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_' Y)u have just cashed your monthly alowance check and are on your way 1o the

local music store to buv an Eric Clapton CD vou've been wanting. The price

of the disc 1s 310, [n scenario 1 you lose 310 on your way to the store, In scenario

2 vou buy the disc and then trip and fall on vour way out of the store: the disc

‘ shiatters as it hirts the sidewalk, “Iry o imagine your frame of mind in each
1 sCcenario.

a. Would vou proceed o buy the disc in scenario 12

b. Would you retwrn o buy the disc in scenario 27

These questions’ were recently put to a large class of undergraduates who

had never taken an cconemics course. In response w the first question, 54

pereent answered ves, saving they would buy the disc afier losing the $I0 bill.

But only 32 perccxit answered yes to the second question—=68 percent said they

‘ would #of buy the dise after having broken the first one. There is, of course, no
“correct” answer o cither of these questions. The events described will have

more of an impact, for example, on a poor consumer lan on a rich one. Yet

amoment's rellection reveals thay vour behavior in onc scenario logically should

be exactly the same as in the other. After all, in both scenarios, the only economi-

cally relevant change Is that you now have 310 less to spend than before. This

| might well rmrean that you will want to give up having the disc; or it could mean
saving less or giving up some other good or service that vou would have bought

mstead. But your choice should not be aftected by the paricular way you hap-

' These questions are patterned after similar questions posed by decision theerists Dapiel Kahneman
and Amos Tversky (see Chapter 8).
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pencd to become $10 poorer. In both scenarios, the cost of the disc is 510, and
the benefits vou will veceive from listening to it are also the same. You should
either buy the disc in both scenarios or not buv it in both scenarios. Aud vet,
as noted, many people said they would behave differently in the two scenarios.

Chapier Preview

Our task in this chapter will be to ser forth the economist’s basic model for
answering questions like the ones posed above. This model is known as the
theory of rational consiwmer choire. [L underhes all individual purchase decisions,
which in turn add up ro the demand curves we worked with in the preceding
chapter

Rational choice theary begins with the assumption that consumers enter the
marketplace with well-defined preferences. Taking prices as given, their rask is
1o alloeate their incomes to best serve these preferences. Two steps are required
to carry out this task. The first is 1o deseribe the various combinations of goods
the consumer is able to buy. These combinations depend, we will see, on both
her income level and the prices of the goods. The second step is then to select
trom among the feasible combinations the particular one that she prefers ro all
others. Analysis of this step will require some means of describing her preferences,
in particular a summary of the rank ordering she assigns to all feasible combina-
tions. Formal development of these two elements of the theory will occupy our
atention throughout this chapter. Because the first element—describing the sct
of possibilities—is much less abstract than the second, let us begin with it

The Oppartunity Set or Budget Constraini

fuf

For simplicity, let us begin by considering a world with only two goods,” food and
shelter. A bundle of goads is the term used o describe a particutar combinarion of
food, measured in pounds per week, and shelter, measured in square vards per
week. Thus. in Figure 3-1, one bundie (bundle &) might consist of 5 sq vd/wk
ol shelter and 7 1h/wk of food, while another (bundle B) consists of 3 sq yd/wk
of shelter and 8 Ih/wk of food. For brevity's sake, we may use the notation
{3, 7) 10 denote bundle 4 and the nownor (3. 8) 1o denote bundle B More
generally, (8o, F5) will denote the bundle with §, sq yd/wk ol shelter and £y b/wk
of food. Dy conveniion, the first gumber of the pair in any bundle represents
the good measured along the horzontal axas,

Note that the units on botlt axes are flows, which means physical quantities
per unit of tme—pounds per week, square yards per week. Consumption is
alwayvs measured as a flow, it is important o keep track of the time dimension
because, without it, there would be no way to evaluate whether a giver quantity
of consumption was large or small. (Suppose all you know is that your food

* As econemisty use the enm. 4 “yood” may refer wo ctther a product or a service.
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FIGURE 3-1
A bundle is a specific
combination of goods.

Bundie A has 5 units of

shelter and 7 units of
food. Bundle B has 3
units of shelter and 8
units of food.

FIGURE 3-2

Line B describes the set
of all bundles the con-
sumer can purchase for
given values of income
and prices. [ts slope is
the negative of the
price of shelter divided
by the price of food. In
absolute value, this
slope is the opportunity
cost of an additional
unit of shelter—the
number of units of food
that must be sacrificed
in order to purchase
one additional unit of

shelter at market prices.

TWO BUNDLES OF GOODS

Food (Ib/wk)

———— Shelter {(sq yd/wk)

consumprion is 4 Ih. If that’s how much you eat each day, 1t°s a lot. But if that's
all you catin a monih, you should submit your application for a wition refund
right away, because vou won’'t be at school much longer.)

Suppose the consumer’s income is M = $100/wk, all of which she spends on
some combination of food and shiclter. (Note that income is also a flow.) Suppose
further that the prices of shelter and food are Py = $§5/sq yd and P, = S14/1b,
respectively. If the consumer spent all of her income on shelier, she could buy
M7Pg = (3100/wky + (35/sq vd) = 20 sq yd/wk. That is 1o say, she could buy
the bundle consisting of 20 sq yvd/wk of sheller and 0 Ib/wk of food, denoted
(20, 0). Alternauively, suppose the consumer spent all of her inconie on food.
She would then get the bundle consisung of M/ P = (3100/wk) + {(310/1b),
which is 10 Ib/wk of food and 0 sq yd/wk of shelier, denoted {0, 10).

In Figure 3-2, these polar cases are labeled Kand L, respectively. The consumer
is also able to purchase any other bundie that lies along the straight line that

joins points Kand L. [Verify, for example, that the bundle (12, 4} lies on this

THE BUDGET CONSTRAINT, OR OPPORTUNITY SET

Food (1b/wk)

M/Pe =10
8
& = - tprice of shelter] = {price of fced)
4
K
™~ _ Shelter (sq ydAvi)
0 20 = M
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Budget constraint
The set of all
bundles that are
affordable with given
income and prices,
Also called the
opportunily set.

PART TWO: THE THEORY (37 CONSUMER BEHAVIOR

same line.] This line is called the budget constramt, or epportunity set. and is labeled
B in the diagram.

Recall the maxim fromn high school algebra that the slope of a suraight line
is its “rise” aver ity run” (the change in its verucal posttion divided by the
corresponding change in its horizontal position). Here, note that the slope of
the budget constraint is its vertical intercept (the rise) divided by its horizontal
mtercept {the corresponding run): —(10 1h/wk) /{20 sq yd/wk) = ~% 1b/sq vd.
The minus sign signifies that the budgert line Jalls as it maves to the right—that
it has a negative slope. More generally, if M denotes the consumer’s weekly
income, and Py and F.odenote the prices of shelter and food, respectively, the
horizontal and vertical intercepts will be given by (M/1%) and (,\'I/P,L): respec-
tvely, ‘Lhus the general formulda Tor the slope of the budget constraint is given
bv —(M/FP /(M P) = — P/ P whicliis sunply the negative of the price ratio
of the twvo goods, Given thelr respectve prices, itis the raie al which food can
be exchanged for shelters Thus, in Figure 32, 1 1b of food can be exchangerl
tor 2 sq vd of shelter. lu the language of upporiunity cost from Chapter 1, we
would say that the opportunity cost of an additional square vard of shelter is
PP = % Ib of food.

In addition to being able to buy any of the bundies along her budget constraint,
the consumer is also able to purchase any bundle that Jies within the budge
friangle bounded by it and the two axes. D is one such bundie in Figure 3-2.
Bundle I costs $65/wk, which is well below the consumer’s income of 3160/ wk,
The bundles on or within the budge wiangle are also velevved w as the feasible,
or affordable, sel. Bundles like £ that hie outside the budget wiangle are said (o
be infeasible, or waaffordable. At a cast of $140/wk, [ is simply beyond the con-
sumer’s reach.

I Sand Fdenote the gquantities of shelter and food, respectively, the budget
constraint must satisty the [oHowing equation:

PSS+ Prfo= M, (3.1)

which savs simply that the consumer’s weekly expenditure on shelwer (P2S) plus
her weekly expenditure on food (PrF) must add up to her weekly income (M),
To express the budget constraintin the manner copventionally used to represent

the formula for a siraight line, we solve Equation 301 for Fin terms of § which
vields

MP
) 4.9
rh (5.2)

!

Laguation 3.2 provides auother way of seeing that the vertical intercept of the
budgetl constraint is given by M/ and s slope by —(£/F) . The equation for
thie budget consuuint in Figure 3208 /7= 10 - ]ﬁ

L o > Ga S e
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FIGURE 3-3

When shelter goes up
in price, the vertical in-
tercept of the budget
constraint remains the

same. The original bud-

get constraint rotates
inward about this
intercept.

THE EFFECT OF A RISE IN THE PRICE OF SHELTER

Food (fbiak)

Slope = - L

N —————— Shelter {sq vativk)
0 MiP:, =10 AP = 20

BUDGET SHIFTS DUE TO PRICE OR INCOME CHANGES

Price Changes. The slope and positon of the budget constraint are fully deter
mined by the consumer’s incoine and the prices of the respective goods. Change
anv one of these and we have a new budger constraint. Figure 3-3 shows the
elfect of an increase in the price of shelwer fram Fy, = 353/sq yd o Py, = 510,
Since both weekly income and the price of food are unchanged, the vertical
intereept of the consimner’s budget conswraimt siays the same. The rise in the
price of shelter rotates the budger constraint inward about this intercept, as
shown in the diagram.

Now i [gure 3-3 thar even though the price of [ood has not changed, the
new budget constraint, b, curtails not only the amount of sheler tie consumer
can buy, but also the wnount of food.”

EXERCISE 3-1
Show the effect ou the budget constraint B, in Tigure 3-3 of a fall in the price

In kxercise 3-1, you saw that a full in the price of sheler again Jeaves the

vertical intercept of the budget conswrainmy unchanged. This time the budger
constraint rotates ouiward. Note also in Exercise 3-1 that although the price of
food remains unchianged, the new budger constraint enables the consurner to
buy bundles that conin not only maore shelter, but also more foad than she
could attord on the original budger constraint.

P The single exception to this staternent involves the vertical intercept, (0, 16). which lies on both
the original and the new budger constrajnts.
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EXFRCISE 3-2
Show the effect on the budget constraint B, in Figure 3-3 of a rise in the price
of food from $10/Ib to $20/1b.

Lxercise 32 demonstrates that when the price of food chinges, the budget
constraint rotates about ils horizontal itercept, Note also that even though
income and the price of shelter remam the same, the new budger constraint
curtatls not only the amount of {vod the consuner can buy, but also the amount
of shelwer.

When we change the price of only one good, we necessarily change the slope
of the budget constraing, — £/ P The same is rue if we change both prices by
different proportions. But as Exercise 8-3 will illustrate, changing both prices by
exacily the saine proponion gives rise to . new budget constraint with the same
slope as before.

B EXERCISE 3-2

Show the ¢ffect on the budget constraint B, in Figure 3-3 of a rise in the price
of food from $10,/1b to $20/lb and a rise in the price of shelter from $5/sq yd
to $10/sq vd.

Note from Exercse 3-3 that the cffect of doubling the prices of boeth food
and shelwr is wo shift the budget constraint inward and parallel to the original
budget constraint. The important lesson of this cxercise is that the slope of a
budget constraint tells us only about relative prices. nothing aboud how high prices
are in absolute terms. Wien the prices of food and shelter change in the same
nyoporton, the opporturnity cost of shelter in terms of food remains the sarme
as before.

Income Changes. The effcct of 4 change i income is much like the effect of
an. equal propertional change in all prices. Suppose. for example. that our
hypothetical consumer’s income is cut by half, hiom $100/wk to $30/wk. The
horizontal intercept of the consumer's budget constraint then falls from
20 sq vd/wk to 10 sq vd/wk, and the vertical intercept falls from 10 h/wk 1o 3
th/wk, as shown i Figure 3-4. Thus the new budget, £, is parallel 1o the old,
B, cach with a slope o — l— In werms ol its effect on what the consumer can buy,
cutting incote by onc-half 15 thus no different from doubling each price. Pre-
cisely the same budget constraint results from beih changes.

i, EXERCISE 2-4
Show the effect on the budget constraint B, in Figure 3-4 of an increase in income
from $100/wk to $120/wk.

Exercise 3-4 illustrates thar an increase n income shifls the budgel constraint
parallel ourward. As in the case of an imcome reduction, the slope of the budget
constraint remains e same.
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FIGURE 3-4

Both horizontal and ver-
tical intercepts fall by
half. The new budget
constraint has the same
slope as the old, but is
closer to the origin.

At

THE EFFECT OF CUTTING INCOME BY HALF

Food (th/Awk)

MiF =10

O5M/Pr=5

Shelter (sg ydiwk)

SUDGETS INVOLVING MORE THAN TWO GOOLE

Composite good

In an analysiz of the
consumption of a
specilic good X, the
composite good refers
1o the amount

of monev the
consumer spends
on all goods wher
than X,

The exampices discussed so {ar have all been ones in which the consumer is faced
with the oppormuniry to buy only two different goods. Needless (o say, not many
consumers have such narrow options. In its most general form, the consumer
budgeting problem can be posed as a choice between not two but N different
goods, where N can be an indefinitely large number. With only two goods
(N = 2), the budget constraintis a straghi line, as we have just seen. With three
goods (N = 3), it Is a plane. When we have more than three goods, the budgel
constraint becomes what mathematicians call a hyperplane, or multidimensional
plane The only veal difficulty 1s in representing this multidimensional case geo-
metrically. We are just not very good al visualizing surfaces that have more than
three dimensions.

The nincteenth-cenrury economist Alfred Marshall proposed a disarmingiy
simple solution to this problem. Itls to view the consumer’s cholee as being one
and an amalgam ot other goods, denoted

borween a particular good—call it X
Y. This amalgam is generally called the composite good. We may think of the
composite good as the amount of incorme the consumer has lefi over after buving
the good X Equivalently, it is the amount of money the consumer spends on
goods other than X

To illustrate how this concept is used, suppose the consumer has an inconie
level of SM/wk, and the price of X is given by Py The consumer’s budget
constraint mayv then be represented as a straight line in the X, Yplane, as shown
in Figure 3-3. For siplicity, the price of a unit of the compaosite good is taken
1o e L, so that il the consumer devates none of his income to X, he will be able
to buy M units of the composite good. All this means is that he will have 3.
available o spend on other goods if he buys ne X Alternatvely, if he spends all
his income o X, he will be able w purchase the bandle (MV/ P, 0). Since
the price of ¥ s assunmed to be S1/unit, the slope of the budget constraint is

sunply = Py
As betore. the budget constraing simmarizes the varions combinatons of
bundles that are affordable, Thus, for example, the consumer can have X units
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FIGURE 3-5 THE BUDGET Oy
The vertical axis mea-

sures the amount of Y
money spent each
meonth on all goods Y
other than X,
L7 ..
! {
i
Y, [ - s Fmmmmeo i
; | Slope = -7
I ] ‘/
i 1 )"’
L—L«——J———f—' —_——X
0 X, X, ML

of Xand ¥, unin of the commposite good in Figure 3-5, or X, and ¥, or any other
combinaton that lies on rhe budget constraint

KINKED BUDGET ¢ QNSTRS

The budget constraimts we have scen so far have all been straight lines. When
relative prices are constant, the opportunity cost of one good in terms of any
otheris the same, no matter what bundle of goods we already have. Butsometimes
the budger coustraints we cncounter i practice are kinked lires. By way of
lustravon, consider the [ollowing example of quantity discounts,

The Gigawati Power Company charges $0.10 per kidoviatt-howr (kwh) for the first
L1000 f’wh of power purchased by a residential customer ecach month, but only
80053/ kwek for all additional kwh. For a residential customer with a month!v
income of $400, wraph the ludget constraint for electric power and the composite
good.

i thg consumer buys no C'E‘LUIC power at aII he le have $400/mo avallable for
the purchase of ather goods. Thus the vertical intercept of his budget constraint
is the point (0, 400). As shown in Figure 3-6, for each of the first 1000 kwh he
buys, he must give up $0.10, which means that the slope of his budget constraint
starts out at —1/10. Then at 1000 kwh/mo, the price falls to $0.05/kwh, which
means that the slope of his budget constraint from that point dghtward is only
- 1/20.

Note that along the budget constraint shown in Figure 3-6, the opportunity
cost of elecriciny depends on how much eleciricity the consumer has already
purchascd. Cousider w consumer who now uses 1020 kwh each month and is
tryving to deade whether to Jeave his front porch light on all night, which would
[e<uh in an additonal consumpton of 20 kwh/mo. If he leaves the light on, it
will cost him an extra 31/mo. Had his usual consumption level been only 980
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i FIGURE 3-6 A QUANTITY DISCOUNT GIVES RISE TO A NONLINEAR BUDGET CONSTRAINT
i Once electric power
i consumption reaches Y($/mo)
| 1000 kwh/mo, the op-
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! kwh/mo, however, the cost ot leaving the frout porch light on would have been
j §2/mo. On the hasis of this difference in the cpporwnity cost of additional
‘; electricity, we can predict thar people who alreads use a lot of clectricity (that
5. When i is, more than 1000 kwh/ma) should be more tikely than others o leave their
5 Of_ ary i porch lighis burning at night.
neumes l
way of |
| [F THE BUDGET CONSTRAINT IS THE SAME. THE DECISION SHOULD BE THE SAME
the first ? Even wilhgut know.ing anvihing abo.ut.[hlc ConsuIner’s pr(:f('u)n‘ccs, we can use
wt only b}idgctar}f information to make certain inferences about how arational consumer
nonthly will bf‘have. Suppose, .[or c.‘x;:unplc, Lh.ar the consumer’s tastes do not cha:’xgc
mposite over tme and.Ll?aL he i cm‘.Lh‘mchd \\'1[.11 exuctly the same l_)udgcl constraint in
cach of two diffcrent sitations. I he is ratonal, he should make csactly the
AN . same clioice in both cases. As the following example will roake clear, however,
ihle for | 1t may not always be immediately apparent that the budgel constraints are in
steaint ! fact the same.
wh he
wstraint On one occasion, Gowdy fills s car’s tank with gasoline on the evening before
which his departure wn a fishing trip. He awakens to discover that a thief has siphoned

is only ‘ out all but } gal from bis 21-gal tank. On anolher occasion, he plans to stofy for

J gas on hiy way oul the next morning before he goes fishing. He awakens to discover
[ “ that he has lost $20 from his wallet. If gasoline selfs for $1/gal and the round-
| infy will consume 5 gal, how, if at all, should Gowdy's decision about wheiher to

“tunity . R . .
e dt) j take the fishing trip differ in the two cases? (Assume that, monetary costs aside,
g iy | the inconvenience of having to refill kus tank is negligible.)

3 g e L e e e esoen
would f Suppose Gowdy's incame is $M/mo. Before his loss, his budget constraint is line
on, it , B, in Figure 3-7. In both of the instances described, his budget constraint at the

ly 980 '_ moment he discovers his lass will shift inward to 8. If he does not take the trip,
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FIGURE 3-7 BUDGET CONSTRAINTS FOLLOWING THEFT OF GASOLINE, LOSS OF CASH

A theft of $20 worth of

gasoline has exactly the Y($/mo}

same effect on the bud-
get constraint as the
loss of $20 in cash. The
bundle chosen should
therefore he the same,
irrespective of the
source of the loss.

, rasaline (gal/mo;
3! A= 200 M -

he will have M — $20 available to spend on other goods in both cases. And if
he does take the trip, he will have to purchase the required gasoline at $i/gal in
both cases. No matter what the source of the loss, the remaining opportunities
are exactly the same. If Gowdy’s budget is tight, he may decide to cancel his trip.
Otherwise, he may go despite the loss. But because his budget constraint and
tastes are the same in the lost-cash case as in the stolen-gas case, it would not
he rational for him to take the trip in one instance but not in the other.

Note that the sitnation described in Example 5-2 has the same strucune as
the one described in the broken-dise example with which we hegan this chaprer.
It 120, is one in which the decision should be the same in both instances because
the budget constraint and preferences are the same in cach,

Although the radonal choice madel makes clear that tie decisions should be
the same if the budget constraines and preferences are the sawne, people some-
times choose differently. The difliculy is often that the way the differenc situa-
uons are described sometimes causes peeple to overlook the essential similarities
between them, For instance, in Example 3-2, many people erroneously conclude
that the cost of taking the uip is higher in the stolen-gas case than in the lost-
money case, and so they are less likely 10 take the wip in the former instance.
Stmilarly, many people were less inclined to buy the disc aflter baving broken
the first one than after baving lost 5190 because they thought, incorrectly, that
the dise would cost more under the broken-dise scenario. As we have seen,
however, the amount thar will be saved by not buving the dise, or by not wking
the mip, is exacily the same under each scenario,

Ta vecapitulate briefly, the hudgel constraint or opporiunity sct simmarizes
the combinavous of bundles that the consumer is able to buv, Ity position is
determined joindy by income and prices. From the set of feasible bundles, the
consumer’s lask is 1o pick the partcular one she likes best. To identfy this
bundle, we need some means of summanrizing the consumer’s preferences over
all possible bundles she might consume. To this Lask we now turm,

s . P L e 7 - A i
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o5

Consumer Preferences
For simplicuy, let us again begin by considering a world with only two goods,
Preference ordering  shelter and [ood. A preference ordering is a scheme that enables the consumer to
A scheme whereby rank different bundles of goods in terms of their desirabiiity or order of prefer-
f}]]lc COI}.SI;‘;JT]H ranks epce. Consider two bundles, A and I Tor concreteness, suppose that A contams
::lonlzzsr:;ptfon 4 s vd/wk of ‘b}v]LL‘lLCI‘ and .‘2 lb/\\‘k.ul foodd, while A has 3 sq )-'_cl/'wk of shelwer
bundles in order of and 3 [/ wk ol foed. Knowing nothing about a consumer's preferences, we can
prefercnce. say nothing about which of these bundles he wall prefer. A has more sheler, but
less food, than £ Somcone who spends a lou of time at home would probably
choose A, while someone with a rapid metabolism would be moere likely to
choose B,

[n general, we can say tha for any two such bundles, the consumer 1s able
1o make one of three posable statements: (1) A by preferred w B (2) B is
preferred wo A, or (3) A4 and B arve equally preferred. The preference ordering
cnables the consumer to rank different bundles, but not w make more precise
quantitative statements about their relavve desirability. Thus, for example, the
consumer might be able to say that he prelers A to B, but not that A provides
twice as much satisfaction as B.

Preference orderings often differ widely among consumers. One person will
like Rachmaninoff, another the Rolling Stones. Despite these differences, how-
ever, most preference orderings share several important features. More specifi-
cally, ceonamists generally assuue four simple properties of preference arder-
ings. We will begin by considering the [irst theee ol these, which take us a
long way toward being able w0 construct the concise analvtical representanon of
preferences we need for the budget allocation problem.

1. Completeness. A proference ordeving is complete if it cnables the consumecr
w rank all possible combinations of goods and services. Taken lrerally, the
completeness assumption is virrually always false, for there ure many goods we
krrow too httle about to be alie 1o evaluate decisively. 1t is nonetheless a useful
simplifying assumptiow {or the analysis of chojces among bundles of goods with
which consumeaers are familiar. [ts real inenre is to rule oul instances like the one
portraved in the fablc of Buridan's ass, The hungry animal was unable to choose
berween two bales of hay in front of him and starved to ceatl as a result.

2. Transitivity.  1f you like sicak beoer than hamburger, and you like hambur-
ger better than hot degs, then you are probably someaone who likes steak better
than hot dogs. 1o say that a consumer's prefercnce ordering is transitive means
that, for any three bundles, A, B, and (01 he prefers A wo Band preters Bro €
then he alwavs prefers A o G The preference relationship is thus assumed o
be like the relationship used w compare heights of people. If Lwing is raller
than Jordan, and Jordan is taller than Wehb, we know that Fwing must be waller
than Webb.

Naotall comparative relationships are transitive. The relationship “half-sibling,”
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tor exawrnple, is not I have a hallsister who, in ters, has three halfsisters of her
own. But her halfsisters are not my halfssisters. A similar nontransitiviey is shown
by the relationship “defeats in football.” Some scasons, Michigan defeats Ohio
State, and Ohio State beats Iowa, but that docsn’t tell us that Michigan will
nceessarily bear lowa.

Transitivity is a simple consistency property and applies as well to the relation
“equally preferred to,” and o any combination of it and the “preferred to”
relation. Thus, for example, il A is equally preferred 1o B and B is equally
preferred to €, itiollows thar 4 s cqually preferred to C Similarly, if A is preferred
to Band Bis cqually preferred to € it follows that A 1s preferred to ¢ Reasonable
as the transitivity property sounds, we will sce examples in later chapters of
behavior that seems inconsistent with it But it is an accurate descripion of
preferences in most instances, and unless otherwise stated, we will adopt 1t
throughout as 2 working assumpuon.

3. More-s-better.  The morc-dsbetier property of preference orderings means
simply that, other things equal, more of a good is preferred to less, We can, of
course, think of examples where more of something makes us worse off rather
than better {as with someone who has overeaten). But these examples usually
contemplate some sort of practical difficulty, such as having a self-control proh-
lem or being unable to store a good for futire usc. As long as people can [reely
dispose of goods they don’t want, laving more of something can’t make them
worse off.

As an example of the applicarion of the more-ds-better assumption, consider
the two bundles A, which has 12 sq v/ wk of shelter and 10 1b/wk of foed, and
5, which has 12 sq vd/wk of shelter and 11 h/wk of food. The assumption tells
us that f7is pl‘c[‘c'rr'tr-d to A, because 1t has more food and no less shelter.

[NDIFFERENCE CURVES

Before proceeding to the fourth assumption about preference orderings, let us
consider briefly some of the implications of the first three. Most imporiant, they
enable us to generate a graphical description of the consumer’s preferences. To
see how, consider first the bundle A in Figure 3-8, which has 12 sq yd/wk of
shelter and 10 1b/wk of foad. The more-s-better assumption tells us that all
bundles to the northeast of A are preferred wo A, and that A, in turn, is preferred
to all those to the southwest of A Thus, for example, the more-is-belter assump-
tion tells us that Z which has 28 sop vel/whkoof shelter and 12 Ib/wk of food, i3
preferred 1o A and that A, inowarn, s preferred to W which has only 6 sq vd/wk
ol shelter and 4 Ib/wk of food.

Now consider the set of bundles that lie along the line joining Wand 7
Because 7 s preforred 1o A and A s preferred wo W foliows that as we move
from 7 1o W, we must encounter a bundle that is equally preferred to A (The
intuition behind this claim is the smne as the inwition that tells ws thar if we
chimb on any continuous path on a2 mountainside from one point at 1000 feet
above sea leve! 1o anothicr ar 2000 feet, we must pass through every intermediate

hea a2 R ST T P RN
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CHAPTER 3: RATIONAL LONSUMER CHOICE

FIGURE 3-8

7 is preferred to A be-
cause it has more of
each good than A has.
For the same reason, A
is preferred to W. It fol-
lows that on the line
joining W and Z there
must be a bundle B
that is equally preferred
to A. In similar fashion,
we can find a bundle C
that is equally preferred
ta 8.

Indifference curve
A set of bundles
among which the
CONSWMCeT s
melifferent.

~1
Oy

GENERATING EQUALLY PREFERRED BUNDLES

Food (IbAwvic)

N e /'Z
\ 1

10 7 than A -
|
8 |
I
A |

Sheller {sq vdiwk)

altitude along the way.) Lot § denote the bundle that is equally preferred ta A,
and suppose it contains 17 sq ydd/wk of shelter and 8 1b/wk of food. (The exact
amovnts of each good in L will, ol course, depend on the specific consumer
whose preferences we are talking about,) The moere-is-berter assumption also
tells us that there will be anlv one such bundle on the swaight line between W
and . Points on that line 1o the nertheast of B are all bewer than B, those to
the souvchwest of B are all worse.

In precisely the samie fashion, we can find anather point—call it C—that is
equally preferred o O € s shown as the bundle (20, 7)), wheve the specific
quantites in Cagain depend on the preferences of the consumer under consider-
atlon. By the transitivity assumpuon, we know that Cis also cqually preferred to
A {since Cs equaily preferved to B which is equally preferred o A).

We can repeat this process as often as we like, and the end result will be an
indifference curve, 4 scL of bundles all of which are equally preferred to the original
bundle A, and hence also equally preferred o one another, This set is shown
as the curve labeled Jin Figure 248 [t is called an indifference curve because
the consumer is indiffercat beiween all the bundles that Lie along it.

An indifference curve alser permits us o compare the satisfaction implicit in
hundles that lic along it with those that lic cither above or below it [L permits
us, for example, to compare bundle € (20, 7) to bundle K (23, 4), which has
less {wod and move shelier than C s, We know that Cis equally preferred to
1 (25, 6) becawse both bundles lie along the same indifference curve, £, in turn,
15 preferred o K becanse of the more-s-better assunption: it has 2 sq yd/wk
more shiclier and 2 1b/wk moze tood than Klas, Transitivivy, finally, rells us that
since Cis cqually preferved to fand Dis preterved w K, € must he preferred
1o K.

By analogous reasoning, we can say that bundle Lis preferred to A, T general,
bundles that lie above an indifference curve are all preferred to the bundles that lie on 1L,
Semilarly, bundles that Lie on an indifference curve are all preferred o those that lie
Lelow it.
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FIGURE 2-9 AN INDIFFERENCE CURVE
An indifference curve is
a set of bundles that Food (lb/wk) '
the consumer prefers
equally. Any bundle,
such as £, that lies N
above an indifference WO_"“"“"‘J:‘?A
curve is preferred to ! i\\
any bundle on the indif-
ference curve. Any bun-
dle on the indifference
curve, in turn, is pre-
ferred to any bundle, ‘
such as K, that lies be- '
low the indifference s !
curve, :
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FIGURE 3-10 PART OF AN INDIFFERENCE MAP
The entire set of a con-

sumer’s inditference Food (Ib/wk)

curves is called the con- \

sumer’s indifference ‘ . .
map. Bundles on any in- Increasing satisfaction
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FIGURE 3-11 THE MARGINAL RATE OF SUBSTITUTION
MRS at any point along
an indifference curve is Food (1b/wkj Enlarged area
defined as the absolute \ \
value of the slope of e A
the indifference curve Y MRS, = LAF1/35,] —"
at that point. It is the —
amount of food the con- AFa ! 2
sumer must be given to
compensate for the loss ASy \\_‘

of 1 unit of shelter. ——

Shelter (sq wdAvk)
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Indifference map

A Tepresentarive
sample of the ser of
a consumer’s
indifference curves,
used as a graphical
summary of her
preference ordering.

The completeness property of preferences implies that there is an indiffercence
curve that passes through every possible bundle. That being so. we can represent
a consumer’s preferences with an indifference map, an example of which is shown
in Figure 3-10. This indifference map sheas qust four of the inlinitelv many
indifference curves thar, taken wycether, vield 2 complete description of the
consumer's preferences.

The numbers £, ..., /; in Figure 3-10 are index values used to denote the
order of preference that corresponds wo the respeciive indifference curves, Any
index numbers would do cqually well provided they satisfied the property J; <
I < & < I In representing the consumer's preferences, whar really couns is
the runking of the indifference curves, not the particular numerical values we
assign to them.!

As the next exercise will establish, two of our first three assumptions about
preference orderings wre enough to establish an additional importait property
of indifference maps.

B EXERCISE 3-5

Show that the more-is-better and transitivity assumptions together rule out the
possibility that any two indillerence curves might cross onc another, Hint: Assume
that two indiffercnce curves can cross and show that this implies a contradiction
of one of our basic assumplions.

TRADEOFES BETWEEN GOODS

Marginal rate of
substitution (MRS)
AL any point on
indifference curve,
the rate at which the
consumer is willing
to exchange the
good measured
along the vertical
axis for the good
measured along the
horizontal axis;
cqual to the absslute
value of the slope of
the indifference
CUTVE.

An important property of a consumer’s preferences is the rate at which he is
willing 1o exchange, or "trade ofl[" one good for another. This property is
represented atuny poinr on an indifference curve by the marginal rate of substitu-
tian (MRS}, which is defined as the absolue value of the slope of the indifference
curve at that point. In the lefo panet of Figure 3-11, for example, the marginal
rate ol substitution at peint A is given by the absolute value of the slepe of the
tangent to the inditference cive at A which is the rave AF/AS,. (The notation
AF; means “small change in food [rom the mnount at point A7) I we ke AF
units of food away from (he cousumer at point 4, we have to give him AS,
acdditional units of shelter to make him just as well off as efore. The right panel
of the figure shows an enlargement of the region surrcunding bundle A, If the
marginal rate of substitution at A is 2, this means that the consumer must be
given 2 1b/wk of food in order 1o make up lor the loss of 1 sq yd/wk of shelter.

Whereas the slope of the budget consuraint tells us the rate at which we can
substitute food for shelter without changing wotal expenditure, the MRS tells us
thie rete at which we can substtute food for shelter withour changing towl

“¥or @ more complete discussion of this issue, see the Appendix to this chapter.
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FIGURE 3-12

The maore food the con-
sumer has, the more
she is willing 1o give up
to obtain an additional
unit of shelter. The mar-
ginal rates of substitu-
tion at bundles A
and D are 3, 1, and z
respectively

PART TWO: THE THEORY OF CONSUMER BEHAVIOR

DIMINISHING MARGIMAL RATE OF SUBSTITUTION

Food (Thiwk)

17 1—
q L
R » (D16, 3)
| .
N S D A
. Shelter (sq yoiwk)
0 3 ; 16

satisfaction.” Put anather way, the slope of the budget constraint is the marginal
cost of shelter in tevms of food, while the MRS is the marginal benefit of shelter
in terins of food.

Our fourth and Anal assumption about preference orderings concerns the
behavior of the MRS as we move dowrswvard along an indifference curve,

4. Diminishing Marginal Rate of Substitution. This assurnption states that,
along any indifference curve, the more a consumer has of one good, the more
she must be given of that good before she will be willing to give up a unit of
the other good. Stated differently, MRS declines as we move downward w the
right along an indiffercnce curve. A preference ordering with a diminishing
marginal rawc of substitution will thus gencrate indifference curves that are
convex—oar bowed outward—when viewed from the origin, The indifference
curves shown in Figures 3-9, 3-10, aud 3-11 all have this property, as deces the
curve shown in Figure 3-12.

In Figure 3-12. note ar bundle A thau food s relatively plendful and the
consumer would be willing 1o sacrifice 3 1b/wk of 1t in order 1o obtain an
additional square yvard of shelier. Her MRS at A is 30 At € the quantities of food
and shelier are raore balanced, and there shic would be willing to give up only
1 1b/wk o obtain an additional squarce vard of shelier, Her MRS at Cis 1. Finally,
nete that {oad is relatvely scarce at £, where the consumer would need 5
additional sq vd/wk of shelter in return for giving up 11b/wk of food. Her MRS
atLris 175

> More formally, the indifference curve may be expressed as a function ¥ = F(X}, and the MRS at
point A is defined as the absolute value of the derivative of the indifference curve at that point
MRS = [dFX) /dX].
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FIGURE 3-13
Relatively speaking,
Tex is a potato lover;
Mahatma a rice lover.
This difference shows
up in the fact that at
any given bundle Tex’s
marginal rate of substitu-
tion of potatoes for
rice is smaller than
Mahatma’s.

B Y FE N R LS T

PEOPLE WITH DIFFERENT TASTES

Potatoes (IbAvk)

E
Tex's

"-\ indifference
map

Rice (Ib/wk)

Potatoes i1bAwk;

Mahatma's
indifference

Rice (ibawk)

Innuitively, diminishing MRS means that consumers like variery. We are usually
willing to give up goods we already have a lot of in order 1o obtain more of

those goods we now have only a litte of.

USING INDIFFERENCE CURVES TO DESCRIBE PREFERENC S

To get a feel for how indifference muaps describe a conswmer's preferences, it

is helpful to work through a brief series of examples. As a preliminary exereise,
letus see how indifference maps can be used to portray differences in preferences
hetween two COnRSuImers. Supposcu for c‘:xampl(‘, that both Tex and Mahatma like
potatoes but that Mahatma likes rice much more than Tex does. This difference
i their tastes is captured by the differing slopes of their indifference curves in
Iigure 3-13. Note in Figure 3-13¢, which shows Tex's indifference map, that Tex
would be willing to exchange 1 1b ol potatoes tor 1 1b of rice at bundle A But
atthe corresponding bundle in Figure 3-134, which shows Mahatma's indifference
map, we see that Mahatna would trade 2 1b of potatoes for only | lb of rice,
Thenr difference in preferences shows up clearly in this difference in their mar-
ginul rates of substitution of polatocs for rice.

In the examples that follow, we will explore the role of somce of our assumptions
about preference orderings by examining preferences that do not obey all these

ASSLM PHIONS,

Indifference curves for perfect substitutes. Mattingly is behand in his intermediate
microeconomics conrse and wants to stay ifs late studying for an exam. To remain
alert, he goes ont to buy some caffeinated soda. The store carvies both Coca-Cola
and ja{rf Cola. foli /.:q\s twice the ('affc*inf_of Coke, and for now Mattingly cares
only ahoul tolal caffeine content. Dvaw fas indifference map for Coke and Jolt.
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FIGURE 3-14

One good is a perfect
substitute for another if
the MRS is everywhere
constant. Here, the
MRS is 2 at each point
along each indifference

curve,

FAasT TWeoy THE THEORY OF CONSUMER BEHAVIOR

INDIFFERENCE CURVES FOR PERFECT SUBSTITUTES

Coke pintsadoyl

Increasing satisiaction

Jolt fpints/day)

For Mattingly, joit and Coke are perfect substitutes. This means that his indifference
curves will not have the usual convex shape but will instead be linear. The top
line shown in Figure 3-14 is the set of all possible Coke-Jolt combinations that
provide the same satisfaction as the bundie consisting of & pints of Coke per day
and O pints of Jolt per day. Since each pint of Jolt has twice the caffeine of a pint
of Coke, all bundles along this line contain precisely the same amount ¢f caffeine.
The next line down is the indifference curve for bundles equivalent to bundle
{0, 4); and the third line down is the indifference curve corresponding to (O, 2.
Along each of these indifference curves, the marginal rate of substitution of Coke
for Jolt is always 2/1 (2 pints of Cake for every pint of Jolt.

Preferences in which goads are perfect substitutes fail to satisly the assumption
of diminshing MRS, Normally, the more of one good a person has, the more
of it he is willing 10 exchange for another. In the case of perfect substitutes,
however, the MRS is everywhere constant. Note that when we say that once good
is a pertect substitute for another, that does not necessarily mean tha they are
one-for-one substiticies. In the Jnli-Coke illustration, for instance, Mattingly required
2 pints of Coke to make up for the Joss of 1 pint of Jolt, An example of perfect
vue-for-one substitutes wonld be red shirts and green shires for a consumer who
is color-blind.

Indifference curves for perfect complements. Veend, an aggressive shier, spends all
her income on skis and bindings. She wears out 1 pair (fr) of skis for every parr
of bindings she wears out. Graph Vieni's idifference curves.

Here we are confronted with the polar opposite case from the one considered in
Example 3-3. Notonly are skis and bindings not perfect substitutes for onie another,
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FIGURE 3-15

Perfect complements
are always used in
fixed proportions, here
1 pair of skis for every
pair of bindings.

INDIFFERENCE CURVES FOR PERFECT COMPLEMENTS

Skis (pr/yr)
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but they are not substitutes at all. To get any erjoyment from them, Vreni must
consume them in exactly the right proportion. In Figure 3-15, consider the bundle
that consists of 4 pr of skis per year and 4 pr of bindings. How will the satisfaction
Vreni gets from that bundle compare with the satisfaction she gets from the bundlle
consisting of 4 pr of skis per year and 5 pr of bindings? Since she already has skis
and bindings in precisely the proportion she wants, the extra pair of bindings
makes her no better off than before. Provided she is not forced to use the extra
pair, however, it does not make her any worse off either. She can leave it aside
and continue to use 4 pr of skis per vear and 4 pr of bindings. Thus the bundle
consisting of 4 pr of skis per year and 5 pr of bindings lies on exactly the same
indifference curve as the original bundle. By similar reasoning, the bundle consist-
ing of 5 proof skis per year and 4 pr of bindings lies on this indifference curve as
well. Proceeding in like fashion, we can trace out the entire indifference curve
passing through bundle (4, 4), which is denoted as f, in Figure 3-15.

All of Vreni’s indifference curves will have the same L-shape as /), and their
cusps will all lie along the ray with slope = 1, as shown in the diagram. Thus,
for example, I, is the indifference curve that contains bundle (16, 16).

Preference orderings involving perfect complements do not satisfy the more-
1s-hetter assumption. Once the desived ratio is achieved, adding more of any
oue good docs not make the conswmer bewer off Nor does the marginal rate
of substituuon diminish smoothly as we maove along the indifference curve. On
the contrary, it is infinite on the vertical arm of the inditference curve, zero on
the horizonial, and undefined at the cusp.




FIGURE 3-Té

Two goods are less-
than-perfect substitutes
(a) if the MRS dimin-
ishes only slightly with
downward movements
along an indifference
curve. Substitution pos-
sibilities exist between
less-than-perfect com-
plements (b}, but are
very limited.

PART TWO T HE THEORY OF CONSUMER BEHAVIOR

INDIFFERENCE £ URVES FOR LESS-THAN-PERFECT SUBSTITUTES AND COMPLEMENTS
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B EXERCISE 3-G
Draw Vreni's indifference curves on the assumption that she is such an aggressive
skier that she wears aut 2 pr of skis for every pair of hindings she wears out.

Iixercise 3-6 illustrates that geods can be perfect complements without being
vne-for-one complements,

Pairs of goods can be cither substitutes or complements without being perfect
substitutes or complements. For many people, coffee and tea are an example of
less-than-pertect substitutes. The more nearly & perfect subsiitute one good is
tor another, the closer to straighr lines will be the inditference curves tor those
goods. Thus a wpical consumer’s indifference curves for coflee and rea, shown
i1 Figure 3-16a, would not be perfectly straight lnes, but neither would they
exhibit a great deal ol curvatre. Pairs of goods can also bhe complementary
without being perfectly so. Someonc may prefer a certain amournt of butter on
each slice of toast, for cxample, and ver noi insist thar buiter and wast he
combined in absolutely fixed proportions. For such a person butter and toast
can be substituted for one another, bt only within very narrow limits. The
indifference curves in this case would look semething like the ones in Figure
3-166. They are not pertectly Leshaped, but they dispiay much more pronounced
curvarure than we sce in the usual case. This cousumer norrnally likes a pat of
butter with each slice of wast. As we swap butter tor toast, his indifference curves
do not become vertical (as they would o the case of peclect complemenrs), but
they quickly become very steep. Il he had 1060 slices of toast per week but only
a single par of butter, his satsfaction would not increase much i we gave him
ver another slice of toast. By the same token, if he had 100 pats of butter per
week und only 1 slice of toast, an exira pac of burter wouldn't help much.
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When the consumer
doesn’t care about
pears, the marginal rate
of substitution of apples
for pears is zero. The
consumer needs no ad-
ditional apples to com-
pensale for the loss of a
unit of pears.
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A neutral good, vve Lkes apples bt doesn’t cove about pears. If apples and pears
are the only two goods availdable, draw her indifference curyes.

As betore the techmque for seemg what an mdzrterence curve loaks like is to
start with some bundle, take a small quantity of one good away, and then ask
how large an increase in the other good would be required to restore the original
satisfaction level. in Figure 3-17, for example, suppose we start at bundle A and
then take away AP units of pears. How many more units of apples would we
have to give Fve to make her just as happy as at A? The answer is none, because
she didn’t care about pears in the first place, and therefore suffered no loss in
satisfaction when we took AP units of pears away. Bundle & is thus on the same
indifference curve as bundle A, as are all other bundles on the horizontal line
through A. All of Eve’s indifference curves are in fact horizontal lines, as shown
in Figure 3-17. Apples alone determine her level of satisfaction, and so the amount
of pears in any bundle cannot be used to identify the indifference curve on which
the bundle lies. Such irrelevant goods are called newtral gooo‘s

As in the pericer complements example. prelerences involving neutral goods
violate both the more-is-better snd diminishing MRS assumptions, Having more
of the neuwral good neither helps nov hurw, Fve's MRS of apples for pears is
cvenvwlhicre zero.

When maore of a good is worse. Koop likes food bt dislibes cigarette smoke. The
more food he has, the move he would be willing to give up lo achieve a given
reduction in agarette smoke. If food and cigarette smoke are the only two goods,
draw Keop’s mdz/j‘}zrence CUTUES.

,\gam start at a given bundle, such as A in F:gure 3-164. Then take away a small
amount of food, AF, and ask what change in smoke, AS, would be required to
restore Koop's original satisfaction level. In the standard case, when we take one
good away, we need to add more of the other. This time, however, we compensate




FIGURE 3-18

When the goed mea-
sured along the hori-
zontal axis is undesir-
able (&), indifference
curves are positively
sloped. Satisfaction
increases with move-
ments to the northwest
in the diagram. The in-
difference map in (a)
can be transformed to
the more conventional
arientation (b) by rede-
fining the undesirable
good.

FIGURE 3-19

The best the consumer
can do is to choose the
bundle on the budget
constraint that lies on
the highest attainable in-
difference curve. Here,
that is bundle F, which
lies at a tangency be-
tween the indifference
curve and the budget
constraint,
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INDIFFERENCE CURVES WHEN ONE GOOD 15 UNDESIRABLE
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by taking away some of the other good. Thus, for example, when we take AF
units of food away from Koop, we must reduce the smoke level by AS in order
1o restore his original satisfaction level, This tells us that the indifference curve
through A slopes upward, not downward. Koop would be just as happy with a
smaller meal served in a restaurant with a no-smoking section as he would with
a larger meal served in a restaurant without one.

What about the curvature of Keop's indifference curves? We know that the
more food Koop has, the more he is willing to trade for a given amount of smoke
recluction. This tells us that the slopes of his indifference curves increase as we
move to the right. Put another way, the MRS at B8 must be higher than the MRS
at A. Koop's indifference curves for food and smoke must thus fook something
tike the ones shown in Figure 3-18a. In the slandard case, satisfaction increases
as we move to the northeast on the indifference map. Here, it increases as we
move (o the northwest.

THE BEST AFFORDABLE BUNDLE

Food 1lbawk)

The best affordable bundle
/

Skelter (s ydiwk)
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Needless to sav. preference orderings defined over undesirable goods will not
salishy the more-is-hetrer assumpuon. In such cases, however, 11 1s usually possible

to portray the conswmer’s preferences in the usual fashion by simply redefining
; the undesirable good. Thus, in the previous example, we might focus not on
‘r smoke, an undesirable good, but on ¢leanliness (the abscnce of smoke), which
| is clearly desirable. So doing would recast the indifference map in the lett panel
‘ (ay of Tigure 3-18 as the much mere conventional looking one in the right panel

s i
) l (4. Here, the cleanliness axis essentially measures the absence of smoke. Thus,
for example, points near the origin would correspond 1w the highest smoke
_ \ levels, with smoke declining as we move to the right. Note that satisfaction now
aliness ! mereases as we move to the northeast, just as in the usual case.

The Best Feasible Bundle

ke AF | We now have all the wols we need to deternune how the consumer should

y order allocate his income between twe goods. The indifference map tells us how the
curve ‘ various bundles are ranked in order of preference. The budget constraint, in

with a | turn, tells us which bundles are atfordable. The consumer’s task 15 o put the

d with two together and to choose the most preferred affordable bundle. (Recall from
Chupter 1 that we necd notsuppose that consumers think explicidy about budger
1at the | constraints and inditterence maps when deciding what to buy. It is sufficient o
smoke f assume that people make decisions as if they were thinking in these Lerms, Just
as we 3 as expert pool players choose between shots as il they knew all the relevant laws
e MRS | of Newtonian physics.)
ething I For the sake of concreteness, let us again consider the choice between food
reases | and shelter that confronts a consumer with an mcome of AL = $100/wk facing

as we prices of Pr = $10/1b and Ay = 35/5q yd. Figure 3-19 shows this consumer’s

budger constraint and part of his indifference map. Of the five Jabeled bundles—

— A B0 L F and G—in the diagram, ¢ is the mosi preferred because it lies on

. the highest indifference curve. G, however, 1s not affordable, nor s any other

- bundle that lies hevond the budget constraint. The maore-is-better assumption

implies that the best affordable bundle must lic on the budget constraint, not

' inside 1t (Any bundle inside the budger constraint would he less preferred than
one just slightly to the northeast, which would also be affordable.)

Where, exactly, 1s the best affordable bundle located along the budget con-
straint: We know that it cannot be on an indifference curve that lies partly inside
the budget constraint. Op the indifference curve ), for example, the only points
that are even candidates for the best affordable bundle are the two thal lic on
the budget constraing, namely, A and f. But A cannot e the best altordable
bundle because it is equally preferred to £, which, in turn, is less desirable than
£ by the more-is-better assurnption. So by iransitiviey, A is less desirabie than £
For the same reason, [ cannot he the best affordable bundle.

Since the bese affordible bundle cannot lie an an indifference curve thar lies
partly inside the budget constraing and since it must lic on the budge! constraint

|
t
s
i
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isclf, we know it has to lic on an indifference curve that intersects the budget
constraint only once. In Figure 3-19, that indifference curve is the one labelec
A, and the best affordable bundle is F, which hes ar the point ot iangency between
Iy and the budget consraint, With an mcome ol $100/wk and facing prices of
$5/5q vd for shelter and S10/1b for food, the best this consumer can do is to
buy 6 1h/wk of food and 8 sgq vd/wk of shelter.

The ¢hoice of bundle £ inakes perfect sense on intuitive grounds. The con-
sumer’s goal, after all, is to reach the highest indifference curve he can, given
his budget constraint. Ths strategy 1s 1o keep moving 1o higher and higher
indifference curves unl he reaches the highest one that is stll allordable. For
indifference maps tor which « tangency point exists, as in Figure 3-19, the best
bundle will alwavs Tie al the point of Langency.

In Tigure 5-19, note thar the marginal rate of subsuiution at I7is exactdy the
same as the absohate value ol the slope of the budget consiraint, This will always
be so when the best affordable bundle occurs at a point of wngency. The
condition that must be satsfied in such cases is therclore

’ 3
MRS = 2
Pr

The right-hand sicde of Euation 3.8 represents the opportimity cost of shelter
in erms of food. Thus, with £ = §5/5q yd and /= 510/, the opportunity
cost of an additonal square yard of shelter is 5 Ib of food. The lefi-hand side of
Equation 3.3 1s [Af7AS], the ubsolute value of the slope of the indifference curve
at the point of tangency. [t is the arnount of additienal food the consumer must
be given in order o compensate him fully for the loss of T sq yd of shelter, In
the language of cost-benefit analysis discussed in Chaper 1, the slope of the
budget constraint represents the opportunity cest of shelter in terms of [ood,
while the slopc of the indilference curve represents the benefirs of consuming
shelter as compared with consuming tood. Since the slope ol the budger con-
straint is — 1/2 in this cxample, the angeney condition tells us that 2 1b of fwod
would be required o colllpumate tor the benefits given up with the loss of
1 sq vel of shelier,

If ithe consumer were al some bundle on the budget line for which the two
slopes are not the same, then it would always he possible for him 1o purchase a
better bundle. To see why, suppose hie were at a poinl where the slope of the
wdifference curve (in absolute value) is less than the slope of the budget con-
straiiit, as at point £7in Figure 2210, Suppaose. for mstance, that the MRS ar 713
ouly /4. This tells us that the consumer can be compensated for the loss of
1 sq yd of shelter by being given an additienal L1b of food. But the slope of the
budger constraint tells ws that by giving up | sq vd of shelter, he can purchase
an additional l Ib of food. Since this is + 1b more than he needs to remain coually
satisfied, he will ¢learly he betier off if he purchases more food and loss shelter
than at point £ The aopporiunity cost of an additional pound of food is less than
the bernefit it confers,

e T T Y S i S
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FIGURE 3-290

When the MRS of food
for shelter is always
less than the slope of
the budget constraint,
the best the consumer
can do is 1o spend all
his income on food.

A CORNER SOLUTIO

food (thAvk)
| __— The best affordable bundle

——— Shaelter f5q ydiwk)

- © EXERCISE 3-7

Suppose that the marginal rate of substitution at point 4 in Figure 3-19 is 1.0,
Show that this means that the consumer will be better off if he purchases less
food and more shelter than at A.

CORNER SO1UTIONS

Comer solution Iny
a choice benwveen
1w goods, a case in
which the consumer
docs not consume
one of the goods.

The best affordable bundle necd not absays oceur at a point of mngeney. In
some cases, there may simply be no point of tangency—the MRS may be every-
where greater, or less, than the slope of the budget constraint. In this case we
ger a corner solution, like the one shown in Figure 3-20, where M, P, and P are
again given by S100/wk, SI6/1h. and 35/sq vd, respectively. The best aflordable
bundle is the one Jabcled AL and i lies at the upper end of the budget constraint.
At A the MRS is less than the absohue value of the slope of the budget constraint,
For the sake of dlustravon, suppose the MRS w A = 0.25, which means that
this consumer would ke willing to give up 0.23 1 of food to get an addidonal
square yard of shelter. But at market prices the opportunity cost of an additonal
square yard of shelter is (1.5 b ol food. TTe increases his satisfaction by continuing
Lo give up shelter tor more food unul 1t is no longer possible 1o do so. Even
though this consumer regards shelter as a desirable comrmeaodity, the best he can
do s to spend all his incomce on foed. Market prices are such that he would
have to give up oo rmich food o make the purchase of even a single unit of
shelter worthwhile.

The indifference wap showa in Figure 3-20 satisfics thie property of diminish-
mg marginal rate of substitution—moving 1o the right along any indifference
curve, the slope hecores smaller in absolute terms. But because the slopes of
the indifference curves starr out smaller than the slope of the hudget consmraint
here, the mwo never reach equality.

Recall that indilfercnice curves that are nor strongly convex are characteristic
ol goods that are easily substituted {or one another. Corner solutions are mare




FIGURE 3-21

Here, the MRS of Coke
for Jolt is 2 at every
point. Whenever the
price ratio P /P: is less
than 2, a corner solu-
tion results in which
the consumer buys only
Jolt. On the budget con-
straint 8, the consumer
does best to buy bun-
dle A,

PART TWO  THE THEORY OF ¢ GNSUMER BEHAVIOR

EQUILIBRIUM WITH PERFECT SUBSTITUTES

Coke fpintsiday)

Jolt (pints/day)

likehy 1o ocewr for such goods, and indecd are alimost certain to occur when
goads are perfect substtutes. For such goods, recall, the MRS does nat diminish
at all; rather, it s everywhere the same. With perfect substitutes, indifference
curves are straight lines. If they happen o be stegper than the budget constraint,
we get a corner solution on he horizontal axis; if less steep, we get a corner
sclution on the vertical axis,

Consider again the case of Mattingly, the caffeinated cola drinker from Example
3-3. Recall that he spends all his soft drink budget on Coca-Cola and Jolt Cola,
and cares only aboul the total caffeine content of what he drinks. Jf Jolt has twice
the caffeine of Coke, and if folt costs 31/ pint and Coke costs $0.73/pint, how will
Mattingly spend his soft drink budget of 315/wh?

Mattingly’s budget constraint, denoted 8, and indifference map are shown in
Figure 3-21. The slope of his indifference curves is — 2, of his budget constraint,
—4/3. The best affordable bundle is the one labeled A, a corner solution in which
he spends all his budget on Jolt. This makes intuitive sense in the light of Mattingly’s
peculiar preferences: he cares only about total caffeine content, and at the given
prices, Jolt provides more caffeine per dollar than Coke does. If the Jolt-Coke
price ratie, P/F,, had bean 3/1 (or any other amount greater than 2/1), Mattingly
would have spent all his income on Coke. That is, we would again have had a
corner solution, only this time on the vertical axis, Only if the price ratio had
been exactly 2/1 might we have seen Mattingly spend part of his inconre on each
good. In that case, any combination of Coke and Jolt on his budget constraint
would have served him equally well.

Maost of the tme we will deal with problemns that have not corner but inferior
solutions—that is, with problems where the best affordable bundle will lie at a

L U, & e S el St - T
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' boint of tangency, An interor seludon, again, is one where the MRS is exacdy
i b 8 ) AT, ;
: the same as the slope of the budget constraint.

i

oy -y

INDIFFERENCE CURVES WHEN THERE AR MORE THAN TWO GOODS

[ The examples discussed so far have all been ones in which the consumer cares
‘i about only two goods. Where there arc more than two, we can construct indiffer-
; cuce curves by using the same device we used earher to represent multigood
! budget constraints. We simply view the consumer’s chioice as being one between
a particular good Xand an amalgan of other goods ¥, which is again called the
composite good, As belore, the composite good is the ameount of incowme the
consumer has lelt aver after huving the good X

e e

In the multigood case, we mayv thus continue o vepresent the consumer's
. preferences with un indifference map in the XV planc. Here, the indifference
g curve tells por the rate ai which the consumer will exchange some particular
: good Yior a good X, but the rate at which he will exchange the composite good
for X Justas in the wo-good case, equilibrium occurs when the consumer reaches
the highestinditference curve attainable on his budget constraint,

Eur when
E&jimi_n ish
pfference
pnstraint, |

| An Applicaiion of the Rativnal Choice Modei

{ As the following exzunple will make clear, the composite good construct enables
us to deal with more general questions thar we could in the simple two-good
casc.

%'—4— Is it better to give poor freople cash or food stamps?
own in ’ - i . —
orjﬁlraint, { One of the objectives of the foed stamp program is to alleviate hunger among
in which poor people. Under the terms of the program, people whose incomes fall below
attingly's « a certain level are eligible to receive a specified quantity of food stamps. Thus,
é given ior example, a person with an income af $400/mo might be eligible for $T100/mo
folt-Coke ‘ worth of stamps. These stamps can then be used to buy $100/mo worth of food.
Mattingly : Any food he buys in excess of $100/mao he must pay for in cash. Stamps cannot
e had a be used to purchase cigarettes, alcohol, and various other items. The government
falio had | gives food retailers cash for the stamps they accept in exchange for food.
2on each - The cost to the government for the consumer in the example given was $100—
Onstraint | the amount it had to reimburse the store for the stamps. Would the consumer
. have been better off had he instead been given $100 directly in cash? We can
" try to answer this question by investigating which alternative would get him to a
_ higher indifference curve.
WJ Suppose Y denotes the composite good and X denotes food. If the consumer’s

income is $400/mo and P, is the price of food, his initial equilibrium is the bundle
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FIGURE 3-22

By camparison with the
hudget constraint under
a cash grant (AF), the
budget constraint under
food stamps (ADF) lim-
its the amount that can
be spent on nonfood
goods. But for the con-
sumer whose indiffer-
ence map is shown, the
equilibriumn bundles are
the same under both
programs.

FOLEE THEORY OF CONSUMER BEHAVIOR

T PROGRAM

$400/P, $500/Py

X7 X

J shown in Figure 3-22. The effect of the food stamp program is to increase the
total amount of food he can buy each month from $400/P, to $500/P,. In terms
of the maximum amount of food he can buy, the food stamp program is thus
exactly the same as a cash grant of $100.

Where the two alternatives ditfer is in terms of the maximum amounts of cther
goods he can buy. With a cash grant of $100, he has a total monthly income of
$500, and this is, of course, the maximum amount of nenfood goods (the composite
good) he can buy. His budget constraint in this case is thus the line laheled AE
in Figure 3-22.

With the food stamp program, by contrast, the consumer is not able to buy
3500/mo of nonfood goods because his $100 in food stamps can be used only
for food. The maximum amount of nonfood goods he can purchase is $400. In
Figure 3-22, his budget constraint under the food stamp program is labeled ADF,
For values of ¥ less than $400, it is thus exactly the same as his budget constraint
under the cash grant program. For values of Y larger than $400, however, his
budget constraint under the food stamp program is completely flat.

Naote that the consumer whose indifference curves are shown in Figure 3-22
buys exactly the same bundle, namely, bundle K, under both programs. The effect
of the food stamp program here is precisely the same as the effect of the cash
grant. In general, this will be true whenever the consumer with a cash grant waould
have spent more on food anyway than the amount of food stamps he would have
received under the food stamp program.

Figure 3-23 depicts a consumer for whom this is not the case. With a cash
grant, he would choose the bundle L, which would put him on a higher indifference
curve than he could attain under the food stamp program, which would lead him
to buy bundle . Note that bundle D contains exactly $100 worth of food, the
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FIGURE 3-23

For the consumer
whose indifference map
is shown, a cash grant
would be preferred to
food stamps, which
force him to devote
more to food than he
would choose to spend
on his own.

T S S C)“!

$100/P, 5400/P, $500/Py

amount of food stamps he received. Bundle [, by contrast, contains less than
$100 worth of food. Here, the effect of the food stamp program is to cause the
recipient to spend more on food than he would have if he had instead been given
cash.

The face value of the 1ood stamps received by most participants is smaller than
what they would have spent on food. For these peaple, the food stamp program
feads, as noted, to exactly the same behavior as a pure cash grant program.

The analysis in Example 3-8 raises the question of why Congress did not just
give poor people cash grants in the first place. The ostensible reason 1s that
Congress wanted to help poor people buy food, notluxury items or even cigarettes
and alcohol. And ver il most partcipants would have spent at least as much on
food as they received in sramps, not being able to use slamps e buy other things
is a meaningless restriction. For instance, if someone would have spent 3130 on
[ood anyway, getring $100 in food stamps simply lets him take some of the moeney
he would have spent on foad and spend it instead on whatever else he chooses.

On purely economic grounds, there is thus a strong case for replacing the
food stamp program with a much simpler program of cash grants to the poor.
At the very least, this would eliminate the cumbersome siep of requiring grocers
to redeern their stamps for cash.

As a politcal matter, however, it s easy to see why Congress might have set
things up the way it did. Many of the taxpavers who sponsor antipoverty programs
would be distressed to see their tax dollars used w buy illicit substances. If the
tood stamp prograny prevenis even a tiny rinoriry of participants {rom spending
more on such goads, it spares many polivcal ditficultics.
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PART TWO: THE THEORY OF CONSUMER BERAVIOR

THE PUZZLE OF GIFT GIVING

Summiry

Example 3-8 calls our attennuon te a problem that applics not just o the food
stamp program but to all other lorrms of in-kind transters as well. 11 is that while
the two forms of transfer are sometimes cquivalent, gifts in cash seem clearly
superior on those occasions when they differ. Consider, for example, the phe-
nomenon of gift giving. Occasionally someene receves a gift that is exactly what
he would have purchased tor himself had he been given an cquivalent amount
of money. But we are all far too familiar with gifts that miss the mark, Whe, for
example, has never heen given an article of clothing that he was embarrassed
to wear? The logic of the ecanomic choice model scems to state unequivocally
that we could avoid the problem of useless gifts by the simple expedient of giving
cash, And yet virnally every socicty continues to engage in ritualized gift giving.

The fact that this custom has persisted sheuld not be taken as evidence that
people are stupid. Rather, i suggests that there may be something about gift
giving that the rational choice model fails to caprure. One purpose of giving a
gift is to express affection {or the recipient. A thoughifully chosen gift accom-
plishes this in a way that a gifv of cash cannot. Or it inay be that some people
have difficulty indulging themselves with even smalt luxuries and would feel
compelled to spend cash gifts ou puvely practical ilems. For these peaple, a gift
provides a way of enjoving a small luxury without having to feel guilty about it
This interpretation is supported by the observaiion that we rarely give purely
practical gifts like plain cotton underwear or laundry detergent.

Whatever the real reasons mav be [or giving in kind rather than in cash, it
seems sale to assume that we do not do it because it never occurred o us to
give cash. On the contrary, cccasionally we do give cash gifts, especially w voung
relatives with low incomes. But despite the advantages of gifts in cash, people
seem clearly reluctant to abandon the practice of giving in kind,

Ouwtaskin this chapter has been to set forth the basic modcl of ranional consumer
chionce. I all its variants, this model retains certain commeon feaiures; in particu-
lar, it takes consumers’ prefevences as given and assumes they will oy 1o sadsty
themn in the most efficient way.

The first step i solving the budgeting problem is to identify the scuof bundles
of goods that the consumer is able to buy. The consummer is assumed to have an
income level given in advance and to face fixed prices. Prices and income togeiher
deline the consumer’s budget cansiraint, whichy, in the simple two-good case, s
a downward-sloping line whose slope, m absolute value, 1s the rato of the two

“ For a discussion of this interpretation. see R Thaler, “Mental Accounting and Consumer Cholce,”
Marketing Science, 4, Summer 1985,
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prices. It is the set of all possible bundles that the consumer might purchase if
he spends his entive liicome.

The second stepy in solving the consumer budgeting problem is 1o summarize
the consumer’s preferences. Here, we begin with a preference ordering by which
the consumer is able to rank all possible bundles of goods. This ranking scheme is
assumed (o be complete and wransitive and to exhibit the more-is-hetier property.
Freference orderings thart satisfv these resinctions give risc to indifference nwaps,
or collections of indifference curves, cach of which represents combinations of
bundles among which the consumer is indifterent. Preference orderings are also
assurmed to exhibit a diminishing marginal rate of substitunon, which mcans
that, along any indifference curve, the more ol a good a consumer has, the more
he must be given o induce him to part with a wnit of some other good, The
diminishing MRS propermv is what accownts {or the characteristic convex shape
of indifference curves,

The budget consuraine tells us what combinations of goods the consumer can
) afford to buy, and the indifference map summarizes the consumer's preferences
* concerning thewn. ln most problems, the Lest affordable bundle occurs ata point

of tangency between an indilference curve and the budger constraint. At that
point, the marginal rate of substitunon is exactly cqual to the raie ar which the

-,é food
f[ while

goods can be exchanged for one another at market prices,

THE UTILITY FUNCTION APPROACH TO
THE CONSUMER BUDGETING PROBLEM

Cardinal versus Ordinal Utility
In our discussion about how o represent consurmer preferences, we assumed
that people are able to rank cach possible bundle in order of preference. This
is called the erdingl wfility approach 1o the consumer budgeting problem.

5

onsumer

- . [t does not require that people be able to make quantitative statemenis about

tisfy , how much they like various bundles. Thus it assumes that a consumer will always
E _ be able to say whether he prefers A to f3, bul that he may not be able 1o make
dles { such statements as “A s 6.43 dmes as good as A7

In the nineteenth century, cconomists commenly assumed thut people could
make such statements. Today we call theirs the cardinal utility approach o the
consumer cheice problem. i the twvo-good case, it assumes that the satisfaction
provided by any bundle can be assigned a numerical, or cardinal, value by a
utility funciicn of the form

U= L(X Y. (A.3.1)
Ty three dimensions, the graph of such a wtiliy furcion will look something
e - s
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FIGURE A.3-1
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A THREE-DIMENSIONAL UTILITY SURFACE

Like the one shown in Figure A3-1. L resembles a mountain, but because of the
morc-s-herer assumption., it is 2 mountain without a summit. The value on the
L axis measures the hcight of the mountan, which continues to increase the
maore we have of Xor Y.

Suppose i Figure AS-1 we were to fix utiliy at sone consiant amount, say,
Ly That s, suppoese we cul the utiliny mountain with a plane parallel to the XY
plane, G units above 1. The line labeted JKin Figure AJ-1 represents thic
mersecnon of that plane and the surface of the utilice mountain. All the bundles
of goods that lie on jK provide a utility level of {5 If we then project the line
JK downward onto the XY plane. we have what amounts to the L indifference
curve, shown in Figure A3-2.

Suppose we then intersect the wility mountain with another plane, this time
L7 units above the XY plane. lo Figure A3-1, this second plane inersects the
utiliy mountain along the line labeled LN Tt represents the scu of all bundles
that coufer the uulivy level L. Projecting f.N down onls the XY plane, we thus
get the indifference curve labeled {4 in Figure A3-2. In like fashion. we can
generate an entre indifference map corresponding to the cardinal utility func-
tion (X, 7).

Thus we see tha e is possible o start with any cardinal ualicy lunction and
end up with a unique indillerence map. Bt it &5 not fossible to go the other divection!
That is, it is not possible 1o start with an indilference map and work backward
[0 4 unique cardinal utility [unction. The reason is that there will always be
infinitely nany such utility functions that give rise o precisely the same inditfer-

cnee lll(:{p.
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FIGURE 4.3-2

Y Projection of fX
s | 1

Projection of LN

To see why, just imagine that we took the utility funcudon in Fguation A3.1
and doubled i, so that utility is now given by V = 207X, ¥). When we graph 1
as a function of X and Y the shape of the resulting utility mountain will be
much the same as before. The difterence will be that the aluwde at any X, Y
point will be twice whal it was before. If we pass a plane 2L units above the XV
plane, it would intersect the new utldity mouniain in precisely the sarme manncer
as the plane 5 units high did originally. [t we then project the resulting intersec-
tion down onto the XV plme, it will coincide perfeetly with the original £
indifference curve.

All we do when we nuiliply (divide, add 1o, or subtrace from) a cardinal udility
funcuen is o relabel the indifference curves to which it gives rise. Indeed, we
can make an even more general statement: If LX) ¥) is any cardinal utility
funconen and i V is any icreasing funcuon, then & = X, ¥} and ¥V =
VILAX, Y] will give rise 1o preciselv the same indifference maps. The special
propertyy of an jncreasing furction s that it preserves the rank ordering of the
values ol the original functon. Thauas, if L(X,, V) > U(X,, Y, the fact that V
Is an increasing function assures thar V[ LCX F) ] will be grearer than V[ U(X,
Yoy o And as long as that requirement is met, the wo functions will give rise 1o
exacily the same indifference curves.

The concept of the indifference map was first discussed by Francis Edgeworth,
who derived it [rorm a cardinal utility funciion in the manner described above,
[t took the combined insights of Vilfredo Pareto, Irving Fisher, and John Hicks to
establish that Edgeworih s apparaiis was notuniquely dependenton a supporting

cardinal unlity funcdon. As we have seen, the only aspect ol a consumer’s prefer-
ences that maders  the standard budget allocation probiem is the shape and
locatien of his indifference curves. Consumer choice turns oul to be completely
mdependent of the Labals we assign 1o these indifference cuives, provided only
that higher curves corresponed to higher levels of utiliry,

Modern economists prefer the ordinal approach becsusce it rests on much
weaker assumptions than the cardinal approach. That s, it is much casier
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FIGURE A.3-3

To get the indifference

curve that corresponds

o all bundles that yield
a utility level of U, set
XY = U and solve for
Yiogel Y = Up/X

PART TWor THE THEORY OF CONSUMER BEHAVIOR

INDIFFERENCE CURVES FOR THE UTILITY FUNCTION U= XY

o imagine that people can rank different bundles than w suppose that they
can make precise quantitative statements about how much satisfaction each
provides,

Generating Indifference Curves Algebraicully

fven if we assume that consumers have only ordinal preference orderings, it
will often be convenient to represent those preferences with a cardinal utility
index. The advantage s that this procedure provides a compact algebraic way
ofsummarizing all the information thatis unpheirin the graphical represcatation
ol preferences.

Suppase, for example, that Tons uedlity funcuan is given by U(X, V) = XV,
and we want to use this mformation o graph Tom’s indifference map. In the
language of utility funciions, an inditference curve is all combinations of X and
Y that vield the same level of utility. Suppose we lock at the indifference curve
that corresponds to L unit of mility—that is, the combinations of bundles for
which X} = 1. Solving this equation for ¥, we hwve

which is the indifference curve labeled (0= 1o Figare A3-8, The indifference
curve that corresponeds o 2 units of utility is generated by solving X1 = 2 10 get
Y= 27X and it is shown by the curve labeled {7 = 2 in Figure A.3-3. Tn similar
fushion, we generate the nditicrence curves for U = 3 and {7 = 4, which are

L T e Ty s e W T | - = ” “
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FIGURE A.3-¢ IMDIFFERENCE CURVES FOR THE UTILITY FUNCTION (X, V) = (f:),'{ +2Y
The indifference curve
that corresponds to all Y

bundles vielding a util-
ity level af Uy is given
by Y = (U/2) ~ ()X

correspondingly lubeled in the diagram. More generally, we get the indifference

curve correspondnig io a utility level of {5 by solving XY = L} o ger ¥ =
Los X

Consider another illustration, this time with (X, ¥) = ()X + 2¥ The
undles of X and ¥ that vield a udliy Tevel of U are again found by solving
LN Yy = [y for ¥ This thme we get ¥V = (L3/2) — (%) X, The indifference
curves corresponding to U = 1, U= ¥, and I/ = 3 arc shown in Figure A.3-4.

Note that they are all linear, which tells us that this particular utilicy {function
describes a preference ordering in which Xand Yare perfect substitules,

Using Calculus to Maximize Utility

Students who have had caleulus are able to solve the consumer’s budgetallocation
problem without direct recourse to the geometry ol indifference maps. Let
U(XY) be the consumer's utility functon; and suppose M, Py, and Py denole
income, the price of X, and the price of ¥, respectively. Formally, the consumer’s
Allocation problem can be stated as Follows:

Maximize DUX V) subjeciro PN+ P Y = M (A.8.3)
X ¥

The appearance of the terms Xand Fhelow the “maximize” expression indicates
thai these are the variables the consumer must clioose. The price and income
values inthe budget constraint are given in advance.

THE METHOD OF LAGRANGIAN MULTIPLIERS

As noted carlicer, the tuncrion L{X Y)Y nself s no maximwm; it simply keeps

on ncreasing with increases tu X or ¥ The maximization problem defined in
Fauation 3.3 is called a constrained maximization frobiem, which means we want
o find the values of X wnd Y that produce the highest value of L subject io the
constraint that the consuiner spend only as ek as hos ineome. We will examine (wo
different approaches to this problem.
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One way of making sure that the budget constraint ix satisfied 15 to use the
so-called method ol Lagrangian multipliers. In this method, we begin by trans-
forming the consiranied maximization problem in Equation A.3.3 into the follow-
imng unconstrained maximizaiton problem:

Maximize § = LUX Y)Y — AMPX + Py — M), (A2
X VA

T term A 1s called a Lagrangian multipher, and its role is to assure that the
hudget constraint 15 satisfied. (How it does this will become clear in a mament.)
The first-order conditions for a maximum of £ arc obuined by taking the frst
partial derivatves ol & with respect to X ¥ and A and setting them equal o
2010

e Y] (A3.3)
axX  axX ok '
ok o S -
e ) (A.3.6)
Yy ay

anct
i;% = M~ X~ PY =0 (A.3.7)

The next step 1y 10 solve Equations A3S-AA87 for X, ¥, and A, The solutions
for Xand ¥are the only ones we really care about here. The role of the equili-
brium value of A is to guarantee that the budget constraint is satisficd. Note in
Fquation A 3.7 that setting the first partial devivative ol £ with vespect to A equal
to zero guarantees this result

Specific scluions for the nthy-maxunizng valuces of Xand Yrequire a specific
functional form for the uriliy function. We will work throngh an illustrative
example moa moment, Bue Arst note that an interesting characteristic of the
optmal Xand Ywalues can be obtained by dividing Equation A.3.5 by Equation
A5G o gel

AL/ 2. -
aueX MGy _ P (A58

au/aY AP, P,

Fauation AHK is the udility funcuon analog e Equaton 3.3 from the text,
which says that the opumal values of X and Y must satisfy MRS = Py/FP,. The
terms dU/dX and dU/0Y trom Equanon A28 arc called the marginal utility of X
and the marginal utility of ¥, respecuvely. In words. the marginal utihity of a good
is the extra unlity obained per addivional unic of the good consurned. Tquation
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A28 tells s that the ratio of these margioal utilivies is simply the marginal rage
of substitunion of Yior X
[ we rearrange Lquation A3.8 in the following forn,

another interesting property of the opumal values of Xand ¥ emerges. In words,
the left-hand side of Fquation A5.9 mnay be interpreted as the exora utility gained
{romn the last dollar speat on X Similarly, the right-hand side of the ¢quation is
the extra utility gained from the Jast dollar spenton ¥l js easy to see innaitively
why, for the optimal values of X and ¥ the extra utiliny gained from the last
aollar spent on cach must be the same. Suppose, to the conurary, that the exura
unlity gained from the last dollur spent on Yexceeded the exuea utiliy from the
last dollar spent on X Fhe consumer could then spend a dollar less on X and
a dollar more on Vand cnd up with more utility than he had under the original
allocation. The conclusion is that the original allocation could not have been
opumal. Only when the exira utility gained from rhe last dollar speat on each
good is the sarge will it not be possible w carry ot a similar wiliy-augmenting
realiocation.

An Example. To illustrate the Lagrangian method, suppose that U(X, V) =
XYand that M = A0 Py = 4 and 24 = 2. Our constrained maximization preblem
would then be written as

Maximize £ = X¥ — A(4X -+ 2 — 403, (A.5.10.
XV, M

The firstorder concditions for 2 maximum of £ are given by

oL XY . .
ST L dqn = V= 4n = () .0
ax~  ax e .
” P

ot XYy i v oy = 0, 1A.8.12)
ay av

ad
ar

TE S 40— 4X - Q¥ = 0, 313
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substituting this result inte Equation A3 13 and salving for X we get X = 3,
which in turn yields ¥ = 2X = 10. Thus (5, 10} is the utili-rnaximizing bundle.”

AN ALTERNATIVE METHOD

There is an alternative way of making surc that the budget constraine is satisfied,
one that involves less cumbersome notanon than the Lagrangian approach, [n
this alternative nethod, we simply solve the budget constraint for Yin terms of
X and substitvie the result wherever Y appcears in the uuihine function. Udlity
then becomes a function of X alone, and we can maximize it by taking its first
devivative with respect to N and cquating that to zero® The value of X that solves
thar equation is the optimal value of X, whicli can then be substituted back into
the budget constraint to (ind the optimal value of ¥

To illustrate, again suppose thar (X, V) = XY, with M = 40, Py = 4, and
P, = 2 The budget constraint is then 4X + 2¥ = 40, which solves for ¥ =
20— 2X Substituting this expression back inw the uility function, we have
LIX, ¥y = X(20 — 2X) = 20X — 2X* Taking the fivst derbvative of U with
respect to X and equating the result to zero, we have

al’
= M} — 4 Y = EURIEE
daX 20 EX =0, LA

which solves for X = 3. Plugging this value of Xback into the budget constraint,
we discover that the optimal value of Fis 10, So the optima! hundle is again
(5. 10), just as we found using the Lagrangian approach. Ior these optimal
vahues of Xand ¥, the consumer will obtain (5)(10) = 50 unis of utility.

Both algebraic approaches o the budget allocation problem yield precisely
the same result as the graphical approach described in the texi. Note in Figure
AS5 that the &= 30 indifference curnve is Langent 1o the budget consuaint at
the bundie (5, 1.

A SIMPLIFYING TECHNIOQUE
Suppose our consirained maximizatdon probient is of the general form

Maximize L{X, V) subject o Py X + PY = M. (A5.19)
XY

IE (X7 ¥#) s the oprimnm buidle for this maximization problem, then we know
it will also be the opuwmum bundle for the udlity funcuon ViGN, Y], where

* Assuming that the second-order conditions for a local maximum are alse met.

* Here, ihe second-order condition for a local maximum is that @7U/dX* < (),
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FIGURE A.3-5

THE OPTUMAL BUNDLE WHEN U= XY, Py=4, ¥y =2, AND M =<0
v
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¥ is any increasing function.” This property often enables us o transform a
computationally difficult maximization problem into a simple one. By way of
illustration, consider the following example:

Maximize X7V subject o 4X + 2V = 24, (A.3.16)
XY

First note what happens when we proceed with the uniranstormed utihy function
given in Equation A3.16. Solving the budget consuraint for Y = 12 — 92X and
substituting back into the utility lunction, we have U= X712 — 2X) % Caleulai-
ing dU/ X is a bit tedious in this case, butif we carry out cach step carcfully we
get the following first-order condigon:

d X

(X 2912 ~ 2X)7 % + XM (12 = 2X)71(=2) = 0, (A817)

which, alier a little niore tedious rearrangenient, solves for X = 2. And from
the budger constraint we then get ¥ = 8.
Now suppose we transtorm the wility function by raking irs logarithm:

Ve In[ 00X Y] = InX ) = (Oln X + (Oin'v. (A.2.18)

Since the lagarithm is an increasing function, when we maximize Vsubject to

T Again, an increasing functon is one for which V(X)) > Y0X) whenever X > X,
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the budget constraint, we will get the simc answer we got using . The advantage
of the logarithrmic transformation here is that the derivative of Uls much easier
to caleulate than the dervative ob U0 Again, solving the budget constraint for
¥ = 12 — 2Xand substituting the resultinto V, we have V= (3)In X + (n(12
— 2X). This time the first-arder condition follows almost withour effor

R 1 o 2
FI 2(3) _
LA
AN X 12 -9y

which solves casily for X = 2. Plugging X = 2 back inwe the budger constraint,
we agam get ¥ = 8.

The best ransformation wo miake will naturally depend on the particular utiliry
funetion vou startwith. The togaridvmic ransformation greatly simplifhied matters
in the example above, but will not necessarily be helpful for other forms of {0

Questions for Review
S w4

Problems

I. If the prices of all products are rising at 20 percent per vear, and your employer
gives you a 20 percent salary increase, are you better off, worse off, or equally well
off in comparison with vour situation a vear ago?

2. If you were president of a conservation organization, which rate structure would vou
prefer the Gigawatt Power Company to use: the one described in Example 3-1, or
oue in which all power sold for $0.08/kwh? (Assume that each rate structure would
exactly cover the company's costs.)

3. True or false: The downward slope of indifference curves is a consequence of the
diminishing marginal rate ¢l substitution,

4. Construct an example of a preference ordering over Coke, Dict Coke, and Diet Pepsi
that violates the transitivity assumption.

o

Ixplain iy vour own words how the slope ofan indifference curve provides information
about how much a consumer likes one good relative to anather.

6. Explain why a consumer will often buy one bundle of goods ¢ven though he prefers
another.

7. Why irc covner solutions especially likely in 1he case of perfect substitutes?

l. The Acme Sced Company charges $2/1b for the first 10 1b vou buy of marigold sceds
cach week and $1/1b for every pound vou buy thereafter. If your income is $100/wk.
draw vour budget constraint for the composite good and marigold sceds.

2. Same as Problem 1, except now the price for every pound atier 10 lib/wk is $4/1b.

3. Smith likes cashews better than almonds and likes ahmonds better than walnuats, [Te



