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PREFACE

The success of the first six editions of Intermediate Microeconomics has
pleased me very much. It has confirmed my belief that the market would
welcome an analytic approach to microeconomics at the undergraduate
level.

My aim in writing the first edition was to present a treatment of the
methods of microeconomics that would allow students to apply these tools
on their own and not just passively absorb the predigested cases described
in the text. I have found that the best way to do this is to emphasize
the fundamental conceptual foundations of microeconomics and to provide
concrete examples of their application rather than to attempt to provide
an encyclopedia of terminology and anecdote.

A challenge in pursuing this approach arises from the lack of mathemat-
ical prerequisites for economics courses at many colleges and universities.
The lack of calculus and problem-solving experience in general makes it
difficult to present some of the analytical methods of economics. How-
ever, it is not impossible. One can go a long way with a few simple facts
about linear demand functions and supply functions and some elementary
algebra. It is perfectly possible to be analytical without being excessively
mathematical.

The distinction is worth emphasizing. An analytical approach to eco-
nomics is one that uses rigorous, logical reasoning. This does not neces-
sarily require the use of advanced mathematical methods. The language
of mathematics certainly helps to ensure a rigorous analysis and using it
is undoubtedly the best way to proceed when possible, but it may not be
appropriate for all students.
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Many undergraduate majors in economics are students who should know
calculus, but don’t—at least, not very well. For this reason I have kept cal-
culus out of the main body of the text. However, I have provided complete
calculus appendices to many of the chapters. This means that the calculus
methods are there for the students who can handle them, but they do not
pose a barrier to understanding for the others.

I think that this approach manages to convey the idea that calculus is
not just a footnote to the argument of the text, but is instead a deeper
way to examine the same issues that one can also explore verbally and
graphically. Many arguments are much simpler with a little mathematics,
and all economics students should learn that. In many cases I've found
that with a little motivation, and a few nice economic examples, students
become quite enthusiastic about looking at things from an analytic per-
spective.

There are several other innovations in this text. First, the chapters are
generally very short. T've tried to make most of them roughly “lecture
size,” so that they can be read at one sitting. I have followed the standard
order of discussing first consumer theory and then producer theory, but
I’ve spent a bit more time on consumer theory thzn is normally the case.
This is not because I think that consumer theory is necessarily the most
important part of microeconomics; rather, I have found that this is the
material that students find the most mysterious, so I wanted to provide a
more detailed treatment of it.

Second, I've tried to put in a lot of examples of how to use the theory
described here. In most books, students look at a lot of diagrams of shifting
curves, but they don’t see much algebra, or much calculation of any sort for
that matter. But it is the algebra that is used to solve problems in practice.
Graphs can provide insight, but the real power of economic analysis comes
in calculating quantitative answers to economic problems. Every economics
student should be able to translate an economic story into an equation or
a numerical example, but all too often the development of this skill is
neglected. For this reason I have also provided a workbook that I feel is
an integral accompaniment to this book. The workbook was written with
my colleague Theodore Bergstrom, and we have put a lot of effort into
generating interesting and instructive problems. We think that it provides
an important aid to the student of microeconomics.

Third, I believe that the treatment of the topics in this book is more
accurate than is usually the case in intermediate micro texts. It is true
that I've sometimes chosen special cases to analyze when the general case
is too difficult, but I’ve tried to be honest about that when I did it. In
general, I've tried to spell out every step of each argument in detail. I
believe that the discussion I've provided is not only more complete and more
accurate than usual, but this attention to detail also makes the arguments

easier to understand than the loose discussion presented in many other
books.
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There Are Many Paths to Economic Enlightenment

There is more material in this book than can comfortably be taught in one
semester, so it is worthwhile picking and choosing carefully the material
that you want to study. If you start on page 1 and proceed through the
chapters in order, you will run out of time long before you reach the end
of the book. The modular structure of the book allows the instructor a
great deal of freedom in choosing how to present the material, and I hope
that more people will take advantage of this freedom. The following chart
illustrates the chapter dependencies.

The Market

7 A

Intertemporal Choice

[Asset Markets | [Consumer’s Surplus |  [Market Demand |

Revealed Preference

Slutsky Equation

Buying and Sellin

ilibrium

Auctions | |Information
Technology

[ Monopoly Behavior

The dark colored chapters are “core” chapters—they should probably be
covered in every intermediate microeconomics course. The light-colored
chapters are “optional” chapters: I cover some but not all of these every
semester. The gray chapters are chapters [ usually don’t cover in my course,
but they could easily be covered in other courses. A solid line going from
Chapter A to Chapter B means that Chapter A should be read before
chapter B. A broken line means that Chapter B requires knowing some
material in Chapter A, but doesn’t depend on it in a significant way.

I generally cover consumer theory and markets and then proceed directly
to producer theory. Another popular path is to do exchange right after
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consumer theory; many instructors prefer this route and I have gone to
some trouble to make sure that this path is possible.

Some people like to do producer theory before consumer theory. This is
possible with this text, but if you choose this path, you will need to sup-
plement the textbook treatment. The material on isoquants, for example,
assumes that the students have already seen indifference curves.

Much of the material on public goods, externalities, law, and information
can be introduced earlier in the course. I've arranged the material so that
it is quite easy to put it pretty much wherever you desire.

Similarly, the material on public goods can be introduced as an illus-
tration of Edgeworth box analysis. Externalities can be introduced right
after the discussion of cost curves, and topics from the information chapter
can be introduced almost anywhere after students are familiar with the
approach of economic analysis.

Changes for the Seventh Edition

i

L

consumer theory is still very useful in understandmg economic phenomena
it is also important to understand its limitations and behavioral economics
offers very useful insights for the economic analysis and policy.

I have also added many new updated examples from current news events.
My hope these examples will help students to learn to apply the concepts
they learn to the stories they read in the newspaper or see on TV.

In the fourth edition I added a chapter on information technology and
I have continued to develop that material in this edition. I describe some
economic models of information networks, of switching costs, and of rights
management for information goods. The point is to show how standard
economic techniques of the sort developed in this book can lend significant
insight into these issues.

The Test Bank and Workbook

The workbook, Workouts in Intermediate Microeconomics, is an integral
part of the course. It contains hundreds of fill-in-the-blank exercises that
lead the students through the steps of actually applying the tools they have
learned in the textbook. In addition to the exercises, Workouts contains a
collection of short multiple-choice quizzes based on the workbook problems
in each chapter. Answers to the quizzes are also included in Workouts.
These quizzes give a quick way for the student to review the material he
or she has learned by working the problems in the workbook.

But there is more ...instructors who have adopted Workouts for their
course can make use of the Test Bank offered with the textbook. The
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Test Bank contains several alternative versions of each Workouts quiz.
The questions in these quizzes use different numerical values but the same
internal logic. They can be used to provide additional problems for students
to practice on, or to give quizzes to be taken in class. Grading is quick
and reliable because the quizzes are multiple choice and can be graded
electronically.

In our course, we tell the students to work through all the quiz questions
for each chapter, either by themselves or with a study group. Then during
the term we have a short in-class quiz every other week or so, using the
alternative versions from the Test Bank. These are essentially the Work-
outs quizzes with different numbers. Hence, students who have done their
homework find it easy to do well on the quizzes.

We firmly believe that you can’t learn economics without working some
problems. The quizzes provided in Workouts and in the Test Bank make
the learning process much easier for both the student and the teacher.

A hard copy of the Test Bank is available from the publisher, as is the
textbook’s Instructor’s Manual, which includes my teaching suggestions
and lecture notes for each chapter of the textbook, and solutions to the
exercises in Workouts.

A number of other useful ancillaries are also available with this text-
book. These include a comprehensive set of PowerPoint slides, as well
as the Norton Economic News Service, which alerts students to economic
news related to specific material in the textbook. For information on
these and other ancillaries, please visit the homepage for the book at
http://wuw.wwnorton.com/varian.

The Production of the Book

The entire book was typeset by the author using TEX, the wonderful type-
setting system designed by Donald Knuth. [ worked on a Linux system
and using GNU emacs for editing, rcs for version control and the TpXLive
system for processing. I used makeindex for the index, and Trevor Darrell’s
pefig software for inserting the diagrams.

The book design was by Nancy Dale Muldoon, with some modifications
by Roy Tedoff and the author. Anne Hellman was the manuscript editor,
and Jack Repchek coordinated the whole effort in his capacity as editor.
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CHAPTER 1

THE MARKET

The conventional first chapter of a microeconormics book is a discussion of
the “scope and methods” of economics. Although this material can be very
interesting, it hardly seems appropriate to begin your study of economics
with such material. It is hard to appreciate such a discussion until you
have seen some examples of economic analysis in action.

So instead, we will begin this book with an example of economic analysis.
In this chapter we will examine a model of a particular market, the market
for apartments. Along the way we will introduce several new ideas and tools
of economics. Don’t worry if it all goes by rather quickly. This chapter
is meant only to provide a quick overview of how these ideas can be used.
Later on we will study them in substantially more detail.

1.1 Constructing a Model

Economics proceeds by developing models of social phenomena. By a
model we mean a simplified representation of reality. The emphasis here
is on the word “simple.” Think about how useless a map on a one-to-one
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scale would be. The same is true of an economic model that attempts to de-
scribe every aspect of reality. A model’s power stems from the elimination
of irrelevant detail, which allows the economist to focus on the essential
features of the economic reality he or she is attempting to understand.

Here we are interested in what determines the price of apartments, so
we want to have a simplified description of the apartment market. There
is a certain art to choosing the right simplifications in building a model. In
general we want to adopt the simplest model that is capable of describing
the economic situation we are examining. We can then add complications
one at a time, allowing the model to become more complex and, we hope,
more realistic.

The particular example we want to consider is the market for apartments
in a medium-size midwestern college town. In this town there are two
sorts of apartments. There are some that are adjacent to the university,
and others that are farther away. The adjacent apartments are generally
considered to be more desirable by students, since they allow easier access
to the university. The apartments that are farther away necessitate taking
a bus, or a long, cold bicycle ride, so most students would prefer a nearby
apartment ... if they can afford one.

We will think of the apartments as being located in two large rings sur-
rounding the university. The adjacent apartments are in the inner ring,
while the rest are located in the outer ring. We will focus exclusively on
the market for apartments in the inner ring. The outer ring should be inter-
preted as where people can go who don’t find one of the closer apartments.
We'll suppose that there are many apartments available in the outer ring,
and their price is fixed at some known level. We’ll be concerned solely with
the determination of the price of the inner-ring apartments and who gets
to live there.

An economist would describe the distinction between the prices of the two
kinds of apartments in this model by saying that the price of the outer-ring
apartments is an exogenous variable, while the price of the inner-ring
apartments is an endogenous variable. This means that the price of
the outer-ring apartments is taken as determined by factors not discussed
in this particular model, while the price of the inner-ring apartments is
determined by forces described in the model.

The first simplification that we’ll make in our model is that all apart-
ments are identical in every respect except for location. Thus it will
make sense to speak of “the price” of apartments, without worrying about
whether the apartments have one bedroom, or two bedrooms, or whatever.

But what determines this price? What determines who will live in
the inner-ring apartments and who will live farther out? What can be
said about the desirability of different economic mechanisms for allocating
apartments? What concepts can we use to judge the merit of different
assignments of apartments to individuals? These are all questions that we
want our model to address
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1.2 Optimization and Equilibrium

Whenever we try to explain the behavior of human beings we need to have
a framework on which our analysis can be based. In much of economics we
use a framework built on the following two simple principles.

The optimization principle: People try to choose the best patterns of
consumption that they can afford.

The equilibrium principle: Prices adjust until the amount that people
demand of something is equal to the amount that is supplied.

Let us consider these two principles. The first is almost tautological. If
people are free to choose their actions, it is reasonable to assume that they
try to choose things they want rather than things they don’t want. Of
course there are exceptions to this general principle, but they typically lie
outside the domain of economic behavior.,

The second notion is a bit more problematic. It is at least conceivable
that at any given time peoples’ demands and supplies are not compati-
ble, and hence something must be changing. These changes may take a
long time to work themselves out, and, even worse, they may induce other
changes that might “destabilize” the whole system. .

This kind of thing can happen ... but it usually doesni’t. In the case
of apartments, we typically see a fairly stable rental price from month to
month. It is this equilibrium price that we are interested in, not in how the
market gets to this equilibrium or how it might change over long periods
of time.

It is worth observing that the definition used for equilibrium may be
different in different models. In the case of the simple market we will
examine in this chapter, the demand and supply equilibrium idea will be
adequate for our needs. But in more general models we will need more
general definitions of equilibrium. Typically, equilibrium will require that
the economic agents’ actions must be consistent with each other.

How do we use these two principles to determine the answers to the
questions we raised above? It is time to introduce some economic concepts.

1.3 The Demand Curve

Suppose that we consider all of the possible renters of the apartments and
ask each of them the maximum amount that he or she would be willing to
pay to rent one of the apartments.

Let’s start at the top. There must be someone who is willing to pay
the highest price. Perhaps this person has a lot of money, perhaps he is
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very lazy and doesn’t want to walk far ... or whatever. Suppose that this
person is willing to pay $500 a month for an apartment.

If there is only one person who is willing to pay $500 a month to rent
an apartment, then if the price for apartments were $500 a month, exactly
one apartment would be rented—to the one person who was willing to pay
that price.

Suppose that the next highest price that anyone is willing to pay is $490.
Then if the market price were $499, there would still be only one apartment
rented: the person who was willing to pay $500 would rent an apartment,
but the person who was willing to pay $490 wouldn’t. And so it goes. Only
one apartment would be rented if the price were $498, $497, $496, and so
on ... until we reach a price of $490. At that price, exactly two apartments
would be rented: one to the $500 person and one to the $490 person.

Similarly, two apartments would be rented until we reach the maximum
price that the person with the third highest price would be willing to pay,
and so on.

Economists call a person’s maximum willingness to pay for something
that person’s reservation price. The reservation price is the highest
price that a given person will accept and still purchase the good. In other
words, a person’s reservation price is the price at which he or she is just
indifferent between purchasing or not purchasing the good. In our example,
if a person has a reservation price p it means that he or she would be just
indifferent between living in the inner ring and paying a price p and living
in the outer ring.

Thus the number of apartments that will be rented at a given price p*
will just be the number of people who have a reservation price greater than
or equal to p*. For if the market price is p*, then everyone who is willing
to pay at least p* for an apartment will want an apartment in the inner
ring, and everyone who is not willing to pay p* will choose to live in the
outer ring.

We can plot these reservation prices in a diagram as in Figure 1.1. Here
the price is depicted on the vertical axis and the number of people who are
willing to pay that price or more is depicted on the horizontal axis.

Another way to view Figure 1.1 is to think of it as measuring how many
people would want to rent apartments at any particular price. Such a curve
is an example of a demand curve—a curve that relates the quantity
demanded to price. When the market price is above $500, zero apart-
ments will be rented. When the price is between $500 and $490, one
apartment will be rented. When it is between $490 and the third high-
est reservation price, two apartments will be rented, and so on. The
demand curve describes the quantity demanded at each of the possible
prices.

The demand curve for apartments slopes down: as the price of apart-
ments decreases more people will be willing to rent apartments. If there are
many people and their reservation prices differ only slightly from person to
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person, it is reasonable to think of the demand curve as sloping smoothly
downward, as in Figure 1.2. The curve in Figure 1.2 is what the demand
curve in Figure 1.1 would look like if there were many people who want to
rent the apartments. The “jumps” shown in Figure 1.1 are now so small
relative to the size of the market that we can safely ignore them in drawing
the market demand curve.

1.4 The Supply Curve

We now have a nice graphical representation of demand behavior, so let us
turn to supply behavior. Here we have to think about the nature of the
market we are examining. The situation we will consider is where there are
many independent landlords who are each out to rent their apartments for
the highest price the market will bear. We will refer to this as the case of a
competitive market. Other sorts of market arrangements are certainly
possible, and we will examine a few later.

For now, let’s consider the case where there are many landlords who all
operate independently. It is clear that if all landlords are trying to do the
best they can and if the renters are fully informmed about the prices the
landlords charge, then the equilibrium price of all apartments in the inner
ring must be the same. The argument is not difficult. Suppose instead
that there is some high price, py, and some low price, p;, being charged

Figure
1.1
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for apartments. The people who are renting their apartments for a high
price could go to a landlord renting for a low price and offer to pay a rent
somewhere between pp and p;. A transaction at such a price would make
both the renter and the landlord better off. To the extent that all parties
are seeking to further their own interests and are aware of the alternative
prices being charged, a situation with different prices being charged for the
same good cannot persist in equilibrium.

But what will this single equilibrium price be? Let us try the method
that we used in our construction of the demand curve: we will pick a price
and ask how many apartments will be supplied at that price.

The answer depends to some degree on the time frame in which we are
examining the market. If we are considering a time frame of several years,
so that new construction can take place, the number of apartments will
certainly respond to the price that is charged. But in the “short run”—
within a given year, say—the number of apartments is more or less fixed.
If we consider only this short-run case, the supply of apartments will be
constant at some predetermined level.

The supply curve in this market is depicted in Figure 1.3 as a vertical
line. Whatever price is being charged, the same number of apartments wilt
be rented, namely, all the apartments that are available at that time.
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1.5 Market Equilibrium

We now have a way of representing the demand and the supply side of the
apartment market. Let us put them together and ask what the equilibrium
behavior of the market is. We do this by drawing both the demand and
the supply curve on the same graph in Figure 1.4.

In this graph we have used p* to denote the price where the quantity
of apartments demanded equals the quantity supplied. This is the equi-
librium price of apartments. At this price, each consumer who is willing
to pay at least p* is able to find an apartment to rent, and each landlord
will be able to rent apartments at the going market price. Neither the con-
sumers nor the landlords have any reason to change their behavior. This
is why we refer to this as an equilibrium: no change in behavior will be
observed.

To better understand this point, let us consider what would happen at
a price other than p*. For example, consider some price p < p* where
demand is greater than supply. Can this price persist? At this price at
least some of the landlords will have more renters than they can handle.
There will be lines of people hoping to get an apartment at that price;
there are more people who are willing to pay the price p than there are
apartments. Certainly some of the landlords would find it in their interest
to raise the price of the apartments they are offering.

Similarly, suppose that the price of apartments is some p greater than p*.
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Then some of the apartments will be vacant: there are fewer people who
are willing to pay p than there are apartments. Some of the landlords are
now in danger of getting no rent at all for their apartments. Thus they will
have an incentive to lower their price in order to attract more renters.

If the price is above p* there are too few renters: if it is below p* there are
too many renters. Only at the price of p* is the number of people who are
willing to rent at that price equal to the number of apartments available
for rent. Only at that price does demand egual supply.

At the price p* the landlords’ and the renters’ behaviors are compatible
in the sense that the number of apartments demanded by the renters at p*
is equal to the number of apartments supplied by the landlords. This is
the equilibrium price in the market for apartments.

Once we've determined the market price for the inner-ring apartments,
we can ask who ends up getting these apartments and who is exiled to the
farther-away apartments. In our model there is a very simple answer to
this question: in the market equilibrium everyone who is willing to pay p*
or more gets an apartment in the inner ring, and everyone who is willing
to pay less than p* gets one in the outer ring. The person who has a reser-
vation price of p* is just indifferent between taking an apartment in the
inner ring and taking one in the outer ring. The other people in the inner
ring are getting their apartments at less than the maximum they would be
willing to pay for them. Thus the assignment of apartments to renters is
determined by how much they are willing to pay.
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1.6 Comparative Statics

Now that we have an economic model of the apartment market, we can
begin to use it to analyze the behavior of the equilibrium price. For exam-
ple, we can ask how the price of apartments changes when various aspects
of the market change. This kind of an exercise is known as compara-
tive statics, because it involves comparing two “static” equilibria without
worrying about how the market moves from one equilibrium to another.

The movement from one equilibrium to another can take a substantial
amount of time, and questions about how such movement takes place can
be very interesting and important. But we must walk before we can run,
so we will ignore such dynamic questions for now. Comparative statics
analysis is only concerned with comparing equilibria, and there will be
enough questions to answer in this framework for the present.

Let’s start with a simple case. Suppose that the supply of apartments is
increased, as in Figure 1.5.

RESERVATION
PRICE

Old p*

New p*}-

: Demand

s s _ NUMBER OF APARTMENTS

Increasing the supply of apartments. ~ As the supply of |
apartments increases, the equilibrium price decreases. - -

It is easy to see in this diagram that the equilibrium price of apartments
will fall. Similarly, if the supply of apartments were reduced the equilibrium
price would rise.
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Let’s try a more complicated—and more interesting—example. Suppose
that a developer decides to turn several of the apartments into condomini-
ums. What will happen to the price of the remaining apartments?

Your first guess is probably that the price of apartments will go up,
since the supply has been reduced. But this isn’t necessarily right. It is
true that the supply of apartments to rent has been reduced. But the de-
mand for apartments has been reduced as well, since some of the people
who were renting apartments may decide to purchase the new condomini-
ums.

It is natural to assume that the condominium purchasers come from
those who already live in the inner-ring apartments—those people who
are willing to pay more than p* for an apartment. Suppose, for example,
that the demanders with the 10 highest reservation prices decide to buy
condos rather than rent apartments. Then the new demand curve is just
the old demand curve with 10 fewer demanders at each price. Since there
are also 10 fewer apartments to rent, the new equilibrium price is just
what it was before, and exactly the same people end up living in the inner-
ring apartments. This situation is depicted in Figure 1.6. Both the demand
curve and the supply curve shift left by 10 apartments, and the equilibrium
price remains unchanged.

4 RESERVATION = |

- Effect of creatmg candommiams If cie_
-+ both shift ieft by the same ameunt the eq:
S changed -
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Most people find this result surprising. They tend to see just the reduc-
tion in the supply of apartments and don’t think about the reduction in
demand. The case we’ve considered is an extreme one: all of the condo pur-
chasers were former apartment dwellers. But the other case—where none
of the condo purchasers were apartment dwellers—is even more extreme.

The model, simple though it is, has led us to an important insight. If we
want to determine how conversion to condominiums will affect the apart-
ment market, we have to consider not only the effect on the supply of
apartments but also the effect on the demand for apartments.

Let’s consider another example of a surprising comparative statics anal-
ysis: the effect of an apartment tax. Suppose that the city council decides
that there should be a tax on apartments of $50 a year. Thus each landlord
will have to pay $50 a year to the city for each apartment that he owns.
What will this do to the price of apartments?

Most people would think that at least some of the tax would get passed
along to apartment renters. But, rather surprisingly, that is not the case.
In fact, the equilibrium price of apartments will remain unchanged!

In order to verify this, we have to ask what happens to the demand curve
and the supply curve. The supply curve doesn’t change —there are just as
many apartments after the tax as before the tax. And the demand curve
doesn’t change either, since the number of apartments that will be rented
at each different price will be the same as well. If neither the demand curve
nor the supply curve shifts, the price can’t change as a result of the tax.

Here is a way to think about the effect of this tax. Before the tax is
imposed, each landlord is charging the highest price that he can get that
will keep his apartments occupied. The equilibrium price p* is the highest
price that can be charged that is compatible with all of the apartments
being rented. After the tax is imposed can the landlords raise their prices to
compensate for the tax? The answer is no: if they could raise the price and
keep their apartments occupied, they would have already done so. If they
were charging the maximum price that the market could bear, the landlords
couldn’t raise their prices any more: none of the tax can get passed along
to the renters. The landlords have to pay the entire amount of the tax.

This analysis depends on the assumption that the supply of apartments
remains fixed. If the number of apartments can vary as the tax changes,
then the price paid by the renters will typically change. We’ll examine this
kind of behavior later on, after we've built up some more powerful tools
for analyzing such problems.

1.7 Other Ways to Allocate Apartments

In the previous section we described the equilibrium for apartments in
a competitive market. But this is only one of many ways to allocate a
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resource; in this section we describe a few other ways. Some of these may
sound rather strange, but each will illustrate an important economic point.

The Discriminating Monopolist

First, let us consider a situation where there is one dominant landlord who
owns all of the apartments. Or, alternatively, we could think of a number
of individual landlords getting together and coordinating their actions to
act as one. A situation where a market is dominated by a single seller of a
product is known as a monopoly.

In renting the apartments the landlord could decide to auction them off
one by one to the highest bidders. Since this means that different people
would end up paying different prices for apartments, we will call this the
case of the discriminating monopolist. Let us suppose for simplicity
that the discriminating monopolist knows each person’s reservation price
for apartments. (This is not terribly realistic, but it will serve to illustrate
an important point.)

This means that he would rent the first apartment to the fellow who
would pay the most for it, in this case $500. The next apartment would go
for $490 and so on as we moved down the demand curve. Each apartment
would be rented to the person who was willing to pay the most for it.

Here is the interesting feature of the discriminating monopolist: ezactly
the same people will get the apartments as in the case of the market solution,
namely, everyone who valued an apartment at more than p*. The last
person to rent an apartment pays the price p*—the same as the equilibrium
price in a competitive market. The discriminating monopolist’s attempt to
maximize his own profits leads to the same allocation of apartments as the
supply and demand mechanism of the competitive market. The amount the
people pay is different, but who gets the apartments is the same. It turns
out that this is no accident, but we’ll have to wait until later to explain
the reason.

The Ordinary Monopolist

We assumed that the discriminating monopolist was able to rent each apart-
ment at a different price. But what if he were forced to rent all apartments
at the same price? In this case the monopolist faces a tradeoff: if he chooses
a low price he will rent more apartments, but he may end up making less
money than if he sets a higher price.

Let us use D(p) to represent the demand function—the number of apart-
ments demanded at price p. Then if the monopolist sets a price p, he will
rent D{p) apartments and thus receive a revenue of pD(p). The revenue
that the monopolist receives can be thought of as the area of a box: the
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height of the box is the price p and the width of the box is the number of
apartments D(p). The product of the height and the width—the area of
the box—is the revenue the monopolist receives. This is the box depicted
in Figure 1.7.

PRICE

Supply

. Demand
D) s NUMBER OF APARTMENTS

Revenue box. The revenue received by the monopolist is just
the price times the quantity, which can be interpreted as the
area, of the box illustrated. ' '

If the monopolist has no costs associated with renting an apartment, he
would want to choose a price that has the largest associated revenue box.
The largest revenue box in Figure 1.7 occurs at the price p. In this case
the monopolist will find it in his interest not to rent all of the apartments.
In fact this will generally be the case for a monopolist. The monopolist
will want to restrict the output available in order to maximize his profit.
This means that the monopolist will generally want to charge a price that
is higher than the equilibrium price in a competitive market, p*. In the
case of the ordinary monopolist, fewer apartments will be rented, and each
apartment will be rented at a higher price than in the competitive market.

Rent Control

A third and final case that we will discuss will be the case of rent control.
Suppose that the city decides to impose a maximum rent that can be
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charged for apartments, say pyqe.. We suppose that the price ppq. is less
than the equilibrium price in the competitive market, p*. If this is so we
would have a situation of excess demand: there are more people who are
willing to rent apartments at p,,., than there are apartments available.
Who will end up with the apartments?

The theory that we have described up until now doesn’t have an answer
to this question. We can describe what will happen when supply equals
demand, but we don’t have enough detail in the model to describe what
will happen if supply doesn’t equal demand. The answer to who gets the
apartments under rent control depends on who has the most time to spend
looking around, who knows the current tenants, and so on. All of these
things are outside the scope of the simple model we've developed. It may
be that exactly the same people get the apartments under rent control as
under the competitive market. But that is an extremely unlikely outcome.
It is much more likely that some of the formerly outer-ring people will
end up in some of the inner-ring apartments and thus displace the people
who would have been living there under the market system. So under rent
control the same number of apartments will be rented at the rent-controlled
price as were rented under the competitive price: they’ll just be rented to
different people.

1.8 Which Way Is Best?

We’ve now described four possible ways of allocating apartments to people:

e The competitive market.

e A discriminating monopolist.
e An ordinary monopolist.

¢ Rent control.

These are four different economic institutions for allocating apartments.
Each method will result in different people getting apartments or in differ-
ent prices being charged for apartments. We might well ask which economic
institution is best. But first we have to define “best.” What criteria might
we use to compare these ways of allocating apartments?

One thing we can do is to look at the economic positions of the people
involved. It is pretty obvious that the owners of the apartments end up
with the most money if they can act as discriminating monopolists: this
would generate the most revenues for the apartment owner(s). Similarly
the rent-control solution is probably the worst situation for the apartment
owners.

What about the renters? They are probably worse off on average in
the case of a discriminating monopolist—most of them would be paying a
higher price than they would under the other ways of allocating apartments.
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Are the consumers better off in the case of rent control? Some of them are:
the consumers who end up getting the apartments are better off than they
would be under the market solution. But the ones who didn’t get the
apartments are worse off than they would be under the market solution.

What we need here is a way to look at the economic position of all the
parties involved-—all the renters and all the landlords. How can we examine
the desirability of different ways to allocate apartments, taking everybody
into account? What can be used as a criterion for a “good” way to allocate
apartments taking into account all of the parties involved?

1.9 Pareto Efficiency

One useful criterion for comparing the outcomes of different economic insti-
tutions is a concept known as Pareto efficiency or economic efficiency.’ We
start with the following definition: if we can find a way to make some people
better off without making anybody else worse off, we have a Pareto im-
provement. If an allocation allows for a Pareto improvement, it is called
Pareto inefficient; if an allocation is such that no Pareto improvements
are possible, it is called Pareto efficient.

A Pareto inefficient allocation has the undesirable feature that there is
some way to make somebody better off without hurting anyone else. There
may be other positive things about the allocation, but the fact that it is
Pareto inefficient is certainly one strike against it. If there is a way to make
someone better off without hurting anyone else, why not do it?

The idea of Pareto efficiency is an important one in economics and we
will examine it in some detail later on. It has many subtle implications
that we will have to investigate more slowly, but we can get an inkling of
what is involved even now.

Here is a useful way to think about the idea of Pareto efficiency. Sup-
pose that we assigned the renters to the inner- and outer-ring apartments
randomly, but then allowed them to sublet their apartments to each other.
Some people who really wanted to live close in might, through bad luck, end
up with an outer-ring apartment. But then they could sublet an inner-ring
apartment from someone who was assigned to such an apartment but who
didn’t value it as highly as the other person. If individuals were assigned
randomly to apartments, there would generally be some who would want
to trade apartments, if they were sufficiently compensated for doing so.

For example, suppose that person A is assigned an apartment in the inner
ring that he feels is worth $200, and that there is some person B in the outer
ring who would be willing to pay $300 for A’s apartment. Then there is a

! Pareto efficiency is named after the nineteenth-century economist and sociologist
Vilfredo Pareto (1848-1923) who was one of the first to examine the implications of
this idea.
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“gain from trade” if these two agents swap apartments and arrange a side
payment from B to A of some amount of money between $200 and $300.
The exact amount of the transaction isn't important. What is important
is that the people who are willing to pay the most for the apartments get
them—otherwise, there would be an incentive for someone who attached a
low value to an inner-ring apartment to make a trade with someone who
placed a high value on an inner-ring apartment.

Suppose that we think of all voluntary trades as being carried out so
that all gains from trade are exhausted. The resulting allocation must be
Pareto efficient. If not, there would be some trade that would make two
people better off without hurting anyone else—but this would contradict
the assumption that all voluntary trades had been carried out. An alloca-
tion in which all voluntary trades have been carried out is a Pareto efficient
allocation.

1.10 Comparing Ways to Allocate Apartments

The trading process we’ve described above is so general that you wouldn’t
think that anything much could be said about its outcome. But there is
one very interesting point that can be made. Let us ask who will end up
with apartments in an allocation where all of the gains from trade have
been exhausted.

To see the answer, just note that anyone who has an apartment in the
inner ring must have a higher reservation price than anyone who has an
apartment in the outer ring—otherwise, they could make a trade and make
both people better off. Thus if there are § apartments to be rented, then
the S people with the highest reservation prices end up getting apartments
in the inner ring. This allocation is Pareto efficient—anything else is not,
since any other assignment of apartments to people would allow for some
trade that would make at least two of the people better off without hurting
anyone else.

Let us try to apply this criterion of Pareto efficiency to the outcomes of
the various resource allocation devices mentioned above. Let’s start with
the market mechanism. It is easy to see that the market mechanism assigns
the people with the S highest reservation prices to the inner ring—namely,
those people who are willing to pay more than the equilibrium price, p*,
for their apartments. Thus there are no further gains from trade to be
had once the apartments have been rented in a competitive market. The
outcome of the competitive market is Pareto efficient.

What about the discriminating monopolist? Is that arrangement Pareto
efficient? To answer this question, simply observe that the discriminat-
ing monopolist assigns apartments to exactly the same people who receive
apartments in the competitive market. Under each system everyone who is
willing to pay more than p* for an apartment gets an apartment. Thus the
discriminating monopolist generates a Pareto efficient outcome as well.
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Although both the competitive market and the discriminating monop-
olist generate Pareto efficient outcomes in the sense that there will be no
further trades desired, they can result in quite different distributions of
income. Certainly the consumners are much worse off under the discrimi-
nating monopolist than under the competitive market, and the landlord(s)
are much better off. In general, Pareto efficiency doesn’t have much to say
about distribution of the gains from trade. It is only concerned with the
efficiency of the trade: whether all of the possible trades have been made.

What about the ordinary monopolist who is constrained to charge just
one price? It turns out that this situation is not Pareto efficient. All we
have to do to verify this is to note that, since all the apartments will not in
general be rented by the monopolist, he can increase his profits by renting
an apartment to someone who doesn’t have one at any positive price. There
is some price at which both the monopolist and the renter must be better
off. As long as the monopolist doesn’t change the price that anybody else
pays, the other renters are just as well off as they were before. Thus we
have found a Pareto improvement-—a way to make two parties better
off without making anyone else worse off.

The final case is that of rent control. This also turns out not to be Pareto
efficient. The argument here rests on the fact that an arbitrary assignment
of renters to apartments will generally involve someone living in the inner
ring (say Mr. In) who is willing to pay less for an apartment than someone
living in the outer ring (say Ms. Out). Suppose that Mr. In’s reservation
price is $300 and Ms. Out’s reservation price is $500.

We need to find a Pareto improvement—a way to make Mr. In and
Ms. Out better off without hurting anyone else. But there is an easy way
to do this: just let Mr. In sublet his apartment to Ms. Out. It is worth $500
to Ms. Out to live close to the university, but it is only worth $300 to Mr. In.
If Ms. Out pays Mr. In $400, say, and trades apartments, they will both be
better off: Ms. Out will get an apartment that she values at more than $400,
and Mr. In will get $400 that he values more than an inner-ring apartment.

This example shows that the rent-controlled market will generally not
result in a Pareto efficient allocation, since there will still be some trades
that could be carried out after the market has operated. As long as some
people get inner-ring apartments who value them less highly than people
who don’t get them, there will be gains to be had from trade.

1.11 Equilibrium in the Long Run

We have analyzed the equilibrium pricing of apartments in the short run—
when there is a fixed supply of apartments. But in the long run the supply
of apartments can change. Just as the demand curve measures the number
of apartments that will be demanded at different prices, the supply curve
measures the number of apartments that will be supplied at different prices.
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The final determination of the market price for apartments will depend on
the interaction of supply and demand.

And what is it that determines the supply behavior? In general, the
number of new apartments that will be supplied by the private market will
depend on how profitable it is to provide apartments, which depends, in
part, on the price that landlords can charge for apartments. In order to
analyze the behavior of the apartment market in the long run, we have
to examine the behavior of suppliers as well as demanders, a task we will
eventually undertake.

When supply is variable, we can ask questions not only about who gets
the apartments, but about how many wili be provided by various types of
market institutions. Will a monopolist supply more or fewer apartments
than a competitive market? Will rent control increase or decrease the equi-
librium number of apartments? Which institutions will provide a Pareto
efficient number of apartments? In order to answer these and similar ques-
tions we must develop more systematic and powerful tools for economic
analysis.

Summary

1. Economics proceeds by making models of social phenomena, which are
simplified representations of reality.

2. In this task, economists are guided by the optimization principle, which
states that people typically try to choose what’s best for them, and by the
equilibrium principle, which says that prices will adjust until demand and
supply are equal.

3. The demand curve measures how much people wish to demand at each
price, and the supply curve measures how much people wish to supply at
each price. An equilibrium price is one where the amount demanded equals
the amount supplied.

4. The study of how the equilibrium price and quantity change when the
underlying conditions change is known as comparative statics.

5. An economic situation is Pareto efficient if there is no way to make some
group of people better off without making some other group of people worse
off. The concept of Pareto efliciency can be used to evaluate different ways
of allocating resources.
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REVIEW QUESTIONS

1. Suppose that there were 25 people who had a reservation price of $500,
and the 26th person had a reservation price of $200. What would the
demand curve look like?

2. In the above example, what would the equilibrium price be if there were
24 apartments to rent? What if there were 26 apartments to rent? What
if there were 25 apartments to rent?

3. If people have different reservation prices, why does the market demand
curve slope down?

4. In the text we assumed that the condominium purchasers came from
the inner-ring people—people who were already renting apartments. What
would happen to the price of inner-ring apartments if all of the condo-
minium purchasers were outer-ring people—the people who were not cur-
rently renting apartments in the inner ring?

5. Suppose now that the condominium purchasers were all inner-ring peo-
ple, but that each condominium was constructed from two apartments.
What would happen to the price of apartments?

6. What do you suppose the effect of a tax would be on the number of
apartments that would be built in the long run?

7. Suppose the demand curve is D(p) = 100 — 2p. What price would the
monopolist set if he had 60 apartments? How many would he rent? What
price would he set if he had 40 apartments? How many would he rent?

8. If our model of rent control allowed for unrestricted subletting, who
would end up getting apartments in the inner circle? Would the outcome
be Pareto efficient?



CHAPTER 2

BUDGET
CONSTRAINT

The economic theory of the consumer is very simple: economists assume
that consumers choose the best bundle of goods they can afford. To give
content to this theory, we have to describe more precisely what we mean by
“best” and what we mean by “can afford.” In this chapter we will examine
how to describe what a consumer can afford; the next chapter will focus on
the concept of how the consumer determines what is best. We will then be
able to undertake a detailed study of the implications of this simple model
of consumer behavior.

2.1 The Budget Constraint

We begin by examining the concept of the budget constraint. Suppose
that there is some set of goods from which the consumer can choose. In
real life there are many goods to consume, but for our purposes it is conve-
nient to consider only the case of two goods, since we can then depict the
consumer’s choice behavior graphically.

We will indicate the consumer’s consumption bundle by (z, z5). This
is simply a list of two numbers that tells us how much the consumer is choos-
ing to consume of good 1, x;, and how much the consumer is choosing to
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consume of good 2, x5. Sometimes it is convenient to denote the consumer’s
bundle by a single symbol like X, where X is simply an abbreviation for
the list of two numbers (z;, z2).

We suppose that we can observe the prices of the two goods, (p1,p2),
and the amount of money the consumer has to spend, m. Then the budget
constraint of the consumer can be written as

P11 + Pere < M. (2.1)

Here pyz; is the amount of money the consumer is spending on good 1,
and poxs is the amount of money the consumer is spending on good 2.
The budget constraint of the consumer requires that the amount of money
spent on the two goods be no more than the total amount the consumer has
to spend. The consumer’s affordable consumption bundles are those that
don’t cost any more than m. We call this set of affordable consumption
bundles at prices (pi,p2) and income m the budget set of the consumer.

2.2 Two Goods Are Often Enough

The two-good assumption is more general than you might think at first,
since we can often interpret one of the goods as representing everything
else the consumer might want to consume.

For example, if we are interested in studying a consumer’s demand for
milk, we might let £, measure his or her consumption of milk in quarts per
month. We can then let x, stand for everything else the consumer might
want to consume.

When we adopt this interpretation, it is convenient to think of good 2
as being the dollars that the consumer can use to spend on other goods.
Under this interpretation the price of good 2 will automatically be 1, since
the price of one dollar is one dollar. Thus the budget constraint will take
the form

P1Z1 + T2 <M. (2.2)

This expression simply says that the amount of money spent on good 1,
p1x1, plus the amount of money spent on all other goods, z,, must be no
more than the total amount of money the consumer has to spend, m.

We say that good 2 represents a composite good that stands for ev-
erything else that the consumer might want to consume other than good
1. Such a composite good is invariably measured in dollars to be spent
on goods other than good 1. As far as the algebraic form of the budget
constraint is concerned, equation (2.2) is just a special case of the formula
given in equation (2.1), with ps = 1, so everything that we have to say
about the budget constraint in general will hold under the composite-good
interpretation.
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2.3 Properties of the Budget Set
The budget line is the set of bundles that cost exactly m:
P1T1 + p2X2 = M. (2.3)
These are the bundles of goods that just exhaust the consumer’s income.
The budget set is depicted in Figure 2.1. The heavy line is the budget

line—the bundles that cost exactly m—and the bundles below this line are
those that cost strictly less than m.

X3

Vertical
intercept
= m/p, - Budget line;

slope = - p, /p,

‘Horizontal intercept = m/p, X

The budget set. The budget set consists of all bundles that
are affordable at the given prices and income.

We can rearrange the budget line in equation (2.3) to give us the formula

Ty = L. z2:::1. (2.4)
b2 P2

This is the formula for a straight line with a vertical intercept of m/ps;
and a slope of —p; /pz. The formula tells us how many units of good 2 the
consumer needs to consume in order to just satisfy the budget constraint
if she is consuming x; units of good 1.
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Here is an easy way to draw a budget line given prices (p1, p2) and income
m. Just ask yourself how much of good 2 the consumer could buy if she
spent all of her money on good 2. The answer is, of course, m/ps. Then
ask how much of good 1 the consumer could buy if she spent all of her
money on good 1. The answer is m/p;. Thus the horizontal and vertical
intercepts measure how much the consumer could get if she spent all of her
money on goods 1 and 2, respectively. In order to depict the budget line
just plot these two points on the appropriate axes of the graph and connect
them with a straight line.

The slope of the budget line has a nice economic interpretation. It mea-
sures the rate at which the market is willing to “substitute” good 1 for
good 2. Suppose for example that the consumer is going to increase her
consumption of good 1 by Az;.! How much will her consumption of good
2 have to change in order to satisfy her budget constraint? Let us use Az,
to indicate her change in the consumption of good 2.

Now note that if she satisfies her budget constraint before and after
making the change she must satisfy

P1T1 +PpaTy =M

and
p1(xy + Azry) + pa(z2 + Azs) = m.

Subtracting the first equation from the second gives
ATy + paAxs = 0.

This says that the total value of the change in her consumption must be
zero. Solving for Axy/Axy, the rate at which good 2 can be substituted
for good 1 while still satisfying the budget constraint, gives

Axs m

Az P2

This is just the slope of the budget line. The negative sign is there since
Az, and Ax, must always have opposite signs. If you consume more of
good 1, you have to consume less of good 2 and vice versa if you continue
to satisfy the budget constraint.

Economists sometimes say that the slope of the budget line measures
the opportunity cost of consuming good 1. In order to consume more of
good 1 you have to give up some consumption of good 2. Giving up the
opportunity to consume good 2 is the true economic cost of more good 1
consumption; and that cost is measured by the slope of the budget line.

1 The Greek letter A, delta, is pronounced “del-ta.” The notation Az; denotes the
change in good 1. For more on changes and rates of changes, see the Mathematical
Appendix.
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2.4 How the Budget Line Changes

When prices and incomes change, the set of goods that a consumer can
afford changes as well. How do these changes affect the budget set?

Let us first consider changes in income. It is easy to see from equation
(2.4) that an increase in income will increase the vertical intercept and not
affect the slope of the line. Thus an increase in income will result in a par-
allel shift outward of the budget line as in Figure 2.2. Similarly, a decrease
in income will cause a parallel shift inward.

X2

| m7p N

N Budget lines

\Slope =-py/p;

- Increasing income. An increase in income causes a parallel
shift outward of the budget line. ‘

What about changes in prices? Let us first consider increasing price
1 while holding price 2 and income fixed. According to equation (2.4),
increasing p; will not change the vertical intercept, but it will make the
budget line steeper since py /p2 will become larger.

Another way to see how the budget line changes is to use the trick de-
scribed earlier for drawing the budget line. If you are spending all of
your money on good 2, then increasing the price of good 1 doesn’t change
the maximum amount of good 2 you could buy—thus the vertical inter-
cept of the budget line doesn’t change. But if you are spending all of
your money on good 1, and good 1 becomes more expensive, then your
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consumption of good 1 must decrease. Thus the horizontal intercept of
the budget line must shift inward, resulting in the tilt depicted in Fig-
ure 2.3.

Xz

mpy

" . Budget lines

mp; m/p, X

Increasing price. If good 1 becomes more expensive, the
budget line becomes steeper.

What happens to the budget line when we change the prices of good 1
and good 2 at the same time? Suppose for example that we double the
prices of both goods 1 and 2. In this case both the horizontal and vertical
intercepts shift inward by a factor of one-half, and therefore the budget
line shifts inward by one-half as well. Multiplying both prices by two is
just like dividing income by 2.

We can also see this algebraically. Suppose our original budget line is

1Ty + Pexe = m.

Now suppose that both prices become ¢ times as large. Multiplying both
prices by t yields
tpiry + tpgmg =m.

But this equation is the same as

m
P1T1 + P2xo = '

Thus multiplying both prices by a constant amount t is just like dividing
income by the same constant ¢. It follows that if we multiply both prices
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by t and we multiply income by ¢, then the budget line won’t change at
all.

We can also consider price and income changes together. What happens
if both prices go up and income goes down? Think about what happens to
the horizontal and vertical intercepts. If m decreases and p; and p» both
increase, then the intercepts m/p; and m/p; must both decrease. This
means that the budget line will shift inward. What about the slope of
the budget line? If price 2 increases more than price 1, so that —p;/p2
decreases (in absolute value), then the budget line will be flatter; if price 2
increases less than price 1, the budget line will be steeper.

2.5 The Numeraire

The budget line is defined by two prices and one income, but one of these
variables is redundant. We could peg one of the prices, or the income, to
some fixed value, and adjust the other variables so as to describe exactly
the same budget set. Thus the budget line

P1TL + P2x2 =M

is exactly the same budget line as

m
?ﬂml +x9=—
P2 D2

or
1 D2

—I + &y = 1,

m m
since the first budget line results from dividing everything by ps, and the
second budget line results from dividing everything by m. In the first case,
we have pegged p, = 1, and in the second case, we have pegged m = 1.
Pegging the price of one of the goods or income to 1 and adjusting the
other price and income appropriately doesn’t change the budget set at all.

When we set one of the prices to 1, as we did above, we often refer to that

price as the numeraire price. The numeraire price is the price relative to
which we are measuring the other price and income. It will occasionally be
convenient to think of one of the goods as being a numeraire good, since
there will then be one less price to worry about.

2.6 Taxes, Subsidies, and Rationing
Economic policy often uses tools that affect a consumer’s budget constraint,

such as taxes. For example, if the government imposes a quantity tax, this
means that the consumer has to pay a certain amount to the government
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for each unit of the good he purchases. In the U.S., for example, we pay
about 15 cents a gallon as a federal gasoline tax.

How does a quantity tax affect the budget line of a consumer? From
the viewpoint of the consumer the tax is just like a higher price. Thus a
quantity tax of ¢ dollars per unit of good 1 simply changes the price of good
1 from p; to pp +1. As we've seen above, this implies that the budget line
must get steeper.

Another kind of tax is a value tax. As the name implies this is a tax
on the value—the price—of a good, rather than the quantity purchased of
a good. A value tax is usually expressed in percentage terms. Most states
in the U.S. have sales taxes. If the sales tax is 6 percent, then a good that
is priced at $1 will actually sell for $1.06. {Value taxes are also known as
ad valorem taxes.)

If good 1 has a price of p; but is subject to a sales tax at rate 7, then
the actual price facing the consumer is (1 + 7)p;.? The consumer has to
pay p; to the supplier and 7p; to the government for each unit of the good
so the total cost of the good to the consumer is (1 4 7)ps.

A subsidy is the opposite of a tax. In the case of a quantity subsidy,
the government gives an amount to the consumer that depends on the
amount of the good purchased. If, for example, the consumption of milk
were subsidized, the government would pay some amount of money to each
consumer of milk depending on the amount that consumer purchased. If
the subsidy is s dollars per unit of consumption of good 1, then from the
viewpoint of the consumer, the price of good 1 would be p; —s. This would
therefore make the budget line flatter.

Similarly an ad valorem subsidy is a subsidy based on the price of the
good being subsidized. If the government gives you back $1 for every $2
you donate to charity, then your donations to charity are being subsidized
at a rate of b0 percent. In general, if the price of good 1 is p; and good 1 is
subject to an ad valorem subsidy at rate o, then the actual price of good 1
facing the consumer is (1 — o)p;.?

You can see that taxes and subsidies affect prices in exactly the same
way except for the algebraic sign: a tax increases the price to the consumer,
and a subsidy decreases it.

Another kind of tax or subsidy that the government might use is a lump-
sum tax or subsidy. In the case of a tax, this means that the government
takes away some fixed amount of money, regardless of the individual’s be-
havior. Thus a lump-sum tax means that the budget line of a consumer
will shift inward because his money income has been reduced. Similarly, a
lump-sum subsidy means that the budget line will shift outward. Quantity
taxes and value taxes tilt the budget line one way or the other depending

2 The Greek letter 7, tau, rhymes with “wow.”

3 The Greek letter o is pronounced “sig-ma.”
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on which good is being taxed, but a lump-sum tax shifts the budget line
inward.

Governments also sometimes impose rationing constraints. This means
that the level of consumption of some good is fixed to be no larger than
some amount. For example, during World War II the U.S. government
rationed certain foods like butter and meat.

Suppose, for example, that good 1 were rationed so that no more than
T1 could be consumed by a given consumer. Then the budget set of the
consumer would look like that depicted in Figure 2.4: it would be the old
budget set with a piece lopped off. The lopped-off piece consists of all the
consumption bundles that are affordable but have x, > 7.

Budget line

X4 X1

Budget set with rationing. If good 1 is rationed, the section
of the budget set beyond the rationed quantity will be lopped
off.

Sometimes taxes, subsidies, and rationing are combined. For example,
we could consider a situation where a consumer could consume good 1
at a price of p; up to some level Ty, and then had to pay a tax ¢t on all
consumption in excess of Z;. The budget set for this consumer is depicted
in Figure 2.5. Here the budget line has a slope of —p; /p2 to the left of 7,
and a slope of —(p; + t)/p2 to the right of T;.
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X2

Budget line

lope =—(p + _”/P:z'

; g
set

X e
Taxing consumption greater than %.. In this budget _
- the consumer must pay a tax only on the consumption of good =
1 that is in excess of Z1, so the budget line becomes steeper to
the right of ;. - ' ‘

EXAMPLE: The Food Stamp Program

Since the Food Stamp Act of 1964 the U.S. federal government has provided
a subsidy on food for poor people. The details of this program have been
adjusted several times. Here we will describe the economic effects of one
of these adjustments.

Before 1979, households who met certain eligibility requirements were
allowed to purchase food stamps, which could then be used to purchase food
at retail outlets. In January 1975, for example, a family of four could receive
a maximum monthly allotment of $153 in food coupons by participating in
the program,

The price of these coupons to the household depended on the household
income. A family of four with an adjusted monthly income of $300 paid
$83 for the full monthly allotment of food stamps. If a family of four had
a monthly income of $100, the cost for the full monthly allotment would
have been $25.*

The pre-1979 Food Stamp program was an ad valorem subsidy on food.
The rate at which food was subsidized depended on the household income.

4 These figures are taken from Kenneth Clarkson, Food Stamps and Nutrition, Ameri-
can Enterprise Institute, 1975.
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The family of four that was charged $83 for their allotment paid $1 to
receive $1.84 worth of food (1.84 equals 153 divided by 83). Similarly, the
household that paid $25 was paying $1 to receive $6.12 worth of food (6.12
equals 153 divided by 25).

The way that the Food Stamp program affected the budget set of a
household is depicted in Figure 2.6A. Here we have measured the amount
of money spent on food on the horizontal axis and expenditures on all other
goods on the vertical axis. Since we are measuring each good in terms of
the money spent on it, the “price” of each good is automatically 1, and the
budget line will therefore have a slope of 1.

If the household is allowed to buy $153 of food stamps for $25, then this
represents roughly an 84 percent (= 1—25/153) subsidy of food purchases,
so the budget line will have a slope of roughly —.16 (= 25/153) until the
household has spent $153 on food. Each dollar that the household spends
on food up to $153 would reduce its consumption of other goods by about
16 cents. After the household spends $153 on food, the budget line facing
it would again have a slope of —1.

OTHER OTHER
COoODs Goabs Budget line
Budget line with food
with food stamps
stamps Budget Budget
line line
withotit without
food food

stamps stamps
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Food stamps. How the bitdget line is affected by the Food
Stamp program. Part A shows the pre-1979 program and part
B the post-1979 program.

These effects lead to the kind of “kink” depicted in Figure 2.6. House-
holds with higher incomes had to pay more for their allotment of food
stamps. Thus the slope of the budget line would become steeper as house-
hold income increased.

In 1979 the Food Stamp program was modified. Instead of requiring that
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households purchase food stamps, they are now simply given to qualified
households. Figure 2.6B shows how this affects the budget set.

Suppose that a household now receives a grant of $200 of food stamps a
month. Then this means that the household can consume $200 more food
per month, regardless of how much it is spending on other goods, which
implies that the budget line will shift to the right by $200. The slope
will not change: $1 less spent on food would mean $1 more to spend on
other things. But since the household cannot legally sell food stamps, the
maximnum amount that it can spend on other goods does not change. The
Food Stamp program is effectively a lump-sum subsidy, except for the fact
that the food stamps can’t be sold.

2.7 Budget Line Changes

In the next chapter we will analyze how the consumer chooses an optimal
consumption bundle from his or her budget set. But we can already state
some observations here that follow from what we have learned about the
movements of the budget line.

First, we can observe that since the budget set doesn’t change when we
multiply all prices and income by a positive number, the optimal choice of
the consumer from the budget set can’t change either. Without even ana-
lyzing the choice process itself, we have derived an important conclusion:
a perfectly balanced inflation-—one in which all prices and all incomes rise
at the same rate—doesn’t change anybody’s budget set, and thus cannot
change anybody’s optimal choice.

Second, we can make some statements about how well-off the consumer
can be at different prices and incomes. Suppose that the consumer’s income
increases and all prices remain the same. We know that this represents a
parallel shift outward of the budget line. Thus every bundle the consumer
was consuming at the lower income is also a possible choice at the higher
income. But then the consumer must be at least as well-off at the higher
income as at the lower income—since he or she has the same choices avail-
able as before plus some more. Similarly, if one price declines and all others
stay the same, the consumer must be at least as well-off. This simple ob-
servation will be of considerable use later on.

Summary

1. The budget set consists of all bundles of goods that the consumer can
afford at given prices and income. We will typically assume that there are
only two goods, but this assumption is more general than it seems.

2. The budget line is written as pyx, +paxe = m. It has a slope of —p1/p2,
a vertical intercept of m/po, and a horizontal intercept of m/py.
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3. Increasing income shifts the budget line outward. Increasing the price
of good 1 makes the budget line steeper. Increasing the price of good 2
makes the budget line flatter.

4. Taxes, subsidies, and rationing change the slope and position of the
budget line by changing the prices paid by the consumer.

REVIEW QUESTIONS

1. Originally the consumer faces the budget line pyx, + p2z2 = m. Then
the price of good 1 doubles, the price of good 2 becomes 8 times larger,
and income becomes 4 times larger. Write down an equation for the new
budget line in terms of the original prices and income.

2. What happens to the budget line if the price of good 2 increases, but
the price of good 1 and income remain constant?

3. If the price of good 1 doubles and the price of good 2 triples, does the
budget line become flatter or steeper?

4. What is the definition of a numeraire good?

5. Suppose that the government puts a tax of 15 cents a gallon on gasoline
and then later decides to put a subsidy on gasoline at a rate of 7 cents a
gallon. What net tax is this combination equivalent to?

6. Suppose that a budget equation is given by p1z; + poz2 = m. The
government decides to impose a lump-sum tax of u, a quantity tax on
good 1 of t, and a quantity subsidy on good 2 of s. What is the formula
for the new budget line?

7. If the income of the consumer increases and one of the prices decreases
at the same time, will the consumer necessarily be at least as well-off?



CHAPTER 3

PREFERENCES

We saw in Chapter 2 that the economic model of consumer behavior is very
simple: people choose the best things they can afford. The last chapter was
devoted to clarifying the meaning of “can afford,” and this chapter will be
devoted to clarifying the economic concept of “best things.”

We call the objects of consumer choice consumption bundles. This
is a complete list of the goods and services that are involved in the choice
problem that we are investigating. The word “complete” deserves empha-
sis: when you analyze a consumer’s choice problem, make sure that you
include all of the appropriate goods in the definition of the consumption
bundle.

If we are analyzing consumer choice at the broadest level, we would want
not only a complete list of the goods that a consumer might consume, but
also a description of when, where, and under what circumstances they
would become available. After all, people care about how much food they
will have tomorrow as well as how much food they have today. A raft in the
middle of the Atlantic Ocean is very different from a raft in the middle of
the Sahara Desert. And an umbrella when it is raining is quite a different
good from an umbrella on a sunny day. It is often useful to think of the
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“same” good available in different locations or circumstances as a different
good, since the consumer may value the good differently in those situations.

However, when we limit our attention to a simple choice problem, the
relevant goods are usually pretty obvious. We'll often adopt the idea de-
scribed earlier of using just two goods and calling one of them “all other
goods” so that we can focus on the tradeoff between one good and ev-
erything else. In this way we can consider consumption choices involving
many goods and still use two-dimensional diagrams.

So let us take our consumption bundle to consist of two goods, and let
x1 denote the amount of one good and z; the amount of the other. The
complete consumption bundle is therefore denoted by (z,x2). As noted
before, we will occasionally abbreviate this consumption bundle by X.

3.1 Consumer Preferences

We will suppose that given any two consumption bundles, (z;,z;) and
(y1,¥2), the consumer can rank them as to their desirability. That is, the
consumer can determine that one of the consumption bundles is strictly
better than the other, or decide that she is indifferent between the two
bundles.

We will use the symbol > to mean that one bundle is strictly preferred
to another, so that (z1,x2) > (y1,y2) should be interpreted as saying that
the consumer strictly prefers (z;,z2) to (y1,y2), in the sense that she
definitely wants the x-bundle rather than the y-bundle. This preference
relation is meant to be an operational notion. If the consumer prefers
one bundle to another, it means that he or she would choose one over the
other, given the opportunity. Thus the idea of preference is based on the
consumer’s behavior. In order to tell whether one bundle is preferred to
another, we see how the consumer behaves in choice situations involving
the two bundles. If she always chooses (z1,x2) when (y1,y2) is available,
then it is natural to say that this consumer prefers (x,z2) to (y1,y2).

If the consumer is indifferent between two bundles of goods, we use
the symbol ~ and write (x;,22) ~ (y1,y2). Indifference means that the
consumer would be just as satisfied, according to her own preferences,
consuming the bundle (z, xs) as she would be consuming the other bundle,
(1, y2)-

If the consumer prefers or is indifferent between the two bundles we say
that she weakly prefers (z1,22) to (y1,y2) and write (z1,z2) > (y1,y2).

These relations of strict preference, weak preference, and indifference
are not independent concepts; the relations are themselves related! For
example, if (z1,x2) > (y1,y2) and (y1,y2) > (z,,72) we can conclude that
(x1,22) ~ (y1,¥2). That is, if the consumer thinks that (x1,25) is at least
as good as (y1,y2) and that (y1,y2) is at least as good as (xy, x5), then the
consumer must be indifferent between the two bundles of goods.
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Similarly, if (x1,22) > (y1,y2) but we know that it is not the case that
(z1,22) ~ (y1,y2), we can conclude that we must have (z1,22) > (y1,Y2)-
This just says that if the consumer thinks that (z1,z2) is at least as good
as (y1,y2), and she is not indifferent between the two bundles, then it must
be that she thinks that (x1,z2) is strictly better than (y1, y2).

3.2 Assumptions about Preferences

Economists usually make some assumptions about the “consistency” of
consumers’ preferences. For example, it seems unreasonable—not to say
contradictory—to have a situation where (x1,22) > (y1,y2) and, at the
same time, (y1,y2) > (z1,x2). For this would mean that the consumer
strictly prefers the x-bundle to the y-bundle ... and vice versa.

So we usually make some assumptions about how the preference relations
work. Some of the assumptions about preferences are so fundamental that
we can refer to them as “axioms” of cofisumer theory. Here are three such
axioms about consumer preference.

Complete. We assume that any two bundles can be compared. That is,
given any x-bundle and any y-bundle, we assume that (x1,z2) > {y1,¥2),
or (y1,y2) = (x1,x2), or both, in which case the consumer is indifferent
between the two bundles.

Reflexive. We assume that any bundle is at least as good as itself:
(x1,22) = (21, 22).

Transitive. If (z1,29) = (y1,92) and (y1,92) = (21, 22), then we assume
that (z1,22) = (21, 22). In other words, if the consumer thinks that X is at
least as good as Y and that Y is at least as good as Z, then the consumer
thinks that X is at least as good as Z.

The first axiom, completeness, is hardly objectionable, at least for the
kinds of choices economists generally examine. To say that any two bundles
can be compared is simply to say that the consumer is able to make a choice
between any two given bundies. One might imagine extreme situations
involving life or death choices where ranking the alternatives might be
difficult, or even impossible, but these choices are, for the most part, outside
the domain of economic analysis.

The second axiom, reflexivity, is trivial. Any bundle is certainly at least
as good as an identical bundle. Parents of small children may occasionally
observe behavior that violates this assumption, but it seems plausible for
most adult behavior,

The third axiom, transitivity, is more problematic. It isn’t clear that
transitivity of preferences is necessarily a property that preferences would
have to have. The assumption that preferences are transitive doesn’t seem
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compelling on grounds of pure logic alone. In fact it’s not. Transitivity is
a hypothesis about people’s choice behavior, not a statement of pure logic.
Whether it is a basic fact of logic or not isn’t the point: it is whether or not
it is a reasonably accurate description of how people behave that matters.

What would you think about a person who said that he preferred a
bundle X to Y, and preferred Y to Z, but then also said that he preferred
Z to X7 This would certainly be taken as evidence of peculiar behavior.

More importantly, how would this consumer behave if faced with choices
among the three bundles X, Y, and Z7 If we asked him to choose his most
preferred bundle, he would have quite a problem, for whatever bundle he
chose, there would always be one that was preferred to it. If we are to have
a theory where people are making “best” choices, preferences must satisfy
the transitivity axiom or something very much like it. If preferences were
not transitive there could well be a set of bundles for which there is no best
choice.

3.3 Indifference Curves

It turns out that the whole theory of consumer choice can be formulated
in terms of preferences that satisfy the three axioms described above, plus
a few more technical assumptions. However, we will find it convenient to
describe preferences graphically by using a construction known as indif-
ference curves.

Consider Figure 3.1 where we have illustrated two axes representing a
consumer’s consumption of goods 1 and 2. Let us pick a certain consump-
tion bundle (z),z2) and shade in all of the consumption bundles that are
weakly preferred to (z,,z2). This is called the weakly preferred set. The
bundles on the boundary of this set—the bundles for which the consumer
is just indifferent to (x1,z2)—form the indifference curve.

We can draw an indifference curve through any consumption bundle we
want. The indifference curve through a consumption bundle consists of all
bundles of goods that leave the consumer indifferent to the given bundle.

One problem with using indifference curves to describe preferences is
that they only show you the bundles that the consumer perceives as being
indifferent to each other—they don’t show you which bundles are better
and which bundles are worse. It is sometimes useful to draw small arrows
on the indifference curves to indicate the direction of the preferred bundles.
We won'’t do this in every case, but we will do it in a few of the examples
where confusion might arise.

If we make no further assumptions about preferences, indifference curves
can take very peculiar shapes indeed. But even at this level of generality,
we can state an important principle about indifference curves: indifference
curves representing distinct levels of preference cannot cross. That is, the
situation depicted in Figure 3.2 cannot occur.



EXAMPLES OF PREFERENCES 37

Weakly preferred set:
bundles weakly
preferred to {x;, X,}

Indifference
curve:
bundles
indifferent

10 (x;, x,)

Xi X1

Weakly preferred set. The shaded area consists of all bun-
dles that are at least as good as the bundle (z1,z2).

In order to prove this, let us choose three bundles of goods, X, Y, and
Z, such that X lies only on one indifference curve, Y lies only on the other
indifference curve, and Z lies at the intersection of the indifference curves.
By assumption the indifference curves represent distinct levels of prefer-
ence, so one of the bundles, say X, is strictly preferred to the other bundle,
Y. We know that X ~ Z and Z ~ Y, and the axiom of transitivity there-
fore implies that X ~ Y. But this contradicts the assumption that X > Y.
This contradiction establishes the result—indifference curves representing
distinct levels of preference cannot cross.

What other properties do indifference curves have? In the abstract, the
answer is: not many. Indifference curves are a way to describe preferences.
Nearly any “reasonable” preferences that you can think of can be depicted
by indifference curves. The trick is to learn what kinds of preferences give
rise to what shapes of indifference curves.

3.4 Examples of Preferences

Let us try to relate preferences to indifference curves through some exam-
ples. We'll describe some preferences and then see what the indifference
curves that represent them look like.
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Indifference curves cannot cross. If they did, X, Y, and
Z would all have to be indifferent to each other and thus could
not lie on distinct indifference curves.

There is a general procedure for constructing indifference curves given
a “verbal” description of the preferences. First plop your pencil down on
the graph at some consumption bundle (x1,x2). Now think about giving a
little more of good 1, Axq, to the consumer, moving him to (z; + Az, z2).
Now ask yourself how would you have to change the consumption of z
to make the consumer indifferent to the original consumption point? Call
this change Axs. Ask yourself the question “For a given change in good
1, how does good 2 have to change to make the consumer just indifferent
between (x; + Axy, 22 + Axg) and (21,22)?” Once you have determined
this movement at one consumption bundle you have drawn a piece of the
indifference curve. Now try it at another bundle, and so on, until you
develop a clear picture of the overall shape of the indifference curves.

Perfect Substitutes

Two goods are perfect substitutes if the consumer is willing to substitute
one good for the other at a constant rate. The simplest case of perfect
substitutes occurs when the consumer is willing to substitute the goods on
a one-to-one basis.

Suppose, for example, that we are considering a choice between red pen-
cils and blue pencils, and the consumer involved likes pencils, but doesn’t
care about color at all. Pick a consumption bundle, say (10, 10). Then for
this consumer, any other consumption bundle that has 20 pencils in it is
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just as good as (10,10). Mathematically speaking, any consumption bun-
dle (@1, x2) such that z; + x5 = 20 will be on this consumer’s indifference
curve through (10, 10). Thus the indifference curves for this consumer are
all parallel straight lines with a slope of —1, as depicted in Figure 3.3.
Bundles with more total pencils are preferred to bundles with fewer total
pencils, so the direction of increasing preference is up and to the right, as
illustrated in Figure 3.3.

How does this work in terms of general procedure for drawing indifference
curves? If we are at (10, 10), and we increase the amount of the first good
by one unit to 11, how much do we have to change the second good to get
back to the original indifference curve? The answer is clearly that we have
to decrease the second good by 1 unit. Thus the indifference curve through
(10,10) has a slope of —1. The same procedure can be carried out at any
bundle of goods with the same results—in this case all the indifference
curves have a constant slope of —1.

'Kz

\, Indifference curves

T T :_ x"'-i'
Perfect subsntutes The con&umer only cams a,bcut t;he total
aumber of pencils, not about their colors. Thua the mdlfference
curves are strmght lines wmh a slopa 0f -~1 s :

The important fact about perfect substitutes is that the indifference
curves have a constant slope. Suppose, for example, that we graphed blue
pencils on the vertical axis and pairs of red pencils on the horizontal axis.
The indifference curves for these two goods would have a slope of —2, since
the consumer would be willing to give up two blue pencils to get one more
pair of red pencils.
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In the textbook we’ll primarily consider the case where goods are perfect
substitutes on a one-for-one basis, and leave the treatment of the general
case for the workbook.

Perfect Complements

Perfect complements are goods that are always consumed together in
fixed proportions. In some sense the goods “complement” each other. A
nice example is that of right shoes and left shoes. The consumer likes shoes,
but always wears right and left shoes together. Having only one out of a
pair of shoes doesn’t do the consumer a bit of good.

Let us draw the indifference curves for perfect complements. Suppose
we pick the consumption bundle (10, 10). Now add 1 more right shoe, so
we have (11,10). By assumption this leaves the consumer indifferent to
the original position: the extra shoe doesn’t do him any good. The same
thing happens if we add one more left shoe: the consumer is also indifferent
between (10,11) and (10, 10).

Thus the indifference curves are L-shaped, with the vertex of the L oc-
curring where the number of left shoes equals the number of right shoes as
in Figure 3.4.

 LEFT SHOES

/ . . Indifference
R curves

RIGHT SHOES

Perfect compl_ements.._ The consumer 'AIWa.ys wants to con-
sume the goods in fixed propertions to each other. Thus the
- indifference curves are L-shaped.
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Increasing both the number of left shoes and the number of right shoes
at the same time will move the consumer to a more preferred position,
so the direction of increasing preference is again up and to the right, as
illustrated in the diagram.

The important thing about perfect complements is that the consumer
prefers to consume the goods in fixed proportions, not necessarily that
the proportion is one-to-one. If a consumer always uses two teaspoons of
sugar in her cup of tea, and doesn’t use sugar for anything else, then the
indifference curves will still be L-shaped. In this case the corners of the
L will occur at (2 teaspoons sugar, 1 cup tea), (4 teaspoons sugar, 2 cups
tea) and so on, rather than at (1 right shoe, 1 left shoe), (2 right shoes, 2
left shoes), and so on.

In the textbook we’ll primarily consider the case where the goods are
consumed in proportions of one-for-one and leave the treatment of the
general case for the workbook.

Bads

A bad is a commodity that the consumer doesn’t like. For example, sup-
pose that the commodities in question are now pepperoni and anchovies—
and the consumer loves pepperoni but dislikes anchovies. But let us suppose
there is some possible tradeoff between pepperoni and anchovies. That is,
there would be some amount of pepperoni on a pizza that would compen-
sate the consumer for having to consume a given amount of anchovies. How
could we represent these preferences using indifference curves?

Pick a bundle (1, z2) consisting of some pepperoni and some anchovies.
If we give the consumer more anchovies, what do we have to do with the
pepperoni to keep him on the same indifference curve? Clearly, we have
to give him some extra pepperoni to compensate him for having to put up
with the anchovies. Thus this consumer must have indifference curves that
slope up and to the right as depicted in Figure 3.5.

The direction of increasing preference is down and to the right—that
is, toward the direction of decreased anchovy consumption and increased
pepperoni consumption, just as the arrows in the diagram illustrate.

Neutrals

A good is a neutral good if the consumer doesn’t care about it one way
or the other. What if a consumer is just neutral about anchovies?! In this
case his indifference curves will be vertical lines as depicted in Figure 3.6.

1 Is anybody neutral about anchovies?
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ANCHOWVIES § -

Indifference
curves,

PEPPERONI

Bads. Here anchovies are a “bad,” and pepperoni is a “good”
for this consumer. Thus the indifference curves have a positive
slope. _

ANCHOVIES

s Indifference
curves

PEPPERON!

A neutral good. The consumer likes jp'e'pperoni'. but is neutral
about anchovies, so the indifference curves are vertical lines.

He only cares about the amount of pepperoni he has and doesn’t care at
all about how many anchovies he has. The more pepperoni the better, but
adding more anchovies doesn’t affect him one way or the other.
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Satiation

We sometimes want to consider a situation involving satiation, where
there is some overall best bundle for the consumer, and the “closer” he is
to that best bundle, the better off he is in terms of his own preferences.
For example, suppose that the consumer has some most preferred bundle
of goods (%1, T2), and the farther away he is from that bundle, the worse
off he is. In this case we say that (F1,T,) is a satiation point, or a bliss
point. The indifference curves for the consumer look like those depicted in
Figure 3.7. The best point is (Z;,%2) and points farther away from this
bliss point lie on “lower” indifference curves.

X3

_ Indifference’
curves

Satiation
point

)
!
i
*

Xy

Satiated preferences. The bundle (F1,T2) is the satiation
point or bliss point, and the indifference curves surround this
point. '

In this case the indifference curves have a negative slope when the con-
sumer has “too little” or “too much” of both goods, and a positive slope
when he has “too much” of one of the goods. When he has too much of one
of the goods, it becomes a bad—reducing the consumption of the bad good
moves him closer to his “bliss point.” If he has too much of both goods,
they both are bads, so reducing the consumption of each moves him closer
to the bliss point.

Suppose, for example, that the two goods are chocolate cake and ice
cream. There might well be some optimal amount of chocolate cake and
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ice cream that you would want to eat per week. Any less than that amount
would make you worse off, but any more than that amount would also make
you worse off.

If you think about it, most goods are like chocolate cake and ice cream
in this respect—you can have too much of nearly anything. But people
would generally not voluntarily choose to have too much of the goods they
consume. Why would you choose to have more than you want of something?
Thus the interesting region from the viewpoint of economic choice is where
you have less than you want of most goods. The choices that people actually
care about are choices of this sort, and these are the choices with which we
will be concerned.

Discrete Goods

Usually we think of measuring goods in units where fractional amounts
make sense—you might on average consume 12.43 gallons of milk a month
even though you buy it a quart at a time. But sometimes we want to
examine preferences over goods that naturally come in discrete units.

For example, consider a consumer’s demand for automobiles. We could
define the demand for automobiles in terms of the time spent using an
automobile, so that we would have a continuous variable, but for many
purposes it is the actual number of cars demanded that is of interest.

There is no difficulty in using preferences to describe choice behavior
for this kind of discrete good. Suppose that xzo is money to be spent on
other goods and wx; is a discrete good that is only available in integer
amounts. We have illustrated the appearance of indifference “curves” and
a weakly preferred set for this kind of good in Figure 3.8. In this case the
bundles indifferent to a given bundle will be a set of discrete points. The
set of bundles at least as good as a particular bundle will be a set of line
segments.

The choice of whether to emphasize the discrete nature of a good or not
will depend on our application. If the consumer chooses only one or two
units of the good during the time period of our analysis, recognizing the
discrete nature of the choice may be important. But if the consumer is
choosing 30 or 40 units of the good, then it will probably be convenient to
think of this as a continuous good.

3.5 Well-Behaved Preferences

We’ve now seen some examples of indifference curves. As we’ve seen, many
kinds of preferences, reasonable or unreasonable, can be described by these
simple diagrams. But if we want to describe preferences in general, it will
be convenient to focus on a few general shapes of indifference curves. In
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this section we will describe some more general assumptions that we will
typically make about preferences and the implications of these assumptions
for the shapes of the associated indifference curves. These assumptions
are not the only possible ones; in some situations you might want to use
different assumptions. But we will take them as the defining features for
well-behaved indifference curves.

First we will typically assume that more is better, that is, that we are
talking about goods, not bads. More precisely, if {x;,22) is a bundle of
goods and (y1, ¥2) is a bundle of goods with at least as much of both goods
and more of one, then (y1,¥2) > (z1,23). This assumption is sometimes
called monotonicity of preferences. As we suggested in our discussion of
satiation, more is better would probably only hold up to a point. Thus
the assumption of monotonicity is saying only that we are going to ex-
amine situations before that point is reached—before any satiation sets
in—while more still is better. Economics would not be a very interesting
subject in a world where everyone was satiated in their consumption of
every good.

What does monotonicity imply about the shape of indifference curves?
It implies that they have a negative slope. Consider Figure 3.9. If we start
at a bundle (z,,22) and move anywhere up and to the right, we must be
moving to a preferred position. If we move down and to the left we must be
moving to a worse position. So if we are moving to an indifferent position,
we must be moving either left and up or right and down: the indifference
curve must have a negative slope.

Figure
3.8
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Second, we are going to assume that averages are preferred to extremes.
That is, if we take two bundles of goods (x;,z2) and (y1,y2) on the same
indifference curve and take a weighted average of the two bundles such as

1 -+ L L + L
pu— — __x —
2&?1 2y1,2 2 21/2 )

then the average bundle will be at least as good as or strictly preferred
to each of the two extreme bundles. This weighted-average bundle has
the average amount of good 1 and the average amount of good 2 that is
present in the two bundles. It therefore lies halfway along the straight line
connecting the x-bundle and the y—bundle.

X7

‘Better
- bundles

Worse
bundies

Xi

Monotonic preferences. More of _bdth goods is a better
bundle for this consumer; less of both goods represents a worse
bundle. ' ' o

Actually, we're going to assume this for any weight ¢ between 0 and 1,
not just 1/2. Thus we are assuming that if (zq,z2) ~ (y1,y2), then

(t$1 + (1 — iy, tre + (1— t)yg) > (zy,x9)

for any t such that 0 < t < 1. This weighted average of the two bundles
gives a weight of ¢ to the x-bundle and a weight of 1 — ¢ to the y-bundle.
Therefore, the distance from the x-bundle to the average bundle is just
a fraction ¢ of the distance from the x-bundle to the y-bundle, along the
straight line connecting the two bundles.
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What does this assumption about preferences mean geometrically? It
means that the set of bundles weakly preferred to (x1,z2) is a convex set.
For suppose that (y1,y2) and (x1,x2) are indifferent bundles. Then, if aver-
ages are preferred to extremes, all of the weighted averages of (z1, r3) and
(y1,y2) are weakly preferred to (z1,x2) and (y1,y2). A convex set has the
property that if you take any two points in the set and draw the line seg-
ment connecting those two points, that line segment lies entirely in the set.

Figure 3.10A depicts an example of convex preferences, while Figures
3.10B and 3.10C show two examples of nonconvex preferences. Figure
3.10C presents preferences that are so nonconvex that we might want to
call them “concave preferences.”

Xy X X3

vy, ¥2) i ¥2)
Averaged
bundle

(Yy }’2)

Averaged
bundle

Averaged §
Xy, Xy} bundle x, X,)
X1 Xq Xq
A Convex B Nonconvex C Concave
preferences preferences preferences

Various kinds of preferences. - Panel A depicts convex pref-
erences, panel B depicts nonconvex preferences, and panel C
depicts “concave” preferences.

Can you think of preferences that are not convex? One possibility might
be something like my preferences for ice cream and olives. I like ice cream
and 1 like olives ... but I don’t like to have them together! In considering
my consumption in the next hour, I might be indifferent between consuming
8 ounces of ice cream and 2 ounces of olives, or 8 ounces of olives and 2
ounces of ice cream. But either one of these bundles would be better than
consuming 5 ounces of each! These are the kind of preferences depicted in
Figure 3.10C.

Why do we want to assume that well-behaved preferences are convex?
Because, for the most part, goods are consumed together. The kinds
of preferences depicted in Figures 3.10B and 3.10C imply that the con-



48 PREFERENCES (Ch. 3)

sumer would prefer to specialize, at least to some degree, and to consume
only one of the goods. However, the normal case is where the consumer
would want to trade some of one good for the other and end up consuming
some of each, rather than specializing in consuming only one of the two
goods.

In fact, if we look at my preferences for monthly consumption of ice
cream and olives, rather than at my immediate consumption, they would
tend to look much more like Figure 3.10A than Figure 3.10C. Each month
I would prefer having some ice cream and some olives—albeit at different
times-—to specializing in consuming either one for the entire month.

Finally, one extension of the assumption of convexity is the assumption
of strict convexity. This means that the weighted average of two in-
different bundles is strictly preferred to the two extreme bundles. Convex
preferences may have flat spots, while strictly convex preferences must have
indifferences curves that are “rounded.” The preferences for two goods that
are perfect substitutes are convex, but not strictly convex.

3.6 The Marginal Rate of Substitution

We will often find it useful to refer to the slope of an indifference curve at
a particular point. This idea is so useful that it even has a name: the slope
of an indifference curve is known as the marginal rate of substitution
(MRS). The name comes from the fact that the MRS measures the rate
at which the consumer is just willing to substitute one good for the other.

Suppose that we take a little of good 1, Az, away from the consumer.
Then we give him Azs, an amount that is just sufficient to put him back
on his indifference curve, so that he is just as well off after this substitution
of z; for z1 as he was before. We think of the ratio Az,/Azy as being the
rate at which the consumer is willing to substitute good 2 for good 1.

Now think of Az; as being a very small change—a marginal change.
Then the rate Azy/Ax; measures the marginal rate of substitution of good
2 for good 1. As Az, gets smaller, Axo/Ax, approaches the slope of the
indifference curve, as can be seen in Figure 3.11.

When we write the ratio Axy/Az;, we will always think of both the
numerator and the denominator as being small numbers—as describing
marginal changes from the original consumption bundie. Thus the ratio
defining the MRS will always describe the slope of the indifference curve:
the rate at which the consumer is just willing to substitute a little more
consumption of good 2 for a little less consumption of good 1.

One slightly confusing thing about the MRS is that it is typically a
negative number. We’ve already seen that monotonic preferences imply
that indifference curves must have a negative slope. Since the MRS is the
numerical measure of the slope of an indifference curve, it will naturally be
a negative number.
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The marginal rate of substitution (MRS). The marginal
rate of substitution measures the slope of the indifference curve.

The marginal rate of substitution measures an interesting aspect of the
consumer’s behavior. Suppose that the consumer has well-behaved prefer-
ences, that is, preferences that are monotonic and convex, and that he is
currently consuming some bundle (x1,22). We now will offer him a trade:
he can exchange good 1 for 2, or good 2 for 1, in any amount at a “rate of
exchange” of FE.

That is, if the consumer gives up Ax; units of good 1, he can get FAx;
units of good 2 in exchange. Or, conversely, if he gives up Az, units of good
2, he can get Az,;/F units of good 1. Geometrically, we are offering the
consumer an opportunity to move to any point along a line with slope —F
that passes through (1, z2), as depicted in Figure 3.12. Moving up and to
the left from (z1,z3) involves exchanging good 1 for good 2, and moving
down and to the right involves exchanging good 2 for good 1. In either
movement, the exchange rate is E. Since exchange always involves giving
up one good in exchange for another, the exchange rate £ corresponds to
a slope of —F.

We can now ask what would the rate of exchange have to be in order for
the consumer to want to stay put at {z1,22)? To answer this question, we
simply note that any time the exchange line crosses the indifference curve,
there will be some points on that line that are preferred to (zj, zz)—that
lie above the indifference curve. Thus, if there is to be no movement from
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(z1,22), the exchange line must be tangent to the indifference curve. That
is, the slope of the exchange line, —FE, must be the slope of the indifference
curve at {xy,x2). At any other rate of exchange, the exchange line would
cut the indifference curve and thus allow the consumer to move to a more
preferred point.

Indifference
curves

X %

Trading at an exchange rate. Here we are allowing the con-
sumer to trade the goods at an exchange rate E, which implies
that the consumer can move along a line with slope —F.

Thus the slope of the indifference curve, the marginal rate of substitution,
measures the rate at which the conswmer is just on the margin of trading
or not trading. At any rate of exchange other than the MRS, the consumer
would want to trade one good for the other. But if the rate of exchange
equals the MRS, the consumer wants to stay put.

3.7 Other Interpretations of the MRS

We have said that the MRS measures the rate at which the consumer is
just on the margin of being willing to substitute good 1 for good 2. We
could also say that the consumer is just on the margin of being willing to
“pay” some of good 1 in order to buy some more of good 2. So sometimes
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you hear people say that the slope of the indifference curve measures the
marginal willingness to pay.

If good 2 represents the consumption of “all other goods,” and it is
measured in dollars that you can spend on other goods, then the marginal-
willingness-to-pay interpretation is very natural. The marginal rate of sub-
stitution of good 2 for good 1 is how many dollars you would just be willing
to give up spending on other goods in order to consume a little bit more
of good 1. Thus the MRS measures the marginal willingness to give up
dollars in order to consume a small amount more of good 1. But giving up
those dollars is just like paying dollars in order to consume a little more of
good 1.

If you use the marginal-willingness-to-pay interpretation of the MRS, you
should be careful to emphasize both the “marginal” and the “willingness”
aspects. The MRS measures the amount of good 2 that one is willing to
pay for a marginal amount of extra consumption of good 1. How much
you actually have to pay for some given amount of extra consumption may
be different than the amount you are willing to pay. How much you have
to pay will depend on the price of the good in question. How much you
are willing to pay doesn’t depend on the price—it is determined by your
preferences.

Similarly, how much you may be willing to pay for a large change in
consumption may be different from how much you are willing to pay for
a marginal change. How much you actually end up buying of a good will
depend on your preferences for that good and the prices that you face. How
much you would be willing to pay for a small amount extra of the good is
a feature only of your preferences.

3.8 Behavior of the MRS

It is sometimes useful to describe the shapes of indifference curves by de-
scribing the behavior of the marginal rate of substitution. For example,
the “perfect substitutes” indifference curves are characterized by the fact
that the MRS is constant at —1. The “neutrals” case is characterized by
the fact that the MRS is everywhere infinite. The preferences for “perfect
complements” are characterized by the fact that the MRS is either zero or
infinity, and nothing in between.

We've already pointed out that the assumption of monotonicity implies
that indifference curves must have a negative slope, so the MRS always
involves reducing the consumption of one good in order to get more of
another for monotonic preferences.

The case of convex indifference curves exhibits yet another kind of be-
havior for the MRS. For strictly convex indifference curves, the MRS—the
slope of the indifference curve—decreases (in absolute value) as we increase
x1. Thus the indifference curves exhibit a diminishing marginal rate of
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substitution. This means that the amount of good 1 that the person is
willing to give up for an additional amount of good 2 increases the amount
of good 1 increases. Stated in this way, convexity of indifference curves
seems very natural: it says that the more you have of one good, the more
willing you are to give some of it up in exchange for the other good. (But
remember the ice cream and olives example-—for some pairs of goods this
assumption might not hold!)

Summary

1. Economists assume that a consumer can rank various consumption pos-
sibilities. The way in which the consumer ranks the consumption bundles
describes the consumer’s preferences.

2. Indifference curves can be used to depict different kinds of preferences.

3. Well-behaved preferences are monotonic (meaning more is better) and
convex (meaning averages are preferred to extremes).

4. The marginal rate of substitution (MRS) measures the slope of the in-
difference curve. This can be interpreted as how much the consumer is
willing to give up of good 2 to acquire more of good 1.

REVIEW QUESTIONS

1. If we observe a consumer choosing (z1, z2) when (y;,y2) is available one
time, are we justified in concluding that (xq,z2) > (y1,y2)?

2. Consider a group of people A, B, C and the relation “at least as tall as,”
as in “A is at least as tall as B.” Is this relation transitive? Is it complete?

3. Take the same group of people and consider the relation “strictly taller
than.” Is this relation transitive? Is it reflexive? Is it complete?

4. A college football coach says that given any two linemen A and B, he
always prefers the one who is bigger and faster. Is this preference relation
transitive? Is it complete?

5. Can an indifference curve cross itself? For example, could Figure 3.2
depict a single indifference curve?

6. Could Figure 3.2 be a single indifference curve if preferences are mono-
tonic?
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7. If both pepperoni and anchovies are bads, will the indifference curve
have a positive or a negative slope?

8. Explain why convex preferences means that “averages are preferred to
extremes.”

9. What is your marginal rate of substitution of $1 bills for $5 bills?

10. If good 1 is a “neutral,” what is its marginal rate of substitution for
good 27

11. Think of some other goods for which your preferences might be concave.



CHAPTER 4

UTILITY

In Victorian days, philosophers and economists talked blithely of “utility”
as an indicator of a person’s overall well-being. Utility was thought of as
a numeric measure of a person’s happiness. Given this idea, it was natural
to think of consumers making choices so as to maximize their utility, that
is, to make themselves as happy as possible.

The trouble is that these classical economists never really described how
we were to measure utility. How are we supposed to quantify the “amount”
of utility associated with different choices? Is one person’s utility the same
as another’s?” What would it mean to say that an extra candy bar would
give me twice as much utility as an extra carrot? Does the concept of utility
have any independent meaning other than its being what people maximize?

Because of these conceptual problems, economists have abandoned the
old-fashioned view of utility as being a measure of happiness. Instead,
the theory of consumer behavior has been reformulated entirely in terms
of consumer preferences, and utility is seen only as a way to describe
preferences.

Economists gradually came to recognize that all that mattered about
utility as far as choice behavior was concerned was whether one bundle
had a higher utility than another—how much higher didn’t really matter.



UTILITY 55

Originally, preferences were defined in terms of utility: to say a bundle
(x1,z2) was preferred to a bundle (y;,y2) meant that the x-bundle had a
higher utility than the y-bundle. But now we tend to think of things the
other way around. The preferences of the consumer are the fundamen-
tal description useful for analyzing choice, and utility is simply a way of
describing preferences.

A utility function is a way of assigning a number to every possible
consumption bundle such that more-preferred bundles get assigned larger
numbers than less-preferred bundles. That is, a bundle (x1, x9} is preferred
to a bundle (y1,y2) if and only if the utility of (x;,x2) is larger than the
utility of (y1,y2): in symbols, (z1,22) = (y1,y2) if and only if u(zy,z2) >
u(y1, ya)-

The only property of a utility assignment that is important is how it
orders the bundles of goods. The magnitude of the utility function is only
important insofar as it ranks the different consumption bundles; the size of
the utility difference between any two consumption bundles doesn’t matter.
Because of this emphasis on ordering bundles of goods, this kind of utility
is referred to as ordinal utility.

Consider for example Table 4.1, where we have illustrated several dif-
ferent ways of assigning utilities to three bundles of goods, all of which
order the bundles in the same way. In this example, the consumer prefers
A to B and B to C. All of the ways indicated are valid utility functions
that describe the same preferences because they all have the property that
A is assigned a higher number than B, which in turn is assigned a higher
number than C.

Different ways to assign utilities.

Bundle U, U, Us

A 3 17 —1
B 2 10 -2
C 1 002 -3

Since only the ranking of the bundles matters, there can be no unique
way to assign utilities to bundles of goods. If we can find one way to assign
utility numbers to bundles of goods, we can find an infinite number of
ways to do it. If u(zy,x2) represents a way to assign utility numbers to
the bundles (z1, z2), then multiplying u(z;, z2) by 2 (or any other positive
number) is just as good a way to assign utilities.

Multiplication by 2 is an example of a monotonic transformation. A
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monotonic transformation is a way of transforming one set of numbers into
another set of numbers in a way that preserves the order of the numbers.

We typically represent a monotonic transformation by a function f{u)
that transforms each number u into some other number f(u), in a way
that preserves the order of the numbers in the sense that uy > up implies
f(u1) > f(uz2). A monotonic transformation and a monotonic function are
essentially the same thing.

Examples of monotonic transformations are multiplication by a positive
number (e.g., f(u) = 3u), adding any number (e.g., f(u) = u+ 17), raising
u to an odd power (e.g., f(u) = ©?), and so on.!

The rate of change of f(u) as u changes can be measured by looking at
the change in f between two values of u, divided by the change in u:

Af _ flug) = fluma)

Au Uy — Uy

For a monotonic transformation, f(u2)— f(u1) always has the same sign as
ug — u1. Thus a monotonic function always has a positive rate of change.
This means that the graph of a monotonic function will always have a
positive slope, as depicted in Figure 4.1A.

: A posxtnve monotomc transformatmn Panei A 111ustrates
.. a monotonic function—one that is always mcreasmg Panel B

: :llustrates a function that is not monotomc, since it sometimes
. increases and sometimes decre&ses :

1 What we are calling a “monotonic transformation” is, strictly speaking, called a “posi-
tive monotonic transformation,” in order to distinguish it from a “negative monotonic
transformation,” which is one that reverses the order of the numbers. Monotonic
transformations are sometimes called “monotonous transformations,” which seems
unfair, since they can actually be quite interesting.
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If f(u) is any monotonic transformation of a utility function that repre-
sents some particular preferences, then f(u(z1, 7)) is also a utility function
that represents those same preferences.

Why? The argument is given in the following three statements:

1, To say that u(xy,x2) represents some particular preferences means that
u(z1, r2) > ulyr, y2) if and only if (zy,22) > (y1,92).

2. But if f(u) is a monotonic transformation, then u{zy,z2) > u{y1, yo) if
and only if f(u(z1,z2)) > flu(yi,y2)).

3. Therefore, f(u(zy,x2)) > flu(y1,y2)) if and only if (z1,x2) > (11, 42),
so the function f(u) represents the preferences in the same way as the
original utility function u(xzq, z2).

We summarize this discussion by stating the following principle: a mono-
tonic transformation of a utility function is a utility function that represents
the same preferences as the original utility function.

Geometrically, a utility function is a way to label indifference curves.
Since every bundle on an indifference curve must have the same utility, a
utility function is a way of assigning numbers to the different indifference
curves in a way that higher indifference curves get assigned larger num-
bers. Seen from this point of view a monotonic transformation is just a
relabeling of indifference curves. As long as indifference curves containing
more-preferred bundles get a larger label than indifference curves contain-
ing less-preferred bundles, the labeling will represent the same preferences.

4.1 Cardinal Utility

There are some theories of utility that attach a significance to the magni-
tude of utility. These are known as cardinal utility theories. In a theory
of cardinal utility, the size of the utility difference between two bundles of
goods is supposed to have some sort of significance.

We know how to tell whether a given person prefers one bundle of goods
to another: we simply offer him or her a choice between the two bundles
and see which one is chosen. Thus we know how to assign an ordinal utility
to the two bundles of goods: we just assign a higher utility to the chosen
bundle than to the rejected bundle. Any assignment that does this will be
a utility function. Thus we have an operational criterion for determining
whether one bundle has a higher utility than another buudle for some
individual.

But how do we tell if a person likes one bundle twice as much as another?
How could you even tell if you like one bundle twice as much as another?

One could propose various definitions for this kind of assignment: I like
one bundle twice as much as another if I am willing to pay twice as much
for it. Or, I like one bundle twice as much as another if I am willing to run
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twice as far to get it, or to wait twice as long, or to gamble for it at twice
the odds.

There is nothing wrong with any of these definitions; each one would
give rise to a way of assigning utility levels in which the magnitude of the
numbers assigned had some operational significance. But there isn’t much
right about them either. Although each of them is a possible interpretation
of what it means to want one thing twice as much as another, none of them
appears to be an especially compelling interpretation of that statement.

Even if we did find a way of assigning utility magnitudes that seemed
to be especially compelling, what good would it do us in describing choice
behavior? To tell whether one bundle or another will be chosen, we only
have to know which is preferred—which has the larger utility. Knowing
how much larger doesn’t add anything to our description of choice. Since
cardinal utility isn’t needed to describe choice behavior and there is no
compelling way to assign cardinal utilities anyway, we will stick with a
purely ordinal utility framework.

4.2 Constructing a Utility Function

But are we assured that there is any way to assign ordinal utilities? Given
a preference ordering can we always find a utility function that will order
bundles of goods in the same way as those preferences? Is there a utility
function that describes any reasonable preference ordering?

Not all kinds of preferences can be represented by a utility function.
For example, suppose that someone had intransitive preferences so that
A> B> C > A. Then a utility function for these preferences would have
to consist of numbers u(A), u(B), and u(C) such that u(A) > u(B) >
u(C) > u(A). But this is impossible.

However, if we rule out perverse cases like intransitive preferences, it
turns out that we will typically be able to find a utility function to represent
preferences. We will illustrate one construction here, and another one in
Chapter 14.

Suppose that we are given an indifference map as in Figure 4.2. We know
that a utility function is a way to label the indifference curves such that
higher indifference curves get larger numbers. How can we do this?

One easy way is to draw the diagonal line illustrated and label each
indifference curve with its distance from the origin measured along the
line.

How do we know that this is a utility function? It is not hard to see that
if preferences are monotonic then the line through the origin must intersect
every indifference curve exactly once. Thus every bundle is getting a label,
and those bundles on higher indifference curves are getting larger labels—
and that’s all it takes to be a utility function.
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This gives us one way to find a labeling of indifference curves, at least as
long as preferences are monotonic. This won’t always be the most natural
way in any given case, but at least it shows that the idea of an ordinal utility
function is pretty general: nearly any kind of “reasonable” preferences can
be represented by a utility function.

4.3 Some Examples of Utility Functions

In Chapter 3 we described some examples of preferences and the indiffer-
ence curves that represented them. We can also represent these preferences
by utility functions. If you are given a utility function, u(x1,z2), it is rel-
atively easy to draw the indifference curves: you just plot all the points
(z1,22) such that u(zy,z2) equals a constant. In mathematics, the set of
all (x1, ) such that u{x;,22) equals a constant is called a level set. For
each different value of the constant, you get a different indifference curve.

EXAMPLE: Indifference Curves from Utility

Suppose that the utility function is given by: w(z1,z2) = z;x2. What do
the indifference curves look like?
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We know that a typical indifference curve is just the set of all z; and z2
such that & = z1x2 for some constant k. Solving for z; as a function of z;,
we see that a typical indifference curve has the formula:

k

Tog = —.
I

This curve is depicted in Figure 4.3 for k =1,2,3---.

XZ_

Indifference
curves

X

Indifference curves. The indifference curves k = z12, for
different values of k.

Let’s consider another example. Suppose that we were given a utility
function v(x1,zs) = x%x3. What do its indifference curves look like? By
the standard rules of algebra we know that:

v(zy, zg) = 2222 = (z122)? = ul(zy, 22)°.

Thus the utility function v(z1,z2) is just the square of the utility func-
tion u(x,z2). Since u{xy,z3) cannot be negative, it follows that v(z1, z2)
is a monotonic transformation of the previous utility function, u(zy,22).
This means that the utility function v(z1,z2) = 222 has to have exactly
the same shaped indifference curves as those depicted in Figure 4.3. The
labeling of the indifference curves will be different-—the labels that were
1,2,3,--- will now be 1,4, 9, - - -—but the set of bundles that has v(z;,22) =
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9 is exactly the same as the set of bundles that has u(z1,z2) = 3. Thus
v(x1,x2) describes exactly the same preferences as u(z1, x2) since it orders
all of the bundles in the same way.

Going the other direction—finding a utility function that represents some
indifference curves—is somewhat more difficult. There are two ways to
proceed. The first way is mathematical. Given the indifference curves, we
want to find a function that is constant along each indifference curve and
that assigns higher values to higher indifference curves.

The second way is a bit more intuitive. Given a description of the pref-
erences, we try to think about what the consumer is trying to maximize —
what combination of the goods describes the choice behavior of the con-
sumer. This may seem a little vague at the moment, but it will be more
meaningful after we discuss a few examples.

Perfect Substitutes

Remember the red pencil and blue pencil example? All that mattered to
the consumer was the total number of pencils. Thus it is natural to measure
utility by the total number of pencils. Therefore we provisionally pick the
utility function u(zq, z2) = x1+x2. Does this work? Just ask two things: is
this utility function constant along the indifference curves? Does it assign
a higher label to more-preferred bundles? The answer to both questions is
yes, so we have a utility function.

Of course, this isn’t the only utility function that we could use. We could
also use the square of the number of pencils. Thus the utility function
v(z,29) = (z1 + 22)2 = 2% + 22172 + 73 will also represent the perfect-
substitutes preferences, as would any other monotonic transformation of
u(xy, x2).

What if the consumer is willing to substitute good 1 for good 2 at a rate
that is different from one-to-one? Suppose, for example, that the consumer
would require two units of good 2 to compensate him for giving up one unit
of good 1. This means that good 1 is twice as valuable to the consumer as
good 2. The utility function therefore takes the form u(xzy, x2) = 22 + 22.
Note that this utility yields indifference curves with a slope of —2.

In general, preferences for perfect substitutes can be represented by a
utility function of the form

U(SE},IQ) = ary + b:l?g.

Here a and b are some positive numbers that measure the “value” of goods
1 and 2 to the consumer. Note that the slope of a typical indifference curve
is given by —a/b.
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Perfect Complements

This is the left shoe-right shoe case. In these preferences the consumer only
cares about the number of pairs of shoes he has, so it is natural to choaose
the number of pairs of shoes as the utility function. The number of complete
pairs of shoes that you have is the minimum of the number of right shoes
you have, x1, and the number of left shoes you have, x5. Thus the utility
function for perfect complements takes the form u(xy, z2) = min{x;,z2}.

To verify that this utility function actually works, pick a bundle of goods
such as (10,10). If we add one more unit of good 1 we get (11,10),
which should leave us on the same indifference curve. Does it? Yes, since
min{10, 10} = min{11,10} = 10.

So u(zy,x2) = min{z;,z2} is a possible utility function to describe per-
fect complements. As usual, any monotonic transformation would be suit-
able as well.

What about the case where the cons