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Exam #2 Solution Outline
1. a. True. b. True. c. True.

d. False. Foreach i=12,...,n: E(x*)—/l”a—g(x*)s 0.
oX; oX;

e. True.

2.a. L(Xl, X2;/1)= X,e" +1(M — P — pzxz)

l. i:xzexl_plzso, X, >0, (xzexl—plfl)'xﬁo
OX,
. ﬁ:exl—pz/iso, X, =20, (exl—pzi)'xzzo
oX,
oL
Il a—/1:M—p1xl—p2x220, 220, (M=px —p,X,)-A=0

b. Marginal condition in Il. requires 4~ > 0. Combined with complementary slackness
condition in I11., this gives:

pX + P, X, =M (budget constraint binding)
With budget constraint binding, cannot have x; = x, =0.
Possible to have x, >0, x, =07

Then complementary slackness condition in I. implies 2 = 0, but this violates
marginal condition in II.

Possible to have x, =0, x, >0?

Froml.: x,—pA <0



FromlIl.: 1-p,2 =0 = =1

P,
So X, S&. Budget constraint = x, :M, requiring M < p,.
P, P,
Possible to have x; >0, x, >07?
.= xe*-pA =0
.= e%—p,A =0
- . * . * M - P
Taking ratio: X, =&. From budget constraint: x, = Py >0, requiring
2 Py
p, <M. (Notealso: A" >0.)
Summary: Two types of solutions are possible:
* * M * *
When M <p,: X =0,x, =—>0, p;X + p,X, =M.
2
* M - * * *
When M > p,: X, = p1>0,x2:&>0, P, X, + P,X, =M.
Py P,

3. Proof: Form a sequence of distinct points in B: {x, }”,. (For each n, can choose
X, # X, forallm=12,...,n-1, because B is infinite.)

{x,}", is a sequence in a compact subset of R". By Bolzano-Weierstrass, {x,}", has a
convergent subsequence:

{xn }“’ - X.
k Jk=1

Claim: x is a cluster point of B.

x is the limit of a sequence in a compact (hence closed) setBso x € B. Foreach ¢ >0,
there exists K such that

X, €B,(x) forallk>K.

Because the x,, ‘s are all distinct, at least one is different from x. Q.E.D.



4. (Graph follows)

a. Features of graph:

(i.) All three functions have same value at p = p°;
77 (p°)=7(p%y (p°) X (p°) x;(p°)) (by definition of LR value function)
7 (p%5x (p°))=2(p% y* (p% % (p 3 (%535 (p° )5 ()
(by definition of SR value function)
= 2{(p%y (p° )5 (p°) 5 (p°))

(because y*(p%;x;(p°))=y"(p°) and x:(p%x;(p°))=x(p,). Same result when
optimizing in 2 steps or 1.)

i) z(py ()% (p°hx;(p%))= p-y"(p°)-xi(p%)- % (p°)
Linear in p with slope y*(po).

(iii.) Curvatures reflect: For p = p°:

Py (p° )% (p°) 3 (p°)) < 2* (pix; (p°)) < 7" (p)
because removal of a constraint cannot reduce profit.

b. The curvatures of the three functions imply:

2

2 2
(;jpz 7' (p°)2 aa?ﬂs(po;x;(po))z ;—Zﬂ(po; y (p°)x (p°) % (p®)=0 (*)

The Lagrangians for the SR and LR problems are the same -- the only difference is
whether X, is a choice variable or a parameter:

L(Y, X0 X P A)= Py =Xy =X, + Ay = F(x,,%,))
By envelope theorem:

dipfr*(p)=%L("*"valueS)= y'(p)



<2 (mx(p°))= % L("s" values) = y*(p; x; (p°))
Taking a second derivative w.r.t. p and evaluating at p = p°:

d’ .oy d e
7 ()= g5 v (P)

From inequality (*):

dipy*(po)z 6% ys(po;xZ(po))Z 0  (Supply more elastic in LR.)




