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Abstract

In the last lecture we introduced the theory of cost.

Today we discuss the cost function, planning horizon, and

competitive industries.
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Theory of Cost

• We split profit into two components: revenue (addition) and
expenditure (deduction).

• Revenue is simple: price × quantity,

• Expenditure depends on prices, but often can achieve same
output with lower expenditure.

• Define the (minimized) cost function C(ȳ) as the function giving
the lowest expenditure that permits producing output ȳ, for any
ȳ.

• The constraint that the input bundle must produce ȳ is
ȳ = f(x1, . . . , xn), called an isoquant (“equal quantities”).

• We define iso-expenditure lines (also iso-cost lines) for fixed c:
c =

∑n
i=1 wixi.
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Conditions for Minimum Cost

Cost minimization occurs at
the tangency point on the
isoquant.

α: C0 < C̄, but f(x1, x2) less
than required output ȳ

β: higher output
f(x1, x2) > ȳ, but cost C1

higher than minimum C̄

γ: just enough output
f(x1, x2) = ȳ, but cost C1

higher than minimum C̄

C(y)

C0

C̄

C1

ȳ = f(x1, x2)

x∗

α

β

γ
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Expansion Path

Doing the trick
several times shows
the expansion path,
the set of output-
minimized-cost
pairs.

α: feasible, but x∗

is lower
expenditure for
same output

x1

x2

f(x) = y0

f(x) = y1

f(x) = y2

w1x1 + w2x2 = C0

w1x1 + w2x2 = C1

w1x1 + w2x2 = C2
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Deriving the Cost Function

Reading off target
output and cost
gives the cost
function.

Both (all) inputs
are variable, so
C(0) = 0.

C(y)

y0

C0

y1

C1

y2

C2
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Properties of the Cost Function

• Both the output and the cost are measured quantitatively and
objectively, unlike the similar figure for consumers, where we
don’t derive a maximized utility function U(m).

• Due to the monotonicity of the production function, the cost
function is increasing; we can’t say much more.
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Competitive Input Markets

• Note that we treat the prices of inputs as constant numbers w1

and w2.

• They are exogenous; the firm is a price-taker in the input
markets.

• This is an assumption. It’s usually reasonable even for very large
firms such as Toyota. But (for example) a baseball franchise must
bargain with its players over salary; it can trade them or simply
let them go as free agents, and hire another at a different wage.

– Wage bargaining requires a different model of the firm. A
course in labor economics should treat this.
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Planning Horizon

• The short run and long run are not measured in absolute time
units. They are determined by how long in advance you must
plan in order to change the level of inputs.

• This lag is called the planning horizon.
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Relevant Planning Horizons

• Decisions tend to be grouped by how soon they can be executed.
Some decisions can be executed today; some tomorrow; some will
take five years; some may take 50 years.

• For any technology, levels of some inputs can be changed faster
than others. In a given horizon, those inputs that can be changed
are called variable, those that can’t are called fixed.

• Typically we say that in the short run the labor is variable,
capital is fixed, while in the long run both are variable.

– Contracts and social practices can change this (long-term
employment, rental of machines)
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Expansion Path in the Short Run

Expansion path
with x2 = 5 (fixed
input).

x1

x2

f(x) = y0

f(x) = y1

f(x) = y2

w1x1 + w2x2 = C0

w1x1 + w2x2 = C1

w1x1 + w2x2 = C2

x∗
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Cost Function in the Short Run

Cost function with
x2 = 5 (fixed
input).

Input requirement
solves y = x1x̄2,
i.e., x1 = y

x̄2
. Then

multiply by w1 to
get V C(y).

Add FC + V C(y)
to get TC(y).

C(y)

FC = w2x̄2

V C(y) = w1
y
x2

TC(y) = FC + V C(y)
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The Competitive Firm

• An important problem that a firm faces with respect to
estimating revenue is determining the influence of price on
quantity. (In microeconomics we abstract from the things that
marketing deals with, so it’s the only issue.)

• The competitive assumption makes this easy: the firm believes
that no matter how much it tries to sell, the price will be
unaffected.

• Of course, in equilibrium the firm’s expectation is satisfied:
everybody trades the “right” amount, the predicted price is
realized, and the firm sells as much as it wants to. Note that this
is a “self-fulfilling prediction” (since market forces tend to
equilibrium) and that out of equilibrium, we can’t be sure what
the firm will be able to do.
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The Marginal Condition for the Firm

• Profit is π = pq − C(q), where p is the market price, and C is the
minimized cost function. The firm decides q, to maximize profit.
The first order condition is

0 =
∂π

∂q
= p +

∂p

∂q
q − ∂C

∂q
= p − ∂C

∂q
.

– The last equality follows because of competition (∂p
∂q = 0).

• We call ∂C
∂q marginal cost. This is the cost of increasing output

by one unit; it may involve a complete rearrangement of
production, affecting costs of other units, too.

• Since p = pq
q = R

q by definition, p may be called average revenue.
Because of competition, p happens to equal marginal revenue ∂R

∂q .
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Supply Behavior Under Competition

• Although the firm doesn’t believe it can change price, it must
respond to price changes by reoptimizing.

• This implies that for each price, the firm produces the quantity
that set marginal cost equal to price. It is always producing “on”
its marginal cost curve.

• Thus the firm’s response to price tracks the marginal cost curve;
the supply curve and the marginal cost curve are basically the
same curve. [Graph to be provided.]

• Note that for p = MC to result in a profit maximum (rather than
minimum), MC must be upward-sloping. Competition is
“unnatural” under increasing returns to scale.
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The Long-Run

• Unfortunately, there are two useful, and commonly used,
meanings of long-run in supply analysis. The first is that some
factors have a shorter planning horizon than others. If you have
a short planning horizon, then few inputs are variable, most are
fixed. In the long run, it’s the other way around.

• This doesn’t change analysis much. It just changes the shapes of
the cost curves. Specifically, both the marginal and average cost
curves become flatter. However, they usually have the same
shapes in the short and long runs.

• The other meaning is that the existence of the firm is in
question. After all, the date the firm started, and the date the
firm closes permanently, are the farthest past and future it is
concerned with. This is the long run.
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Long Run Supply

• Of course, in empirical analysis we would take into account the
longer planning horizon. Since the shapes of the curves don’t
change qualitatively, we need not worry about it.

• Consider the decision whether or not to produce at all. If the
maximum revenue the firm can achieve is less than its total cost,
it makes sense to shut down—producing and selling just makes
things worse. π = R − C < 0.

• It’s useful to divide this relation by quantity, to get things in
terms of unit costs: 0 > π

q = R
q − C

q = p − AC. The firm should
operate if (and only if) p ≥ AC.

• From calculus, we have that for q∗ that minimizes AC,
AC(q∗) = MC(q∗) (if AC is U-shaped). [Graph to be provided.]
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U-Shaped Average Cost

Increasing
marginal cost
implies U-shaped
average total cost.

C(y) = 5+y+0.5y2

P,C/y

y

ATC(y)

MC(y)

AV C(y)

AFC(y)
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Entry v. Exit

• Often textbooks distinguish between conditions for entry of new
firms and exit of older ones.

• The important issue is sunk costs: costs which cannot be
recovered if the firm decides not to operate need not be
considered in the decision to operate or not.

• These are not part of operating profit, and may either be ignored
in the calculation, or they may be accounted as costs whether or
not the firm operates or not.
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Sunk Cost Example

• E.g., suppose your engineers have spent $1,000,000 to develop a
new washing machine. Now the marketing department tells you
to spend $1,000,000 to advertise, gives you an estimate of
demand, and the accountants say production costs are $250 per
unit. Since you have already spent the R&D cost, you can’t get
it back: you or your stockholders must take the loss. It is sunk.
But the advertising cost can be avoided by canceling the project:
it is recoverable.

• Is continuing the project a decision to enter the industry? Is
canceling it a decision to exit? It’s not important, it’s like asking
“Is the glass half-full, or half-empty?” What’s important is the
decision, and whether costs are sunk or recoverable.
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Tricky Accounting: Sunk Costs

• Suppose the amount of sunk cost is D:

Sunk Cost: with without

Revenue: pq pq

Total Cost: D + F + c(q) F + c(q)

Profit if producing: pq − (D + F + c(q)) pq − (F + c(q))

Profit if shutdown: −D 0

Balance: pq − (F + c(q)) pq − (F + c(q))

Table 1: With or Without Sunk Costs
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Entry and Long-Run Supply

• In the short run (i.e., assuming firms do not enter or exit), under
competition each firm will be on its supply curve (setting q so
that p = MC). In the long run, firms will be planning not only
entry or exit, but optimal short run behavior, too, so this will be
true in the long run, as well.

• In the long run, firms may enter or exit. Firms not currently
producing will decide to enter if they expect π > 0, firms
currently producing will exit if they expect π < 0.

• Although the net (equilibrium) effect of entry is unclear, at a
given price entry will not affect marginal cost, thus individual
supply curves stay the same. So entry will result in market
supply increasing at every price: a shift to the right.
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Long-Run Equilibrium

• Exit has the opposite effect.

• Who will enter and exit? This depends on profit.

– Although maximum profit may not occur for q minimizing
average cost, if positive profit is possible, then q minimizing
cost will give positive profit.

– This is true if and only if p > minAC.

– But if p < minAC, it’s impossible to make positive profit.

• A process sorting firms with p > min AC into the industry and
those with p < minAC out of the industry will occur.
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Long-Run Equilibrium II

• Depending on relative rates of entry and exit, p may rise or fall.

• Long-run equilibrium requires all firms with p > minAC to
produce so that p = MC, all firms with p < minAC to produce
zero, and those with p = minAC may be in, producing optimally,
or out, producing zero.

• This is the famous zero-profit condition for long-run equilibrium.

• Varian (p. 399) points out that for a multiplant firm with the
same cost curve for each plant (Chinrai, for example) it doesn’t
matter whether it’s a single firm with many plants and constant
average cost, or many firms, each with one plant the same as the
others, or a mix—as in the ramenya industry! Long-run supply is
approximately horizontal at minimum average cost.
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Unit Costs in Economics

• Economics uses several notions of unit cost. None corresponds
exactly to the unit costs computed by business accountants.

• Why not just use total cost? Why are unit costs so important?
Because they are directly comparable to price, which is observable
in the market.

– Like reservation price, useful information about unit costs can
be deduced from market prices and profit maximization.

• The principal varieties of unit cost:

– Marginal cost

– Average variable cost

– Average total cost

– Average costs may include amortized sunk cost, or not.
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Marginal Cost and Marginal Revenue

• Marginal cost = dC
dy : rate of increase of cost as output increases.

• It is approximately equal to incremental cost, the increase in cost
required to produce one more unit of output.

• To understand the firm’s output decision, we compare the
marginal cost to the marginal revenue.

– MC < MR means profit increases with increasing output

– MC > MR means profit increases with decreasing output

– MC = MR means profit cannot be increased by increasing or
decreasing output: maximum profit

• The shape of the marginal revenue relation is determined by
market structure

– Example: In competition, MR ≡ P .
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Average Cost and Price

• The basic idea of average cost is easy to understand: divide cost
by output to get unit cost: AC(y) = C(y)

y

• Recall that total cost can be decomposed: TC(y) = FC + V C(y),
where fixed cost FC is the expenditure on fixed inputs, while
variable cost V C(y) is the expenditure on variable inputs

– Define average total cost ATC, average variable cost AV C,
and average fixed cost AFC.

– ATC(y) = TC(y)
y = AFC(Y ) + AV C(y)

– AFC(y) = FC
y

– AV C(y) = V C(y)
y

– Although FC does not depend on y, AFC does.
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Constant Marginal Cost

Very common
example. With
FC > 0, so-called
natural monopoly.

C/y

ATC(y)

AV C(y) = MC(y)
AFC(y)
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Increasing Marginal Cost

Very common
example. With
FC > 0, so-called
U-shaped average
cost, common in
competitive
industries.

AC∗ is minimum
average cost.

y∗ is minimum
efficient scale.

C/y

ATC(y)

MC(y)

AV C(y)

AFC(y)

AC∗

y∗
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Decreasing Marginal Cost

Unusual.

C/y

ATC(y)

MC(y)
AV C(y)

AFC(y)
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Law of Demand and Marginal Revenue
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As the firm
increases output,
with
downward-sloping
demand there are
two effects: the
direct effect A and
the terms of trade
effect B. The
direct effect is p∆y,
while the terms of
trade effect is y∆p

which has the
opposite sign to
the direct effect.

P,MR

B

A
D
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P,C/y

ATC(y)

AV C(y) = MC(y)

D−1(y)MR(y)y∗

P ∗

ATC∗
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Price Discrimination

• Monopolies often have power that goes beyond restricting
quantity to force price increases.

• Monopolies often engage in price discrimination.

First degree The monopoly charges a different price for every
unit according to the identity of the customer.

Second degree The monopoly offers different “packages” of the
good; there may be quality differences, or price may differ
depending on quantity purchased. However, discrimination
based on the identity of the customer is not possible.

Third degree The monopoly charges different prices according
to customer membership in some group.
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Other Monopolistic Behavior

• Firms often bundle related products together. If the products are
not sold separately, they are said to be tied, which is usually
illegal in the U.S.

• Firms may use vertical restrictions, that is, they tell their
customers under what conditions they may resell the “upstream”
firm’s product, or use it in their own products. A common
example is resale price maintenance.
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Local Monopoly

• Firms with similar products will often face downward-sloping
demand, yet in the long run have little power over price.

• If the nature of the product is exogenous (e.g., a singer’s voice),
then the firm only has control over price. If entry is free, then
the typical result is monopolistic competition. In the short run
each firm acts like a monopolist in the “local” market, while in
the long run entry drives economic rent to zero.

• If the product’s character is endogenous (e.g., the location of a
store), then firms may compete on location.

• “Rent-seeking” may result in imaginary product differentiation
(“sexy” cars, “whiter” clothes detergents), where the products’
“locations” differ only in consumers’ minds, not in reality.
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Oligopoly

• Oligopoly is difficult to analyze.

– Firms are not competitive; they can affect price and other
market conditions that competitive firms consider exogenous.

– Yet not monopolists; effects depend not only on the firm’s
decision, but also on rivals’ responses, which may be
calculated on concepts such as threat, deterrence, etc..

– Thus oligopoly is characterized by strategic uncertainty.

• Analysis requires identification of strategic variables: price,
quantity, location, product design, advertising, etc..

• It must handle solution concepts: collusion among the firms,
leadership by one firm, or noncooperative strategic behavior.

• The popular technique of analysis is game theory.
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Assignment 7

Due June 14.

Submit by email to turnbull@sk.tsukuba.ac.jp. Please include
both your student ID number and the course number 01C1211 (or
01CG121) in the Subject: header.

• Let a firm have a production technology with one input (x) and
one output (y), with production function y =

√
x.

– Write the general profit function π(y) with output price p and
input price w.

– Write the profit function with p = w = 1, and draw π(y) on a
graph.
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Textbook Readings

Chapter 18: Technology Measuring the firm’s production
behavior.

Chapter 19: Profit Maximization Modeling the firm’s objective.
Simple relations between market prices and firm behavior.
Section 19.11 is actually an important general principle about
optimization. “Divide and conquer” problem solving is not
merely a useful approximation; it is exact.

Chapter 20: Cost Minimization
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Assignment 9

Due June 21.

You may submit hardcopy to me (there is a box on the door at
3C306) or by email to turnbull@sk.tsukuba.ac.jp. Please include
your student ID number and the course number 01C1211 (or
01CG121) in the Subject: header.

1. Consider the cost function C(q) = 100 + q + q2.

(a) Draw the cost curve on a graph.

(b) Compute the average cost curve and the marginal cost curve.

(c) Draw the unit cost curves on a graph.

(d) Would you expect a firm with this cost function to behave
competitively? Explain your answer?
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2. Consider the cost function C(q) = 100 + q.

(a) Draw the cost curve on a graph.

(b) Compute the average cost curve and the marginal cost curve.

(c) Draw the unit cost curves on a graph.

(d) Would you expect a firm with this cost function to behave
competitively? Explain your answer?

3. Your friend has failed the midterm in one of her classes. She is
worried that if she withdraws from the class her study for the
first 5 weeks is wasted. Discuss this in terms of sunk cost.

4. Consider the formula for monopoly profit maximization,
p(q)(1 + 1

ε(q) ) = MC(q). Show what happens if demand is
inelastic at q. Conclude that the maximization condition cannot
be satisfied if demand is inelastic.
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5. Give three examples of rent-seeking in the economy. Do not use
examples from the U.S. or referring to U.S. firms.

6. Consider the example of the antique dealers in Varian’s text
(p. 430). They thought of “pooling” as a common business
practice. Compare this to dango in Japan. Who is harmed by
these practices?

Note: Page references are to the 5th edition, hardcover of the text.
Other versions may differ somewhat.
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Textbook Readings

Chapter 22: Firm Supply Supply decisions under competitive
conditions.

Chapter 23: Industry Supply Aggregating industry supply.

Chapter 24: Monopoly Supply decisions under monopoly.

Chapter 25: Monopoly Behavior Other aspects of monopoly.

Chapter 27: Oligopoly Supply decisions under oligopoly.
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