CLASSICAL CONSUMER PROBLEM
ECON 8001-2 Instructor: Terry Hurley

INTRODUCTION

The last couple of lectures defined various types of preference relations and discussed how
assuming that a consumer’s preference relation could be characterized as such allows us to
generate a utility function with certain classical characteristics. We will now take advantage of
this idea by starting with a consumer’ s utility function and using it to characterize choice in
certain environments. Specifically, we will be interested in how consumers choose between
bundles of commodities offered by a competitive market economy. This competitive market
economy will be defined as an institution where consumers are endowed with commodities that
they can voluntarily exchange with other consumers at known exchange rates, referred to as
prices. These prices are taken as exogenous and tell us something about a consumer’ swealth
when combined with its commodity endowment. Ultimately, it isthis wealth and prices that
define the consumer’ s feasible choice set.

THE SETUP

Some More Notation:

pl A Vector of commodity prices.

pl A: Specific price of commodity | for | =1, 2,..., L. Notethat positive values
represent what a consumer pays in order to receive an additional unit of a
commodity, while negative values represent what a consumer receives in order to
accept an additional unit of a commodity.

T X Vector of commodity endowments. That is, what a consumer has available to
exchange.

x°3 O Specific quantity of commodity | endowment for 1 =1, 2,..., L.

w3 0 Consumer wealth or the value of the consumer’s commodity endowment: w =
P,

uX®A: Utility function generated by a consumer’ s rational preference relation over X.

To keep our discussion manageable, we will focusonp >> 0 (meaning {p1 A" p >0forl=1,
2, ...,L}). Tokeep it interesting, we also assume w > 0 so the feasible choice set includes more
than the origin.

Definition:
Budget Set (denoted by B,w): The set of all affordable commodity bundles for a consumer who
faces market prices p with wealth w: By, © {x1 A" w3 px}.

This Budget Set isreferred to in MWG as the Walrasian Budget Set and has been called by other
names. It should be noted that this budget set is about as simple as it gets. There are many other
more complicated, but also completely realistic budget sets one could explore (e.g. two-tier
pricing and quotas).

Question: Given the opportunity to participate in this market economy, what will the rational
consumer with utility function u(® do?
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To answer this question, note that the consumer’s utility function can be used to compare
commodity bundles in the consumer’ s budget set and to determine which bundles are the most
preferred:

CP1 x(p, W) = {xT Bpw: u(x) 3 u(y) foralyT Bpu}.
But, another way to write CP1 is

CPY max u(x) suchthat w3 px.

x30

Thisisthe classic utility maximization problem of the consumer that isreferred to asthe UMP
by MWG.

Given this problem, the first question that may come to mind is: How do we know x(p, w) * A?
Alternatively, if we know the conditions under which x(p, w) * A, can we also find the
conditions under which the x(p, w) contains a single vector?

Answering these questions gets quite technical and is of marginal value when it comes to doing
more empirical work. So for now, let usjust state some useful propositions:

PROPOSITION CP1: If f: AN® A isacontinuous function, AT A™, and A is compact (i.e.
closed and bounded), then there existsx T A such that f(x) 3 f(y) forall yT A.

This more general proposition leads immediately to:

COROLARY CP1: If p>> 0 and u(® is continuous, then the classic utility maximization
problem has a solution.

Thisis true because the utility function is continuous and By, is a compact set. It meansthat if a
consumer has a preference relation that generates a continuous utility function defined over
commodities traded in a competitive market economy with strictly positive prices (What possible
problem can emerge if some prices are 0?), then there will be some optimal vector or vectors of
commodities that maximize this consumer’s utility or are most preferred by the consumer given
its feasible alternatives. We know that rationality is necessary for a preference relation to
generate a utility function. What about continuity?

PROPOSITION CP2: If thereis arational preference relation £ on X that is continuous, then
there is a continuous utility function u: X ® A that represents T .

Now, if we in fact believe consumers choose preferred commodity bundles, thisis precisely the
answer to our first question, which MWG refer to as the Walrasian Demand Correspondence,
but has also been referred to as the Market Demand Correspondence/Function, Marshallian
Demand Correspondence/Function, etc. We will refer to it as Marshallian Demand. The most
important thing to note for distinguishing this Marshallian Demand relation from other demand
relations we will define later is that it depends on commodity prices and wealth.



CLASSICAL CONSUMER PROBLEM
ECON 8001-2 Instructor: Terry Hurley

Given our current assumptions, it is straightforward to prove some important properties of utility
functions and Marshallian Demand:

PROPOSITION CP3: If u(® isautility function that represents a continuous, rational
preference relation T on X and f:A ® A isadtrictly increasing function such that f(y) > f(2) for
aly,z1 A if and only if y > z then the function v(x) © f(u(x)) is also a utility function that
represents the continuous, rational preference relation T on X.

Proof: Since u(3 is utility function for the preference relation T on X, for al x, yT X, u(x) 3
u(y) if and only if xXy. If v(3 isalso autility function for the preference relation £ on X, for all
X, y1 X v(X)3 Wy)if and only if xEy. Let usassume to the contrary that there exists somex, y
T Xwherev(y) > v(x) for xXy. By the definition of a strictly increasing function, v(y) > v(x) if
and only if u(y) > u(x). However, if u(y) > u(x), not u(x) 3 u(y) or not xt'y, a contradiction.
Q.E.D

The importance of PROPOSITION CP3 isthat it tells us a utility function is not unique, which
means we should not read to much into the numbers it generates. If u(y) = 86 and u(2) = 43, we
can say y is preferred to z, but we cannot say y istwice asgood asz. A simple example
illustrates the point. Notethat if f(x) = X2, astrictly increasing function, v(y) = 7,396 and v(2) =
1,849 is the same as u(y) = 86 and u(z) = 43 by PROPOSITION CP3, but 7,396 is far more then
twice 1,849. What implication might this have for normative analysis?

PROPOSITION CP4: If there is a continuous and rational preference relation T on X, then the
Marshallian Demand is homogeneous of degree 0 in prices and wealth: x(p, w) = x(ap, aw) for
any a > 0.

Proof: By definition, f:x® A forx1 AN, r=...-1,0,1, ...,andN=1, 2, ... ishomogeneous
of degreer if f(ax) = a'f(x) for all a > 0. Notethat x(p, w) © {xT Bpw: u(x) 3 u(y) for al y1
Bpw} and x(ap, aw) © {x1 Bapaw: U(x) 3 u(y) foral yT Bapaw}. Bapaw® {x1 A%:aw? apx}
={x1 A%:w3 px} ° By Therefore, x(ap, aw) © {x1 Bpw: u(x) 3 u(y) forall yT By} ©

x(p, w). Q.E.D.

The implication of PROPOSITION CP4 is that prices and wealth are relative or that doubling
prices has no effect on a consumer’s preferred commodity vectors if we also double wealth.

Now, if we are willing to assume the preference relation is locally nonsatiated, we can say a little
more about Marshallian Demand:

PROPOSITION CP5: Suppose u(3 isa continuous utility function representing a locally
nonsatiated, continuous, and rational preference relation ¥ on X = A",. Then the Marshallian
Demand x(p, w) satisfies Walras Law: px = wfor al xT x(p, w).
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Proof: Assume instead that w> px for somex 1 x(p, w). Then by definition xT By and u(x) 3
u(y) for all yT Bpw, whichmeansx T yforalyi Byw. Definetheset WM2) ={Z: |lz—xX]|® ||z -
x| foralz T X}. Chooseazsuchthat w3 px>pxand Wz) | B,w. By local nonsatiation, for
e=|lz—x||thereisayl W(z) suchthaty ¥ x, which contradictsx fyforalyl Byw. Q.E.D.

PROPOSITION CP5 is important because it tells us that consumers will fully exhaust their
budget if they have locally nonsatiated preferences.

Finally, let us consider what adding convexity gets us:

PROPOSITION CP6: Suppose u(® is a continuous utility function representing a convex
(strictly convex), locally nonsatiated, continuous, and rational preference relation ¥ on X = A*..
Then the Marshallian Demand x(p, w) is aconvex (singleton) set.

Proof: We will start with the case of convexity. Letx, X T x(p, w). By the definition of
Marshallian Demand u(x) 3 u(x’) and u(x') 3 u(x), whichimpliesx £ x andx T x.
PROPOSITION CP5 also impliespx = px’ =w. Now, foranyal [0, 1], letx’ =ax+ (1-
a)x', whichimpliespx’’ =w, sox’ T Bpw. Notethat x T x by Proposition IC1 (b). Therefore,
by convexity, x T xandx T x, impliesax+ (1-a)x T xorx’ £ x. Sincex’ T x,x’ T By,
andx Tyforalyl Bpy, transitivity impliessx” Fyforalyl Byworx’ 1 x(p, w).

Now we can turn to strict convexity. Supposethere existsx, X T x(p, w) wherex* X', which is
trueif x(p, w) is not asingleton set. By the definition of a Marshallian Demand correspondence
u(x) 3 u(x') and u(x’) 3 u(x), whichimpliesx £ x andx T x. PROPOSITION CP5 aso
impliespx =px =w. Now, foranyal (0, 1), letx’ =ax+ (1-a)x, whichimpliespx’ =w,
so X’ 1 Bpw. Notethat x T x by PROPOSITION IC1 b). Therefore, by strict convexity, x T x
andx T x impliesax+ (1-a)x F xorx’ £ x. Nowx’ f xandx’1 B,y contradictsx Ty
foralyl Byw. Sincex~ X, transitivity from PROPOSITION IC1 (b) impliesx T yfor alyl
Bpw is also contradicted. Q.E.D.

PROPOSITION CP6 is particularly useful because it tells us conditions under which we can be

confident that the Marshallian Demand correspondence will be a singleton set. PROPOSITION
CP6 can also be proven by first showing convexity (strict convexity) yields utility functions that
are quasiconcave (strictly quasiconcave) for a continuous, rational preference relation:

COROLLARY CP6: Suppose u(®¥ is a continuous utility function representing a convex
(strictly convex), locally nonsatiated, continuous, and rational preference relation ¥ on X = A,
then u(® is quasiconcave (strictly quasiconcave).

Knowing that the utility function is quasiconcave or gtrictly gquasiconcave becomes very helpful
when evaluating second-order conditions for an optimum.
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Now we might want to complain about the restrictiveness of these assumptions. We wouldn’t be
alone, which has resulted in atechnically advanced literature that explores how relaxing them
affects these properties.

We will now add one more assumption to facilitate further analysis using calculus. In particular,
we will assume that u(® is twice continuously differentiable. With this additional assumption we
can set up CP1’ as a constrained optimization problem and derive the Kuhn-Tucker necessary
and sufficient conditions for finding Marshallian Demand. The Lagrangian for this problem is
written as

CP3 L=u(X) +1 (w-px)

The first-order necessary conditions for this problem are

CP4 Ezm-I *p £0, Ex,*:o,and x*3 O0forl=1,..L,and
T X T
cPs5 W pxeao, W v20, andi*2 0.
ll ql
If Ru(x)= S““(X) “”(X)E, CP4 can also be written in matrix notation as
é Tx ix. &
CP4 Nu(x*)-1*p£0,  x*¥Nu(x*)-1*p]=0,and x*3 0.

Note that the Constraint Qualification for the Kuhn-Tucker problem is satisfied here because the
inequality constraint is a convex set of linear functions.

One set of sufficiency conditions for this Kuhn-Tucker problem to yield a global maximum are:
(i) the objective function, u(x), is differentiable and quasiconcave in the nonnegative orthant,
(if) the congtraint function, p, is differentiable and quasiconvex in the nonnegative orthant,
(iif) x* satisfiesthe first order necessary condition in equations CP4 and CP5, and

(iv) % <0 for & least one variable x;; % 3 0 for some variablesthat can takeon a
X X
positive value without violating the constraints; u(x) is twice continuously differentiable

and Nu(x) * 0; or u(3 is concave.

With our current list of restriction, (i) is satisfied by COROLLARY CP&6; (ii) is satisfied because
aconvex set isalso quasiconvex and | have already told you the budget set in convex (though did
not prove it); and (iii) tells use which point to pick. (iv) isalittle tougher. Note that
PROPOSITION CP5 tells us Walras law is in effect, which when combined with CP5 suggests

[ *>0. Forl*>0,%=l * p, >0 meaning M>Ofora||I:1,...,Lwherex|*>O.
XI* *

That such an x* must exist is assured because we assumed w > 0 and Walras Law cannot be
satisfied for w> 0 unless some x; > 0. Note however that if we choose to relax some of our
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current assumptions, we must do so in away that satisfies (i) — (iv) or we cannot be sure the
Kuhn-Tucker conditions in CP4 and CP5 will lead usto x(p, w).

Returning to CP4 and CP5, with the assumptions of a twice continuously differentiable utility
function representing a strictly convex, locally nonsatiated, continuous, and rational preference
relation T on X (which | will no longer write out and we will assume from here on out unless
otherwise noted), the Kuhn-Tucker problem will have a unique solution x* = x(p, w), our
Marshallian Demand, and | * =1 (p, w) that will be of great interest to us (note that we could
allow for multiple solutions by relaxing strict convexity, but this can get a bit tedious).

Now that we have our Marshallian Demand and have proved that it must satisfy a variety of
interesting properties, several questions come to mind.

Questions: What will happen to Marshallian Demand when prices change?
What will happen when income changes?

Answering these questions iswhat is referred to asa comparative static analysis. This
comparative static analysis turns out to be not so illuminating in one sense, but quite illuminating
in another. While we are used to seeing the demand for a commodity fall asits price increases,

M <0, there are examples of when the demand for a commodity has increased when its

b,

price increased, m

W) >0. Thistype of commodity has been given the name Giffen Good.
P
None of our assumptions above rule this out.

If we cannot say much about own price effects, you can guess that we cannot say much about

cross-price effects either: M >/=/<0 for |1 k. Thesign of this cross-price effect has

P«

instead been used to create the taxonomy of Marshallian Complements W < O% and
k 1]

Marshallian Substitutes W >02
Kk 4]

We cannot even say for certain how the demand for a good will respond to increases in wealth:

M >/ =/<0, which has lead to the taxonomy of Normal Goods ?M > 09 and
Tw e Tw a
Inferior Goods W <02,
a

While we cannot say much about how the Marshallian Demand for a particular commodity
responds to changes in prices or wealth, the fact that Marshallian Demand is homogeneous in
prices and wealth does provide us with an interesting relationship.
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PROPOSITION CP7: If the Marshallian Demand, x(p, w), is differentiable in prices and

wealth, thenfor all p, w,and | = 1,..., L, éL ‘ﬂx,(p,w) P +'”X|(IO’W)

k=1 TP« Tw

w=0.

The result can also be written in elasticity form. The cross/cross price elasticity of Marshallian

Demand is defined as e, (p,w) = ﬂxi.ﬁg’w) " (F:)kw
k '

e, (pw)= fix (p.w) 3 With these, PROPOSITION CP?7 then implies

) , While the income elagticity is defined as

a e, (p,w)+e, (p,w) = 0, which says that the sum of the price, cross-price, and income
k=1

elasticities for a commodity must equal 0.
When Marshallian Demand satisfies Walras Law, we have two more interesting properties.

PROPOSITION CPS8: If the Marshallian Demand, x(p, w), is differentiable in prices and
wealth and satisfies Walras Law, then for al p and w

(i) §Mp|+xk(p,w)=0forauk:1 ..... L and
= TP

& x(p.w)
AP b =1.

(i) 91 w P

Note that the budget share of a commodity is defined asby(p, w) = px(p, w)/w. With this and the
L
elasticity definitions, (i) becomes § b (p,w)e, (p,w)+b,(p,w) =0, while (i) becomes

=1

& b(p.we, (pw)=1.

=1

The properties in PROPOSITION CP7 and CP8 are used extensively in empirical work on
consumer demand. By imposing these restrictions when estimating a Marshallian Demand
system, more efficient parameter estimates can be obtained. Also, the conditions provide an
opportunity to test the theory by estimating a Marshallian Demand system and checking if these
restrictions are indeed satisfied.

Another quantity that has been of some interest to economists is the Indirect Utility Function:
v(p, W) = u(x(p, w)). The Indirect Utility Function has a number of useful properties that will
come in handy both theoretically and empirically.

PROPOSITION CP9: Suppose that u(® isa continuous utility function representing a locally
nonsatiated, rational preference relation ¥ on X = A",. Then the Indirect Utility Function v(p,
w) = u(x(p, w)) is
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()  homogeneous of degree O inp and w,

(if)  strictly increasing in w and nonincreasing in p;

(iii) quasiconvex inp: v(ap + (1-a)p’, w) £v(p’, w) for v(p’, w) 3 v(p, w), anda 1 (0, 1); and
(iv) continuousin p and w.

Proof: We will prove (i), (ii), and (iii) and leave the more advanced proof of (iv) to those of you
who get excited about continuity proofs (not mel).

The proof of (i) isterribly straightforward. If v(p, w) is homogenous of degree O inp and w,
then v(p, w) = v(ap, aw) for any a > 0. By definition, v(ap, aw) = u(x(ap, aw)). By
PROPOSITION CP4, x(p, w) = x(ap, aw). Therefore, v(ap, aw) = u(x(p, w)) = v(p, w).

The proof of (ii) gets abit more involved. For v(p, w) to be strictly increasing in w, v(p, w') >
v(p, W) or u(x(p, w)) > u(x(p, w)) for w >w. By definition Bpyw © {x1 A%:w 3 px} and Bpw
o {x1 A" w3 px}, which implies Bowl Bpw. PROPOSITION CP5impliesw = px(p, w)
and w = px(p, W), o px(p, W) > px(p, w) and x(p, W) L x(p, w). By definition, x(p, w) = {x1
Bpw: U(X) 3 u(y) forall yT Bpw} or x(p, w) T x(p, w) and v(p, w) 2 v(p, w). Sincew > px(p,
w), PROPOSITION CP5 aso implies not x(p, w) T x(p, w) meaning not v(p, w) 3 v(p, w').
Therefore, v(p, w') > v(p, w) as required.

For v(p, w) to be nonincreasing inp, v(p', w) 3 v(p, w) meaning u(x(p’, w)) 3 u(x(p, w)) for p3 p’
andp! p'. By definition By w© {xT A% w3 px} andBow© {xT AL ws px},

which implies By I By w. By definition, x(p', W) = {xT By w: u(x) 2 u(y) forallyT By} or
x(p', W) T x(p, w) and v(p', W) * v(p, W).

The proof of (iii) getsreally involved. We are givenv(p’, w) 2 v(p, W), or x(p’, w) T x(p, w), and
al (0,1). Wewant toshow v(ap + (1-a)p’,w) £v(p’,w) or x(p', W) T x(ap+ (1-a)p’, w).
Notice that if we can show x(ap + (1- a)p’, W) T Bywthenwecansay x(p', w) T x(p,w) T
x(ap + (1- a)p’, w) by transitivity. Alternatively, if we can show x(@ap + (1-a)p’,w) 1 By w,
thenwe can say x(p', w) T x(ap + (1-a)p’, w) directly. Therefore, if we can show that x(ap +
(1-a)p’,w) 1 Byworx@p+(1-a)p’,w)1 Bywwearedone.

Let ussuppose not. That is, x(@ap + (1-a)p’,w) I Bpwandx(ap + (1-a)p’, w) I By or that
thereisanx1 {x: w3 (ap+ (1-a)p )%} suchthat xT {x: w3 px} andxT {x w3 p'x}.
Notethat x T {x: w3 (ap+ (1-a)p)x} impliesw?3 (ap+ (L-a)p’)x; x1 {x w3 px} implies
w<px; and x| {x: w3 px} impliesw < p’x. Note also that w< px and w < p’x imply aw <
apxand (1-a)w<(1-a)p’) Summingthenyieldsaw+ (1-a)w<apx+ (1-a)p X
orw<apx+ (1-a)p %, whichisacontradiction. Q.E.D.

We are about ready to move on from the classic utility maximization problem, but before we do
an illustration that all this really works would be reassuring. Suppose our consumer must choose
between two different commodities: x; and x,. The utility function that represents its preferences
isu(x, X2) = x> x>°. The prices the consumer faces are py and pz, while wealth isw. The
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Lagrangian for this problemis L = x,%"® x2*° + | (W—p1x1 - — p2X2). The first-order conditions
are

fiL L

CP6 — =0.75%* *® x,*** -1 *p £0, —x*=0, and x* 2 0,
ﬂxl Xl 2 1 1-[ Xl 1
T“— 0.75 -05 T“‘

CP7 ——=05x % x,* % -1 *p,£0, —x*=0,ad  X*3 0,
ﬂxz X 2 2 ﬂxz 2 2

cP8 :I'TT—IL=w- P - P2 0, ;IT]—ILI*zo,and %30,

Note that there are eight different types of solutions for this problem:
(I) X1* >0, %*>0,and| * >0,

(i) x*>0,%*>0,and| * =0,

(i)  x*>0,%*=0,and| * >0,

(iv) x*>0,x%*=0,and|* =0,

(v) x1* =0, %* >0,and | * >0,

(Vi) x*=0,x*>0,and| * =0,

(vii) x* =0,%*=0,and| * >0, and

(viill) x*=0,x* =0,and| * =0.

Therefore, a complete treatment of the problem would carefully rule each one out and also check
the second-order conditions. In the interest of time, | will focus on interior solutions and assert
that the second-order conditions hold, so we know we have a global maximum. For an interior
solution, x;* >0, x.* >0, and | * > 0. Therefore,

CP6 Tul*, ") )=O.75x1*'°'25x *05 =] % p and
ﬂxl 2 1
CP?7 —ﬂ”(’fﬁx’xz )=O.5x1*°'75 X, ¥ 05 =] *p,.
2
Taking the ratio of these two equation yields
u(x*, % %)
x, _ 075 * %% 1 *p
CP9 Tulx* %*)  05x**"x,*° | *p,.
ﬂxz _ 3X2* :&
2x* P,
Note that in general for the utility maximization problemin CP1’ where u(3 is differentiable,
u(x*)
; ix _p
CP9 =
Tu(x*) " p,
X
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if x* >0 and x* >0, which says that at the maximum, the Marginal Rate of Substitution
between two goods will equal their ratio of prices. Now | * > 0implies

CP10 W= p]_Xl* + szz*.

Equation CP9 implies x,* = %ﬂ X, * . Substituting this into CP10, we can then solve for

2

X* :% Substituting again, x* = 52—;\/ Tofind | *, we can substitute x;* and x,* into CP6’
1 2
and solve: 1 = 0759__ 20 "l o "1 0 s = DaB0 a0 @l 0 el o =

&g &5 &P g gpzﬂ 4855 852! gpm P,
Substituting these Marshallian Demands into the utility function yields the indirect utility
function:

8" anwo 230 @2 0 les

CP11 V(p1, P2, W) = g5p1z gsz P g5p1g gsz o}

It should be pretty clear that if we multiply ps1, p2, and w by any a > 0, we will not change x;*,
and v(p1, p2, W), so they are all homogeneous of degree 0 in p1, p2, and w (which agrees with
PROPOSITION CP4 and PROPOSITION CP9(i)).

If we differentiate v(p, p2, W) with respect to w, we get _ﬂV(pili P, W) -
W

e o "0 o
§a§_ 20 L 1 w®?® > 0, so the indirect utility function is strictly increasing in

485@ gSﬂ P o ﬂ P, ¢ ﬂ
wealth (in agreement with PROPOSITION CPO(ii)). It isalso interesting to note that
—‘Hv(pl, pZ’W) =1*. Thisisnot acoincidence! The property will hold in general (i.e. ‘Hv(p,w)

Tw Tw
| * for problem in CP1’).

If we differentiate v(p1, p2, W) with respect to p: and pz, we get

(P, P, W) _ 07583 0 o aelo Y o W <0 o
P, 25 Pog &Pig 25 D, 5
™(p,, p,. )_ & 3 o ae2 o aelo

Sg g W <0, so theindirect utility function is
p, 5p g ﬂ 5p2 ﬂ P, g

nonincreasing in prices (also in agreement with PROPOSITION CP8(ii)).

If we differentiate v(p1, p2, W) twice with respect to p; and p,, we get the Hessian matrix with
respect to p:

10
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é‘HZV(pl,pz,W) V(P P, )3
2
CP12 Hp=¢, TP Tfe. g =
ﬂ%am,)ﬂﬂam,h
& ﬂplﬂpz o 4
é .75 .05 .75 .A15 u
&.75" 0.75° Eﬂ Eﬂo 075" 05" f—2 g 9% ..
@ plﬂ pzﬂ ﬂ P, g fo @O W3
€ 7 = 5g e5g
€0.75° 0.5° Eelo Eelo 15" 05’ Eelo 210
@ plﬂ pzﬂ plﬂ pzﬂ H

Recall that afunction is convex if and only if its Hessian matrix is everywhere positive

1°v(py, p,uW)
1-[ 2

semidefinite. For [Hy], thisimplies >0and|Hp| >0. Forany p.>0andp,>0,

P
2
wloz,w) > 0. Thisisalso true for |Hp|:
fip,
0.75
IHo| = 905 0.75" Eelo ael0175 15- 0.75° 05)98‘3 220" 15 5.0 which allows us
P o pzz Foo e5ﬂ

to conclude that v(p1, p2, W) isconvex in p; and p,. But we also know that any convex function
IS quasiconvex, so we are in agreement with PROPOSITION CP9(iii).

Finally, inspection of v(pz, p2, W) should be enough to convince you it is continuous in pa, p,, and
w, in agreement with PROPOSITION CP9(iv).
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