between revenue and variable cost

· Therefore profit = producer surplus – sunk cost

· Finding quantity that maximizes producer surplus is identical to finding quantity that maximizes profit

· Supply decisions by price-taking firms

· Profit-maximizing sales quantity for the price-taking firm

· For price-takers, P(MR

· Maximum profit at positive output implies P=MC

· If P< AC, firm shuts down and experiences zero profit

· Supply function of a price-taking firm

· Supply function shows how much the firm will offer to sell at each possible price

· Best positive sales quantity is where P=MC, so marginal cost curve constitutes part of firm’s supply curve

· At prices below minimum average cost, supply curve is identical to vertical axis

· If MC curve is not always upward sloping, supply curve is still made up of upward-sloping segments of MC, but may have gaps

· Law of Supply says firm’s output will never fall as price rises

· Changes in input prices and shifts in the supply function

· If the price of a variable input rises, the firm’s MC curve and AC curve shift upward.  

· For the firm to offer the same quantity as before in input price rise, output price must now be higher

· If the price of an avoidable fixed cost rises, AC shifts up along MC.  

· There will be no change in MC, so no change in output as long as it is positive

· The upward shift in AC will cause shut-down threshold price to rise

· Softwood lumber example shows how a per-unit penalty that is triggered at various output levels can cause MC to jump, resulting in there being vertical gaps in the firm’s supply curve.  More than one price might be associated with a given level of output in this case

· Short-run versus long-run supply by price-taking firms

· Long-run supply curve is that part of LRMC that lies above AC

· Long-run supply curve is flatter, more responsive to changes in price than short-run curve

· If all fixed costs are avoidable in the long run, the relevant average cost is average variable cost, and firm will continue to operate as long as P>AC.

· In short run if some costs are sunk, price can fall further before shut-down is triggered

· Supply by multi-product price taking firms

· Price-taking firm cannot affect price, so output of one product cannot affect the price of the other

· But costs can be interrelated

· The cost of one product may be related to the level of the other product’s output

· C(QA) = CA(QA, QB)

· For each product, set MCA(QA,QB)=PA  and MCB(QA,QB)=PB
· Evaluate profit for each product

· Compare profit to case where 

· MCA(QA,0)=PA  (QB = 0, QA>0 )

· MCB(0,MCB)=PB  (QA = 0, QB>0)

· and where QA=0 and QB=0 

PRACTICE MULTIPLE CHOICE

1. Which statement is true about profit (()?

a. ( = R –C

b. ( = producer surplus – sunk cost

c. If profit is maximized at a positive, finely divisible quantity, MC = MR.

d. ( = (P-AC)(Q)

e. All of the above statements regarding profit are true.

2. Complete the statement: Marginal revenue_______

a. lies below demand for a price-taking firm.

b. is below price is one more unit can be sold with out reducing price.

c. is below price if, in order to sell another unit, the firm must lower price.

d. will be equal to price if demand is negatively sloped.

e. is equal to the change in revenue divided by quantity produced.

3. Regarding Text Application 9.1, why would a publisher wish to sell quantity of books different from the quantity its author would wish to sell?

a. The publisher has no fixed costs, so it will want to sell as many books as possible.

b. The author has no variable cost, hence MC is zero, but the publisher has positive MC and would wish to sell fewer books than the author.

c. The publisher’s MC is zero, so it wants to set MR equal to zero.

d. The author’s MC is greater than the publisher’s MC.

e. Actually, it wouldn’t because both author and publisher would choose to maximize revenue.

4. A firm faces a demand curve with a slope equal to -2.  It is selling 20 units at a current price of $10.  What is the marginal revenue for the 21st unit?

a. -$32

b. $10

c. $32

d. $168

e. There is not enough information to be able to calculate MR.

5. A price taking firm is selling 20 units at a price of $10.  What is the marginal revenue for the 21st unit?

a. -$32

b. $10

c. $32

d. $168

e. There is not enough information to be able to calculate MR.

6. At the current level of output of 100 units, the average variable cost is $15, the average cost is $20, marginal cost is $18, and all fixed costs are sunk.  The firm can sell any amount it chooses to at a price equal to $18, but it can sell nothing at any higher price. Which statement(s) is (are) correct, if any?

a. This firm should shut down immediately.

b. This firm should raise its price at least to the level of its average cost.

c. This firm is currently maximizing profit and should do nothing differently.

d. This firm should increase its output.

e. This firm should decrease its output.

7.  At the current level of output of 100 units, the average variable cost is $15, the average cost is $20, marginal cost is $18, and all fixed costs are sunk.  The firm can sell any amount it chooses to at a price equal to $18, but it can sell nothing at any higher price.  How much producer surplus is this firm earning?

a. -$200

b. -$300

c. $3

d. $300

e. zero

8. Consider the following diagram showing the demand curve facing a firm and its MC curve. It has $200 of fixed cost.  If this firm is charging $80 per unit, how much producer surplus is it earning?


[image: image3]
a. $800

b. $475

c. $400

d. $325

e. $275

9. At the current level of output of 40 units, the average variable cost is $25, the average cost is $30, marginal cost is $28, and all fixed costs are avoidable.  The firm can sell any amount it chooses to at a price equal to $28, but it can sell nothing at any higher price.  Which statement is correct?

a. This firm is earning negative producer surplus.

b. This firm should raise its price.

c. This firm should shut down immediately.

d. This firm’s fixed cost is $120.

e. This firm is currently earning a profit of $120
10. Consider the following diagram for a price-taking firm whose fixed cost is avoidable. Which line segment(s) constitute(s) this firm’s supply curve?


[image: image4]
a. Segment Oa plus segment ce.

b. Segment Ob plus segment cd

c. Segment Oa plus segment cd

d. Segment Ob plus segment ce

e. Segment ac plus segment ce

11. The Law of Supply 

a. Says when market price rises, quantity supplied by price-taking firm will fall.

b. Says when a price-taking firm raises it price it will sell less.

c. Says when market price rises, a price-taking firm will never supply more output.

d. Says when market price rises, a price-taking firm’s quantity supplied will never decrease.

e. Holds only for positively-sloped MC curves.

12. A price-taking firm uses inputs A and B to produce its output.  The price of input A rises.  What can be said with certainty?

a. If input A is the fixed input, the supply curve shifts vertically upwards, but the shut-down threshold price falls.

b. If input A is the fixed input, the supply curve shifts vertically upwards, and the shut-down threshold price rises.

c. If input A is the variable input, the supply curve shifts vertically upwards, and the shut-down threshold price rises.

d. If input A is the fixed input, the MC curve and the AC curve both shift vertically upwards.

e. If input A is the variable input, MC shifts upwards, but the AC curve does not shift.

13. A profit-maximizing, price-taking export firm has no fixed cost, and its production MC = Q.  There is a penalty tariff of $10 per unit that takes effect as soon as the firm sells at least 20 units. Market price at which this firm can sell all it wants is currently $25.  Which statement is correct?

a. To maximize profit, this firm should currently sell 20 units.

b. If price rose to $26 this firm would choose not to change its output.

c. If the penalty were reduced to $8, this firm would choose not to change its output.

d. This firm’s supply function can be characterized as follows:


S(P)=P if P<20; 


S(P) = 20 if 20≤ P≤30; 


S(P) = P-10 if P>30.

e. All of the above are correct.

14. Concerning short- and/or long-run supply for a price-taking firm, which statement is correct?

a. Typically, short-run response to a change in price is greater than the long-run response.

b. Typically, the short-run supply curve is flatter than the long-run supply curve.

c. If fixed cost is sunk, the shut-down threshold price is lower in the short run than in the long run.

d. An increase in a variable input’s price will shift up the short-run supply curve, but leave the long-run supply curve unchanged.

e. None of the above answers is correct.

15. A price-taking firm produces two products, A and B with the following respective marginal cost functions: MCA={zero or 2QA-QB, which ever is greater}   and MCB = {zero or 2QB-QA, whichever is greater}.  Market price of each good is $10 per unit, and there are no fixed costs.  How much of each product will this firm produce in order to maximize profit?



QA
QB
a. 
 5
  5

b. 
 5
10


c. 
10
  5

d. 
10
10

e. 
 0
 0

MULTIPLE CHOICE ANSWERS

1) e

2) c

3) b

4) a

5) b

6) c

7) d

8) b

9) c

10) d

11) d

12) c

13) e

14) c

15) d

WORD PROBLEMS

1. Ralph is the only Popsicle merchant at the stadium and finds that if he prices any higher than $3 for a Popsicle, he sells none at all, but at any lower price he sells does sell popsicles.  In fact, for every dime he lowers his price, he sells ten more popsicles per game.  Write down an expression for the demand function Ralph faces for popsicles.  Solve this function for P as a function of Q (the inverse demand function), and graph it.  What price must he charge in order to sell 200 popsicles per game?

2. In the question above, what is Ralph’s total revenue from selling 100 popsicles per game?  What is the marginal revenue from the 100th Popsicle?

3. Giuseppe is a price taker in the pizza market, where pizzas sell for $12 each.  His cost function for pizzas is given by C(Q) = 4Q + 0.02 Q2, and his marginal cost is given by MC = 4 +0.04 Q.  What is Giuseppe’s best positive quantity of pizzas to sell?  Giuseppe has an avoidable fixed cost of $900.  How many pizzas should he sell?

4. In question 3 above, find the level of output at which Giuseppe’s average total cost is minimized.  (Hint: the MC curve passes through the minimum of the AC curve, so set AC equal to MC and solve for Q).  What is the level of average cost at its minimum?  Write down an expression for Giuseppe’s supply function, bearing in mind that he has avoidable fixed cost equal to $900.

5. Suppose that Giuseppe’s brother Gino (also a price taker) sells pizza and has the same cost function, except that Gino’s fixed cost is unavoidable.  What is Gino’s supply function for pizzas?  At a price of $10 per pizza, calculate Gino’s producer surplus.

CHALLENGE YOUR MIND

1. Without using a diagram or a graph, explain why marginal revenue must be below price for any positive quantity if demand is negatively sloped.

2. Jim is a price-taking wheat farmer.  He was heard to say that if the wages he has to pay his farm workers rises, he will increase the number of bushels of wheat he must sell to accommodate for his added costs.  Critique his statement.  Is he right?

3. Some restaurants stay open all night, while others choose to close at, say, 10 pm and open up again at, say, 6 am.  Discuss the decision to close up at night versus staying open in terms of revenues and costs, both sunk and avoidable.
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Figure 9.1: The relationship between marginal revenue and price
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