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The procedural reformation that I have suggested is worth
making for its own sake, and regardless of any changes which
might be made in the substantive doctrines of antitrust. Needless
to say, however, it would also facilitate the introduction into anti-
trust trial procedure of the kind of flexible inquiry into the eco-
pomic consequences of challenged practices advocated in earlier
chapters of this book.

In closing, I would like to recapitulate very briefly the main
theme of the book. As a result of neglect of economic principles,
the judges, lawyers, and enforcement personnel who are respon-
sible for giving meaning to the vague language of the antitrust
statutes have fashioned a body of substantive doctrine and a sys-
tem of sanctions and procedures that are poorly suited to carrying
out the fundamental objectives of antitrust policy—the promotion
of competition and efficiency. The per se rule against price fixing,
the merger rules, the rules governing competition in the distribu-
tion of goods, the tie-in rule, the use of structural remedies, the
trial of antitrust cases according to methods of proof developed
hundreds of years ago—these and the other features of the anti-
trust system examined in this book reflect above all an endeavor,
sometimes ingenious and sometimes pathetic, to set antitrust free
from any dependence on economic principles. The endeavor has
failed; the system is in disarray. The time has come to rethink
antitrust with the aid of economics. This book is offered as a
contribution to the process of rethinking.

Appendix: An Introduction
to the Formal
Analysis of Monopoly

The main purpose of this appendix is to introduce
the reader to some of the simpler geometrical and mathematical
methods by which the monopoly problem can be analyzed, in the
hope that lawyers, law students, and other noncconomists can be
helped to read the economic literature relating to antitrust. A
subsidiary purpose of the appendix is to establish a little (but only
a little) more rigorously some of the propositions asserted in pre-
vious chapters.

The first question we consider is how the monopolist decides at
J,&mﬁ price to sell his product. His decision process is illustrated
in figure 2. Three curves are drawn in Figure 2. The first is the
demand curve, dd. A demand curve shows the different prices at
which the monopolist’s product will sell, depending on how much
he produces. The negative (downward) slope of the demand curve

MC=AC
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as one moves from left to right reflects the fact that lower prices
are associated with larger quantities demanded and higher prices
with smaller quantities demanded. The higher the price of the
product relative to other products, the greater is the inceative of
the consumer to substitute other, and now cheaper, products.
Conversely, the lower the price of the product relative to substi-
tutes, the greater is the incentive of the consumer to switch to the
product from the now dearer substitutes. The relationship between
price and quantity operates in both directions. A reduction in
quantity supplied will lead to an increase in price in order to
ration the smaller quantity among consumers, while an increase
in the quantity supplied will lead to a reduction in the price in
order to attract the marginal consumer.

Several further points should be noted about the demand curve.
First, it is 2 schedule of relative, not absolute, prices. A rise in
the average price level in the economy (i.¢., inflation) will not
cause a movement up the demand curve for particular products;
the relative prices of products are not affected by inflation. Second,
the negative relationship between price and quantity assumes that
other things which might affect the demand for the good are being
held constant. For example, if the demand for a particular product
rises as people’s incomes rise, one might well observe a simulta-
neous increase in both the price and the quantity sold. Third,
while the demand curve is to the consumer a schedule of prices,
to the producers it is a schedule of average revenue. The total
revenues of the industry are simply prices times output. Total
revenue divided by output—i.e., average revenue—is thus equal
to price. Fourth, the demand curve need not be linear as in figure
2. The mathematical {and economic) propertics of nonlinear de-
mand curves are, as we shall see, somewhat different.

The second curve in figure 2 is the marginal-revenue curve
(MR). Marginal revenue is the contribution to the industry’s total
revenues made by selling another unit of output. Since the nega-
tive slope of the demand curve means that an increase in output
is associated with a decline in price, marginal revenue will be
positive (above the horizontal axis in figure 2) or negative (below
the axis) depending on whether the change in output is propor-
tionately smaller or greater than the change in price. Marginal
revenue is everywhere below price in figure 2 because as the in-
dustry increases its output it sells not only the marginal output
at a lower price but all of its output at that price. This assumes,
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om.ooE.mmu that the industry cannot sell the marginal output at the
price that the marginal purchaser will pay and the rest of its
output at the former, and higher, price. We discuss a bit later
m.ﬁ consequences of relaxing this assumption; for now, our analy-
sis focuses on the monopolist who is constrained either by law
(or more precisely by the costs of violating the law) or by the
Acgﬂ.w costs of preventing arbitrage from selling at more than
one price.

The third curve in figure 2 is the industry’s marginal cost (MC)
at <m.ﬁmocm levels of output. Marginal cost is the increase in total
Cost mm output is expanded by one unit. There are also fixed costs,
that is, costs that are independent of output. Even if the industry
.mﬁowwmn producing, the fixed costs (e.g., the cost of servicing the
mbnnmn%m long-term debt) would remain., We are not especially
Interested in the fixed costs, however. By definition they do not
enter into the producer’s decision as to what quantity to sell, and
Emnomo.no. what price to charge, for he cannot alter these costs by
his m.oeﬁou on quantity or price; they are independent of the scale
of his activity, So we shall assume for convenience that all of the
costs of our industry are variable costs reflected in the marginal-
cost curve.

Another way of justifying the exclusion of fixed costs is to
observe that, in the long run, all costs are marginal; all, that is,
depend ultimately on what decisions are made with regard to the
output of the product. When a plant wears out, it will be replaced
only if the expected revenues from the plant are greater than its
momm_ costs. From this perspective, the cost of building the plant
13 a variable rather than a fixed cost (and will enter into marginal
cost) since it will determine how much (if anything) will be pro-
duced. We can therefore think of MC as the industry long-run
marginal-cost curve.l

In figure 2, MC is a horizontal line. This implies that the cost
of waoaun.mnm a unit of output is the same regardless of the num-
ber of units produced. Although the principal reason for assuming
a comstant-costs supply curve is expository convenience—and
boBEm.S.S_ to the analysis would be altered by dropping the
assumption-—it probably approximates the cost conditions facing
many, or even most, industries within a broad range of possible

1. On the difference between short-run and long-run marginal costs see
also pp. 191-92 supra.
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outputs. But this is #ot because individual firms typically have
constant costs. That would imply that firm size was indeterminate
—a firm that produced one automobile a year would have the
same long-run marginal costs as a firm that produced 250,000
automobiles, or for that matter 10,000,000.

To reconcile a constant-costs industry curve with a U-shaped
firm-cost curve, it is necessary to introduce the concept of average
cost, i.e., total cost divided by output. With a horizontal marginal-
cost curve and no fixed costs, average cost is identical to marginal
cost at all outputs. But if marginal cost (say) rises with output,
average cost will rise too (though more slowly, just as price,
i.e., average revenue, falls more slowly than marginal revenue).

In an industry that has many firms, all facing identical cost
conditions and therefore having identical average-cost curves, each
firm will produce the output at which its average costs are mini-
mized, for at any other level of output its average costs would be
higher than those of other firms and it would be in danger of
being underpriced. Thus the industry marginal-cost curve will be
a horizontal line lying along the locus of the minimum points of
the firms’ (identical) average-cost Curves. This is the indusiry’s
marginal-cost curve because, were it necessary to expand the out-
put of the industry, this would be accomplished by the entry of
one or more firms which would produce at the point of their
lowest average costs, the same point at which the existing firms
are producing. Thus the cost of the additional units would be the
same as those of the existing units, and the industry’s marginal
costs are constant.?

2. If there are only a few firms in the industry, the analysis becomes a
bit more complicated. Unless the total demand for the industry’s oufpui
can be divided by the cost-minimizing output of each firm to yield a whole
number, it wiil be impossible to satisfy that demand at a cost equal to the
minimurn average cost of each firm. If, for example, the total demand for
the industry’s output is 100,000 units but the cost-minimizing output of
each firm in the industry is 15,000 units, there is no way in which the total
demand can be satisfied by production at the lowest average cost of each
firm. One firm will have to produce at a level of output at which its average
costs are not minimized, Moreover, even if the current output of the in-
dustry is being produced at an average cost equal to the lowest average cost
of each of the (identical) firms comprising the industry, should it become
necessary to expand the output of the industry to satisfy a growth in de-
mand it may be impossible to do so without incurring higher costs. The
increase in demand may not be great encugh to justify the entry of a new

241 The Formal Analysis of Monopoly

.H.ro optimal monopoly price in figure 2 is given by the inter-
section of MR and MC. Profit is simply the difierence between
Hoﬂm_. revenues and total costs and is maximized by carrying pro-
duction to the point where the last unit produced ooniwﬁommnmﬁ
as much to total revenues as to total costs—that is, where margi-
nal revenue and marginal cost are equal. At mnwuo_:wﬁ to %Hmm
Hm.ﬁ of O (the output corresponding to the profit-maximizin
price, P,) the monopolist could increase his profits by nwwmbmmnw
output, moH. at such points marginal revenue lies above marginal
cost, meaning that additional output adds more to total revenue
thaa to total cost and thus gencrates additional profit. To the right
of m.a .Hwo relationship is reversed. Producing quantity Q nmﬂm
HNMMENQ the &Moﬂnno between the area under the Emﬂmmnm_.

ue curve and t i i
TRl e area under the marginal-cost curve—i.e.,

If the industry were organized competitively and its marginal-
cost curve were identical to that of the monopolist, output would
vo .omnmoa to point Q. in figure 2, the point at which price (P.)
is just equal to marginal cost. Assume that the market noEE.Mm
marny firms of roughly equal size so that the output of any single
firm is small relative to the total output of the market, and that
the firms do not coordinate their price and output Qmo.mﬁo:m To
a firm whose decisions to increase or reduce output do not Q.nom..
surably) affect the market price because the firm’s output is ver
small relative to that of the market as a whole, the demand oﬂ?w
appears as a horizontal line at the market price and the firm’s

marginal-revenue curve is identical to its demand curve. That is
9...». firm assumes that every additional sale is made at the mmn._m
price as the existing sale (which is why the demand curve appears
ﬁ.o the firm as a horizontal rather than as a downward-slopin

line) m_mm increases its total revenues by the full amount o%nﬂm
mm_nm. price (which is why its marginal-revenue curve is a horizon-
tal line identical to the demand curve). Each seller in a market
of many sellers that are not colluding will continue expanding his
output along what he perceives to be his horizontal demand nmadm

MM“._: Mrwﬂ iwc._m. produce En. level of output at which its average costs
o M minimized. .Wm&ﬂ.. it may be necessary to satisfy the increase in
¥ an expansion in the output of one or more of the existing firms

3 g
in the uuwmhw.nﬂ Hmm_h:_.nu In an Increase mn .2.-0 average WEAH marginal COSt!
g 24 5
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until the combined effect of all of the sellers’ actions in increasing
the supply of the industry’s product depresses price to the point
at which it is equal to the industry’s marginal-cost curve. At this
point, the sellers will cease to expand their output, since if they
produced more units they would bave to scll below their costs.

It is plain from figure 2 that monopoly results in a lower output
than competition, as well as generating monopoly profits which
are equal to the rectangle denoted MP. The reduction in output
generates a subtle form of social loss measured by the triangle
labeled D. This represents the loss in value to those consumers
who at the competitive price would buy the product, but at the
monopoly price are deflected to substitutes. The fact that the de-
mand curve lies above the marginal-cost curve in this region indi-
cates that the value of the product to consumers who no longer
purchase it exceeds the opportunity costs of producing it. This
extra value is lost when the product is monopolized, and it is not
recouped by the monopolist (or anyone €lse), for the monopolist
obtains no revenues from output that he does not produce.

Thus far we have assumed that the monopolist is constrained to
sell at a single price. He would, of course, prefer to vary his price
with the intensity of the consumer desire for his product, charging
more to those who have poor substitutes for it-and less to those
who have good substitutes. Suppose that the monopolist can dis-
criminate in price perfectly and costlessly: every sale is made at
a price equal to the value that the consumer places on the pur-
chase and no costs are incurred in ascertaining those values or in
dealing separately with each consumer over each unit of output
purchased. Then the monopolist will proceed down the demand
curve from its intersection with the vertical axis to its intersection
with the marginal-cost curve, and the demand curve in that inter-
val will become a schedule of different prices for each unit of
output. The results of perfect price discrimination are compared
with those of single-price monopoly in figure 3.

Observe that the output of the perfectly discriminating mo-
nopolist is identical to that of the competitive industry. Thus,
perfect price discrimination eliminates the social loss of monopoly
that we earlier denoted by D. However, MP, monopoly profits,
are greater under perfect price discrimination than under single-
price monopoly. Indeed MP in figure 3(b) is larger than MP + D
in figare 3(a), implying, according to our assumption that ex-
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Fig. 3

pected monopoly profits are transformed into social costs,® that
the social costs of perfect price discrimination are actually greater
than those of single-price monopoly even though the output of
the perfectly price-discriminating monopolist is identical to that
under competition.

H.n.ﬂ s now derive the major results of the analysis of monopoly
pricing algebraically, beginning with the simple case in which the
mmﬂmsn_ curve can, as in figures 2 and 3, be approximated by a
m.s.m_m?p. rather than a curved line. The algebraic form of a nega-
Ewo_w sloped straight line such as dd in figure 2 is a — bQ, where
a is the intercept on the vertical axis, —b is the slope of the curve
(and .mm pegative because the slope of a downward-curving line is
nommg.du, and Q is the independent variable. Since the demand
curve is a price schedule we can write P = ¢ — b(. The margi-
um;.oomn curve is simply C, by our assumption of constant costs.
Since total revenue equals price times quantity, since total cost
O.Emﬂ. oﬁ.mmmEEumon that there are no fixed costs) equals mar-
ginal cost times quantity, and since profit is simply the difference
between total revenue and total cost, we can write

3. See pp. 11-13 supra.
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(1)

x=(a— bOK — CQ,
o sell that quantity

where = is profit. The monopolist's goal is t

(@) of the product at which his profits () will be maximized,
and we can use elementary calculus to determine what value of Q
will maximize =. Since = is a function of @ (ie., our choice of
O will determine the value of =), we set the first derivative of
 with respect to Q equal to zero. The geometric equivalent of this

is shown in figure 4. The point where the function = of O attains
its highest point (i.c., maximum profits) is the point where the
first derivative (i.e., slope) of the profit function is equal to Zero

(a horizontal line has no slope}.

s

Fig. 4

rmula which can be found in any elemen-

Using a standard fo
differentiate - with respect to Q to obtain

tary calculus text,’ we
the first derivative, yielding

dn
M@lnlmﬁlﬂ

Setting this equal to zero and
ing equation we obiain

a—2bQ =C.

(2)

adding C to each side of the resuli-

3)

4. As a detail, but an important one, note that merely knowing that the
slope of a function is equal to zero doest’t tell you whether the function
is af a maximum or minimum point. For a maximum, the second derivative
of the function must be negative (ie., changing from positive to negative
at its extreme point). That is, the slope of the slope must be negative. (One’s
upward movement slows as one approaches the top of a hill and turns
negative as one begins to descend the hill on the other gide.) This means
that, in the area of the putative maximum, profits as a function of quan-
tity produced must be increasimg at a decreasing rate. Since the second
derivative of our profit function (equation [11) is negative (—2b), the
“second order” condition for a maximum is indeed satisfied.

5. Particularly good for people interested in economics is Alpha C.
Chiang, Fundamental Methods of Mathematical Economics (2d ed. 1974}
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The left-hand side
of equation (3) i
revenu . is the first derivati
tive OmmmowMHHMMHWE& revenue; the right-hand side is QMMMNMH.M@WEH
2o e mo::&mm.%n anmmnm.m cost (this can be verified by a :Mm.
e or obtaining a first derivative directly t e
e or total revenue and total cost fa — bQ) i
the m_owm wnmom_”m are maximized when MR = MC Omvmmnum ﬁ.% :
¢ marginal-revenu o rve that

the ¢ curve, —2b, i
oasmmwm@nww the demand curve (—b). At a _.E.RM MM mmﬂ& e
R mws.:ﬂ_m at a marginal revenue of zero Q is Mo, % -4
e nE..<ov.€ en the demand curve is linear, the EM.:. to
P A .Eﬁmnmonﬁm m.ﬁ horizontal axis mxmomw mid B
i igin and the intersection of the de R @m-

mH axis—as shown in figure 2 mand curve with

t will b ;

optimal Ewo me:_ to have a more general expression for th
depend on the mmmEMMMMM umvmw QMH e o e (s aow
shape (oth n that the demand curve has a i
~ M_ HM ~o<MwﬁﬂwﬂwnWwﬁ .m.,_vo negatively sloped and QEM.MM”W%M
nopolist’s profit ?nomm.n mmo more general expression for the mo-

= = PQ)Q — CQ,
= (4)

:HHNHN m ﬁmy A T T awen
. H m.w“:u H~.__.0 st

derivative of i
« with respec .
zero, we have pect to 0 and setting the result equal to

dr _ap

ag =~ agl+l-Cc=0o &
or

dp

@ (6)

The left-hand side
: of the equation agai :
and the right-hand side marginal n%mmﬁuﬂ denotes marginal revenue

6. Now let us che
. ck the second- ..
of (4) with respect to Q s nd-order condition. The second derivative

B _ 2P apr
&me&]Q..m+NN@J &

MHOS_ are we to Hﬂﬂuoa whether his e 10 ne, ve? I'o begi with
h.— this Xpression is Wﬂﬂn Zin 1
]

we WH—AOS \n—umh :uﬂ wmﬁo:.ﬂm term 15 ﬂﬂmmnnco since ﬁmun m—og of :HG Qﬂun~m,=nm
curve (d¥f &mv 15 H_.Qmm.:cﬂc Ho —um sure Hﬁﬂn ﬁm.-ﬂ entire CXPression 1s ne, tive,
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