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A2.1: ef,g \ 3
A2.2: ef,g \ 3
A24 \ 3
A2.8 \ 3
A2.10 \ 5
A212 \ 5
A216: de| \3
» [ \25]




2. Homework Solutions

A2.1
(e) f(z) = [z5]"

. z3 —228
Then, f'(z) = 2 [31«3“} [x33+1 _9(w3+1)2] = 18 [13“} [(ig’il)z] = 18
f'(2)=-%<o.

Hence f is decreasing at x = 2.

Furthermore, f”(z) = 18(13f{) 162152(23% and f"(2) = 32 > 0.

Thus, f is locally convex at x = 2.
() f@)=[Z+2) -G -2

Then, f/(z) =4[5 +4—1]*[-2 + L] and f'(2) = 0.
Hence f is constant at x = 2.

Furthermore, f”(z) =
7(2) = () >0

Thus, f is locally convex at x = 2.
(8) f(2) = [, edt = je — 5
Then, f'(z) = —e* and f/(2) = —e* < 0.

12(d+ 4= 4 [-F+ &) 4 [+ 4= 1 (&

Hence f is decreasing at x = 2.
Furthermore, f”(z) = —2ze** and f"(z) = —4e* < 0.
Thus, f is locally concave at x = 2.

A2.2

(e) f(x1,20) =23 — 6x179 + 3.

Then, 8%1]”(:61, T3) = 3z% — 625 and %f(xl, T3) = 322 — 611.
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(f) [z, 20) = 3:5% — T1T9 + Ta.

Then f(z1,x2) = 621 — x5 and %f(ﬂfl,ﬂfg) =1-a.

) %

(g) g(z1,79,23) = In(z? — wox3 — 22). Then, 879(:61, To,X3) = m%éﬁ,

0 L 0 _—®p—2w3 _
3059(T1, T2, 3) = P ——— and 32-g(z1, v2, 73) = P e

A2.4 Let y = 23wy + 2373 + £E3£L'1. Then,

Oy 2
-7 —_ 9

B, T122 + 3,
dy 2

= _ 2

a:}jQ X1 + XoX3,
Oy 2

— = x5+ 2x31.
axg 2 341

Thus,

81'1 + 81'2 + 81‘3
(z1 4+ 29)? + 2(2o23 + 2321) + 73
= (1'1 + i) + l'3>2.

2.8 f(a1,22) = v/ + 3.

= 2x1719 + mg + xf + 2x9x3 + x% + 22311

(a) Let ¢t > 0. Then, f(tzy,tes) = \/t2x? 4+ 222 = t\/2? + 23 =t f (21, 22).

Hence, f is homogeneous of degree 1.

9 _1_2 ) 1 9
(b) 57/ (21, 72) = 5\/1:?+—xg and z2& f (w1, 22) = 3 éiwg

Hence, as predicted by Euler’s Theorem,

(a% (:171,:172)> 7+ (;2 (xl,x2)> vy =

DN —

2, 2
x? + 23

V12 + 23
\/ 22 + 22

f mlaxQ

2.’132

2(171 +1
=01t ;=2
Vi + a3 2\/x3 + 23



2.10 Let h : D — R be homothetic. By the definition of homotheticity, h(z) =
g(f(x)) where g is strictly increasing. We have to show that for all x € D and
alli,j € {1,...,n}

Oh(tzx)/0x;

Oh(tz)/0x;

is constant in ¢ > 0.

Oh(tx)  Og(f(tx)) in. Homogencity dg(tf(z)) Chain Rule g/(tf(m))taf(x)

ox; 0z; ox; ox;

and

Oh(tx) 0f(x))
&vj 81‘]' ‘

Since g is strictly increasing, ¢'(¢f(z)) # 0. Hence,

=g'(tf(x))t

Oh(tx)/0z; 9 tf@)EEL of(z)/ox,

Oh(te)[Ox; — g/(tf(x)tSe  Of(x)/dz;

However, the right side of the equation does not depend on ¢ > 0 and therefore
it is constant in ¢ > 0.

What does it say about the level sets? As explained in class, it means that the slopes
of the level sets are constant along any ray that origins in 0 (a ray through point
x could be parametrized by t > 0; i.e., ray(z) = {tz | t > 0}.



2.12 Let f be a concave function and M the set of global maximizer, i.e.,

M = {z* € D | for all z € D, f(z*) > f(z)}. Obviously, for all z',2% € M,
m* = (') = f(2?).

Let 2!, 22 € M and X € [0, 1] such that 2* = Az* + (1 — \)a?.

Since f is concave, f(z*) > Af(z') + (1 — ) f(2*) = m*. Hence,

for all z € D, f(z*) > m* > f(x). Thus, by the definition of M, z* € M.
2.16
(d) f(z1,22) = 4z1 + 229 — 27 + 2122 — 73,

Candidate(s) for extrema: {Z£} at {{z. = 35,2, =12}}.
(e) f(x1,m2) =23 — 67129 + 73.

Candidate(s) for extrema: {0, —8}, at {za = 0,21 = 0},{z1 = 2,29 = 2} .



