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Note: There are two parts to this document. In the first part (pages ii — x) are the
answers to exercises 1.2, 1.3, 2.3, 2.7, 3.1, 3.3, 3.4,5.1, 5.8, 5.9, and the two
additional exercises. In the second part are selected pages from Varian’s own
answers to the exercises. However, some of these answers by Varian lack specifics.
That is why I have added the first part.



Chapter 1

1
1.2 The CES production function: y = (a;x,° + a;x,°)?

1 1
d 14 14
ﬁ = %(a1x1p +ax,P)P pagx Pt = (agx, P + azxpP)r agxg P
1
dy 1 14 _1 i 1
P ;(a1x1p + ax5P)P T pazxPT = (a1x1P + apxP)r Tagx,”
2
Using (1) and (2) to obtain:
__ 0y/oxy _ ax,P7t _G1, Xiyp-1
TRS = ay/dx; a %Pt ap (xz)
1 1
o Mo _ (%)P—l - (TRS)?~1
X2 ai
1 1
@ 2= _ (%) (TRS)= (4)
X1 aq
1 1
alxz/x1) _ _ (%)PP 1 (TRS)E_l (5)
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Substitute (3) (4) (5) into the elasticity of substitution formula:

1 1
TRS dx,/x
I:> g = . Z/ 1 _ J—

_— 1
TRS 1 (%2)1-r =
dTRS ~ xu/x1 1—p( ) (TRS) =+~ =

X2/%1 a

1.3 The output elasticity of a factor 1 and 2:

af (x1,x3)  x a—1.p X1
€100 = 0x,  flx,x) P x1%x,P ¢
af (x1,x3)  x; a. b—1 X2
€20 = 0x,  f(x1,x) P x1%%5" b
Chapter 2

2.3 The production functionis y =x%,0<a < 1.
a) The profit-maximization problem: & = max, px% — wx.

1
FOC pax®l=w = x(pw)= (:/_p)E

S.0.C: pa(a—1)x%2<0 issatisfied because 0<a < 1.

Hence, the input demand and output supply functions are:

1 a

x(p,w) = (a—M;)E and

(1)

(2)

(3)



The profit function: T=py—wx=px*—wx=p (ﬁ)a_l -w (E)E

2 L 1 a a 1
W \a-1 W \a-1 _ — — -
Wehavemr =p (—) -w (—) = pi-a wa-1 (al—a - a1—a)
ap ap

To prove that the profit function is homogenous, note that

(tp, tw) = tw (1%1) (:TWP)E = tm(p, w), which indicates that m(p, w) is homogenous of degree 1.

The profit function m is convex in (p, w) if and only if the Hessian Matrix
0’mr  0%m

D*r(p,w) = (

ap?  dpow
0’n  0°m
owdp Ow?
is positive semidefinite.
a 1
Given0 <a<1,s0 ai-a —ai-a > 0
on 1 a _a /g _a 1
— = pl-awa-1 (al—a — al—a)
dp 1-—a
0*m a e o N
= pl-a wa-1|aql-a —qal-a
op? (1-a)? ( )
0°m —a %( o %)
= pl-awa-1{al-a —qal-a
dpow (1 —a)?
on a % Ll( 1L %)
—_—= pl-awa-1|ql-a —ql-a
ow a-—1
0%m a 1 2za/ a 1
E = (a — 1)2 pl-awa-1 (al—a — al—a)
aZ
=> |D,| = ﬁ >0
’n on
op? dpd
> = |
owdop  Ow?
a 2a—-1 a a 1 —a a 1 a 1
m p1l-a wa—1 (aTa — aﬁ) m pmwﬁ (am — aﬁ)
| —a & 1, a 1 a 1 2=a/ a  _1\d%nm|_
m pl—awa—l (a -a — al—a) mpl—awa—l (al—a — al—a) awz



=~ D?m(p,w) is positive semidefinite

2.7 The production function is f(x) = 20x — x? and the price of output is normalized to 1.
a) The profit maximization problem:

T =max, (20x — x? — wx)

. . . . . d
The first-order condition for an interior solution: d—z =20—-2x—w=0

=>x*=10- =
2

Note that x* > 0 if and only if w < 20.

b) For what values of w will the optimal x be zero?
Note thatz—z < 0whenw = 20. Hence, x* = 0ifw = 20.

c) For what values of w will the optimal x be 10?
Setting x* = 10 — §= 0 toobtainw = 0.

d) The factor demand function is:

x=10- 2%
2

e) The profit function:
T=(Q20-w-—x)x = (20—w—10+ %)(10— %) - (10_ %)2

f) The derivative of the profit function w.r.t. w:

dﬂ(W)zz(lo_ K)<_ l)zﬂ—w

dw 2 2 2
Chapter 3
3.1 The profit function is m(w) = @1 (w4) + @1 (w;), withp =1.
a) The profit function is non-increasing in w;. Hence, anv(vw) = ;' (wy) <0, and a;r‘iw) =®&,'(wy) <0.
1 2
2
Letr;; = a—”. Because m is convex in prices, the Hessian Matrix is positive semidefinite. Each

awiaWj

element along the principal diagonal of a positive semidefinite matrix must be non-negative. Hence
T = @' (wy) =0, and m,, = ®,” (w,) = 0. Note also that m;, = m,; = 0.

b) By Hotelling’s lemma,



ar(w) om(w)
X = -G = —@;'(wy),and x, = — T, —@,'(wy).
o _0%m
Then aWj_ awiaWj
c) Note that x; = — % = —@;'(w;). The demand for factor i is only a function of the ith price. This
13

indicated that the production function must be in the form that the marginal product of factor i
depends only on x;. It follows that the production function takes the form f(x;,x,) = g(x;) + g(x5).
To see this, consider the profit maximization problem (recalling that p = 1):

maxy, x, 9(x1) + g(x2) —wx; —wx,

From the first-order conditions, we have g'(x;) = w; and g'(x;) = wy. This confirms that the
demand for factor i is a function of w; only.

3.3 Solve the profit maximization problem:
T = Max 5 x, Pf(X1,X2) — XyWy — Xawp = max ., p(a1Inx; + azlnx;) — xywy — x,w,

F.0.Cs:

on a a * pa,
—=p——-—w,;, =0 =>p—=w, =>Demand forfactor1:x,;* ==—.
ox, p x1 1 p x 1 1 W,
om a a a
T _pZ_w,=0 =>pZ=w, =>Demand forfactor2: x,* = 22
6x2 X2 X2 wy

Output supply function: y = f(x;%, %) = (a4 ln% + ayIn I:A/ﬂ).
1 2

The profit function: & = p(allnz;)ﬂ + ayln I‘J’Vﬂ) —pa; —pa,.
1 2

3.4 Solve for profit maximization problem:

— j— a a
T =Mmax y, x, pf (x1,x2) — xwy — X;w, = max xpxp P(X11X92) — w1 — Xxw,

F.0.C.s:

on — a1—1 a, __ — 0 = a1—1 a; — 1
o, baixq X2 wy = =>pa;xq X274 =Wq (D
on — az—l a _ — 0 = az—l a; — 2
o, pazx; X1 wy = =>pazXx; X1 =Wy (2)
(1)+(2):
aix w wqia
alx2 = => X2 = _1_2x1 (3)

2X1 w2 Wz aq



Substitute (3) into (1):

1—-ajp ay
a;—1,W1 @z az — - a;—1+a, — W1 W2
a;xqt ——X1)?=w => X1t 2= —70
pa;x; (w2 a 1) 1 1 pa, -9z q,%2
1 w 1—-ap w ay
=> xl* = pl—al—az (_1)a1+a2—1 (_2)a1+a2—1 (4)
a; az
Substitute (4) into (3):
1-ay
1 aitaz-1 22
X, =%y (ﬂ) (&)aﬁaz—l
2 W2 a; a az
1-a
1 a; —a; alTuzl—l —(1-aq)
— pl—al—az W1a1+a2—1a1a1+a2—1wz a2a1+a2—1

1 w al w 1-aq
— pl-ai-ay(Z\ai+az-1 (Z2\ai+a,—1
pl-a Z(al) 1+az (az) 1+az

In order to satisfy the second-order conditions of the profit maximization problem, the technology
must exhibit decreasing returns to scale; so a; + a, < 1.

Chapter 5
5.1 The cost functions of the two plants:

c1(1) = ¥1

c2(y2) = ¥3

The firm chooses the output levels at the two plants to minimize its total cost of production:

c(y) =miny ,, {c;(1) +c2(y2)} = min{y{ +y3} sty +y, =y

F.O.Cs:
2y, —A=0
2y, —A=0
So we must have y;* = y," = 2. Substituting into the objective function yields

>

2
c0) =P+ =2

5.8 Using the cost function, we write the firm’s profitas m = py — y? — 1 for y > 0. To maximize

its profit, the firm sets
dm

ar _ o _ — syt =P
o P~ 2y=0 =>y'=/,

Vi



Note that if the price of the output is too low, , the firm would earn a negative profit by producing a
positive quantity. For example,

—1=-3<0.
4

. 1 1 1
atp:]_=>y :5'7'[: > 3

In such a situation, the firm would rather produce no output and earn zero profit, since c(y) = 0aty =
0. Therefore, the firm’s profit function is
2 2 2
_ p_"p _ P _
n(p) = max {2 7 1,0} = max { 7 1,0}

2
Atp = 2, p: — 1 = 0. Hence, the firm will produce according to y* = p/z =1.

5.9 Since fraction 1- a of the firm'’s output are defective and cannot be sold, its revenue from
producing y units of output is ay.
a) The firm’s profit function: © = max,, pay — c(y).
Using the envelope theorem, we obtain: % =py > 0.

The sign of the above derivative is positive because p > 0 and y > 0.
b) To find the output y, we take derivative of m w.r.t. y

T=ap- (=0  =ap=c'() (1

Note that the solution of y depends on a. Differentiating (1) w.r.t. &, we have

= c"(v) -2 = v_ P
p=c"02 T W o (2)

Since ¢"(y) > 0 (rising marginal cost), we have Z—Z > 0.

c) With n identical chip producers, the total supply of (functional) chips are nay. The equilibrium
price is determined by the market clearing condition:

D(p) = nay (3)
=>2=y

Sub (4) into (1), we obtain

ap=c'E®y (5

na

Equation (5) determines the equilibrium price p as a function of a. Differentiate (5) w.r.t. a:

D(p)
_ ’ 72202 _d(W)
=> ptap'(a) =c"(G ) —— (6)

vii



)

R e OLIORE
=ptap'@ =" (53) - (G P @D'0) ~ 32 ) = 5 (@ 0D’ R) — "0 T
o4 ) 22 = (@[

p+c” ()28

= p'(a) = W and since D(p) = nay,

p+ C"(}’)% _nap+c”"(yny na%+ny _ n(a%+y)

” ’ ) r_ 2 2 2
Wb _ - <O = na® 5, ne? o, na?
na c c

=p'(a) =

Note that p'(a) < 0 because D' < 0 and ¢”” > 0. The sign of (Z—Z)/p is the same as that of p' ().

Additional Exercises

A1. Derive the cost functions associated with the following production technologies:

(a) Cobb-Douglas technology: q = Ax,%x,"

minxl'xz {Wlxl + szz} s.t. Axlaxzb =q
LA,X) = wyxg + wox, — A(Ax%%,” —q)

F.O.C.s:

oL _ -
o = w1 — Adax,® Ix,b =0 => wy = Alax;* x,? (1)
1

oL -
o = W2 — Adax,® x,P"t=0 => w, = Adbx;%x,P~1
2

(2)

aL a. b
5=Ax1 x,° —q=0

(1) = (2):

wy;  Alax;* 'x,® ax,
w,  Albx %x,?"1 b x;

wy b
ﬁxzz_w Exl (3)
2

Sub (3) back into the production function:

Axa(ﬂéx)b=
1 W, a 1 q
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b

b
q[wza w, ala+b
= %o = 4[] > x = e[

* w1 b w-o a b __1

=> x, =W_:Z _W_ZE() [2 ]‘” —()ab(——)ab —()+b(__)a+b

1 b 1 N

W3 dla+b q\a+b (W2 A\a+b

c(q@) = wixy" + wyxy*t = W1(—)a+b [W_B] + w, (Z) (W_B>
1 1

-a
a+b ( a+b a/(a+b)Wb/(a+b) + ( )a+b Wa/(a+b)Wb/(a+b)>
2 b 1 2

—-a
a+b [ a+b a+b] Wla/(a+b)wzb/(a+b)
(b) Leontief technology: q = min{ax,, bx;}
If ax; > bx,, the output level is given by ¢ = bx,. In this case, the firm can reduce the amount of input
1 used in the production to the point ax; = bx, and still produce g = bx, units of output. Similarly, if
ax; < bx,, the output level is given by g = ax;, in which case the firm can reduce the amount of input
2 to the point ax; = bx, and still produces g = ax; units of output. Therefore, to minimize costs the
firm should choose x; and x, in such a way that ¢ = ax; = bx,. Then, we have

(c) Linear technology: q = axq + bx,.

In this case, inputs 1 and 2 are perfect substitutes. Specifically, 1 unit of input 1 alone can produce a
units of output, and 1 unit of input 2 alone can produce b units of output. This implies that the firm can
use either 1/a units of input 1 or 1/b units of input 2 to produce 1 unit of output. The cost of producing
1 unit output is w; /a if the firm uses only input 1 and w, /b if the firm uses only input 2. Since the two
inputs are perfect substitutes, the firm will use whichever is cheaper. Accordingly, the firm uses only
input 1 (i.e., x; = q/a,x, = 0)ifw;/a < w,/b; and it uses only input 2 only if (i.e., x;, = 0,x, = q/b)

if wy/a > w,/b. Hence, the cost function is c(w;,w,,q) = q - min{%,%}.

A2 (a) Set x, = k in the output constraint: ¢ = alnx, + blnk. Solve this equation to obtain the

amount of input 1 needed to produce g units of output:
X, = e(q_blnk)/a_

The firm’s short-run total cost function:
STC = wyx; + wyk = wye@bnk)/a 4y k.

(b) The short-run marginal cost function:

dSTC _ W1 (q-binky/a
dq a '



Since

asMC _ D Wi g-bimiysa < g,

dk ak a

SMC falls if the firm has a larger k.
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ANSWERS

Chapter 1. Technology

1.1 False. There are many counterexamples. Consider the technology

generated by a production function f(x) = x2. The production set is

Y = {(y,—x) : y < 22} which is certainly not convex, but the input re-
quirement set is V(y) = {x : © > /y} which is a convex set.

1.2 Tt doesn’t change.
1.3¢; =aand eg = b.

1.4 Let y(t) = f(tx). Then

dy <~ 0f(x)
dt _; 8581 v
so that
Ly _ 1 N0
y dt f(x); ox; i

1.5 Substitute tz; for i = 1,2 to get
L 1
fltzy, txe) = [(tx1)? + (twe)?])? =tz + 28] = tf(x1, x2).

This implies that the CES function exhibits constant returns to scale and
hence has an elasticity of scale of 1.

1.6 This is half true: if ¢’(x) > 0, then the function must be strictly
increasing, but the converse is not true. Consider, for example, the function
g(z) = x3. This is strictly increasing, but ¢’(0) = 0.

. Since g is

1.7 Let f(x) = g(h(x)) and suppose that g(h(x)) = g(h(x'))
) = g(th(x)) and

g
monotonic, it follows that h(x) = h(x’). Now g(h(tx)
g(h(tx")) = g(th(x")) which gives us the required result.

1.8 A homothetic function can be written as g(h(x)) where h(x) is ho-
mogeneous of degree 1. Hence the TRS of a homothetic function has the



4 ANSWERS

2.1 For profit maximization, the Kuhn-Tucker theorem requires the follow-
ing three inequalities to hold

of(x*
)

x; > 0.
Note that if 27 > 0, then we must have w;/p = df(x*)/0x;.

2.2 Suppose that x’' is a profit-maximizing bundle with positive profits
m(x") > 0. Since
fx") > tf(x'),
for t > 1, we have
m(tx") = pf(tx') —twx' > t(pf(x') — wx') > tw(x') > 7(x').

Therefore, x’ could not possibly be a profit-maximizing bundle.

2.3 In the text the supply function and the factor demands were computed
for this technology. Using those results, the profit function is given by

v\ 5T N
7T(p,w)—p<—> —w<—> :
ap ap

To prove homogeneity, note that

w ) o1 w\ =T
ap ap
which implies that 7(p, w) is a homogeneous function of degree 1.

Before computing the Hessian matrix, factor the profit function in the
following way:

ﬂ(p,w) e pﬁwﬁ (aﬁ — aﬁ) e pl—awa—l ¢)(a),

where ¢(a) is strictly positive for 0 < a < 1.
The Hessian matrix can now be written as

327T(p,w) 627T(p,w)
D27r(p,w) — op? OpOw

I’r(pw)  n(p,w)
Owdp Ow?

a 2a-1 _a a _a _1_
wp l1—a qQa-—1 _wpl—awa—l
= ¢(a).

a a 1 a 1 27({
_wpl—awa—l wpl—awa—



Ch. 2 PROFIT MAXIMIZATION 5
The principal minors of this matrix are

a 2a—-1 _a
mp = waTd(a) >0

and 0. Therefore, the Hessian is a positive semidefinite matrix, which
implies that 7(p, w) is convex in (p, w).

2.4 By profit maximization, we have

of
_ O, W
ITRS| = F# = .
8$2

Now, note that
In(wozo/wiz1) = —(In(wy /ws2) + In(z1/x2)).

Therefore,

dIn(woxa/wiry)  dln(wy/wo) 1= dIn|TRS|

din(z1/z2)  dln(zg/z)  din(za/z1) 1=1/o—1.
2.5 From the previous exercise, we know that
In(wozo/wiz1) = In(we/wr) + In(ze/x1),
Differentiating, we get
dIn(wexs/wix1) o dln(xo/x1) 1o
dn(ws /w1) dln|TRS]|

2.6 We know from the text that YO D Y D YI. Hence for any p, the
maximum of py over YO must be larger than the maximum over Y, and
this in turn must be larger than the maximum over Y'I.

2

2.7.a We want to maximize 20x — z* — wx. The first-order condition is

20— 2x —w = 0.

2.7.b For the optimal x to be zero, the derivative of profit with respect to
x must be nonpositive at z = 0: 20 — 2z — w < 0 when x = 0, or w > 20.

2.7.c The optimal x will be 10 when w = 0.

2.7.d The factor demand function is x = 10 — w/2, or, to be more precise,
x = max{10 —w/2,0}.



6 ANSWERS

2.7.e Profits as a function of output are
20x — 2?2 —wr = [20 — w — z]2.

Substitute = 10 — w/2 to find

m(w) = [10— —]2.

2.7.f The derivative of profit with respect to w is —(10 — w/2), which is, of
course, the negative of the factor demand.

Chapter 3. Profit Function

3.1.a Since the profit function is convex and a decreasing function of the
factor prices, we know that ¢.(w;) <0 and ¢} (w;) > 0.

3.1.b It is zero.

3.1.c The demand for factor i is only a function of the i*" price. Therefore
the marginal product of factor ¢ can only depend on the amount of factor
1. It follows that f(z1,z2) = g1(z1) + g2(x2).

3.2 The first-order conditions are p/x = w, which gives us the demand
function x = p/w and the supply function y = In(p/w). The profits
from operating at this point are pln(p/w) — p. Since the firm can al-
ways choose x = 0 and make zero profits, the profit function becomes
7(p, w) = max{pIn(p/w) — p, 0}.

3.3 The first-order conditions are
alﬂ — w1 = 0
1

p
ag— — Wg = 0,
Z2

which can easily be solved for the factor demand functions. Substituting
into the objective function gives us the profit function.
3.4 The first-order conditions are

a1—1,_.a
paixyt xy® —wp =0

a2—1 al .
pasTy® Tt — we =0,

which can easily be solved for the factor demands. Substituting into the
objective function gives us the profit function for this technology. In order



Ch. 4 COST MINIMIZATION 7

for this to be meaningful, the technology must exhibit decreasing returns
to scale, so a1 + as < 1.

3.5 If w; is strictly positive, the firm will never use more of factor 4 than it
needs to, which implies x1 = x2. Hence the profit maximization problem
can be written as

max pr] — wiT) — walks.

The first-order condition is
pax{™' — (w1 + ws) = 0.

The factor demand function and the profit function are the same as if the
production function were f(x) = x®, but the factor price is wq + ws rather
than w. In order for a maximum to exist, a < 1.

Chapter 4. Cost Minimization

4.1 Let x* be a profit-maximizing input vector for prices (p,w). This
means that x* must satisfy pf(x*) — wx* > pf(x) — wx for all permissible
x. Assume that x* does not minimize cost for the output f(x*); i.e., there
exists a vector x** such that f(x**) > f(x*) and w(x** — x*) < 0. But
then the profits achieved with x** must be greater than those achieved
with x*:

pf(x™) — wx™ = pf(x*) — wx™

> pf(x") — wx",

which contradicts the assumption that x* was profit-maximizing.

4.2 The complete set of conditions turns out to be
f(x") "

(thJ — Wy ZEJ- = 0,

), g

8$j

x; >0,

(y—f(x")t=0,

y—f(x") <0,

t>0.

t

If, for instance, we have 7 > 0 and 2z} = 0, the above conditions imply

of(x*)
of(x*) = wy’

Oz



Ch.5 COST FUNCTION 9

doesn’t make sense—you are producing more output in the plant with the
higher costs!
It turns out that this corresponds to a constrained mazimum and not to
the desired minimum. Check the second-order conditions to verify this.
Since the cost function is concave, rather than convex, the optimal solu-
tion will always occur at a boundary. That is, you will produce all output
at the cheaper plant so c(y) = 2./y.

4.7 No, the data violate WACM. It costs 40 to produce 100 units of output,
but at the same prices it would only cost 38 to produce 110 units of output.

4.8 Set up the minimization problem

min 1+ To
T1T2 =Y.
Substitute to get the unconstrained minimization problem

min x1 + y/x1.

The first-order condition is
1- y/ Y %a

which implies 1 = ,/y. By symmetry, 2 = /y. We are given that
2,/y =4, so \/y = 2, from which it follows that y = 4.

Chapter 5. Cost Function

5.1 The firm wants to minimize the cost of producing a given level of output:

c(y) = min 47 + 13
Y1,Y2

such that y1 +y2 = y.

The solution has y; = ya = y/2. Substituting into the objective function
yields
c(y) = (y/2)* + (y/2)* = y*/2.

5.2 The first-order conditions are 6y; = 2ys, or y2 = 3y;. We also require
y1 + y2 = y. Solving these two equations in two unknowns yields y; = y/4
and yo = 3y/4. The cost function is
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5.8 If p = 2, the firm will produce 1 unit of output. If p = 1, the first-
order condition suggests y = 1/2, but this yields negative profits. The
firm can get zero profits by choosing y = 0. The profit function is w(p) =
max{p?/4 —1,0}.

5.9.a dr/da = py > 0.
5.9.b dy/da = p/c"(y) > 0.
5.9.0 /() = nly + ap/e"/[D'(p) — na/e"] < 0.

5.10 Let y(p, w) be the supply function. Totally differentiating, we have

= Jy(p, w) "~ Ozi(p, w) =~ Ozi(w,y) Oy(p, w)
dy=2 dw; dwi==-3 op dwi==3 dy op

i=1 =1 =1

The first equality is a definition; the second uses the symmetry of the
substitution matrix; the third uses the chain rule and the fact that the
unconditional factor demand, x;(p, w), and the conditional factor demand,
x;(w,y), satisfy the identity x;(w, y(p, w)) = x;(p, w). The last expression
on the right shows that if there are no inferior factors then the output of
the firm must increase.

511l.ax=(1,1,0,0).

5.11.b min{wy + we, w3 + w4 ty.

5.11.c Constant returns to scale.

5.11.dx = (1,0, 1,0).

5.11.e ¢(w, y) = [min{ws, we} + min{ws, w4}]y.
5.11.f Constant.

5.12.a The diagram is the same as the diagram for an inferior good in
consumer theory.

5.12.b If the technology is CRS, then conditional factor demands take the
form x;(w,1)y. Hence the derivative of a factor demand function with
respect to output is x;(w) > 0.

5.12.c The hypothesis can be written as
de(w,y)? | 0yow; < 0.

But
de(w,y)?/Oydw; = de(w, y)? |Owdy = Oxi(w, y)/dy.
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5.13.a Factor demand curves slope downward, so the demand for unskilled
workers must decrease when their wage increases.

5.13.b We are given that 91/9p < 0. But by duality, 0l/0p = —0?7/Opow =
—0%7 /Owdp = —0y/Ow. Tt follows that dy/dw > 0.

5.14 Take a total derivative of the cost function to get:

"\ de dc
dec = 2 8—’Ujldwl + (9_y

dy.
It follows that
9c dc— S @dwi

oc =1 8’&11

Ay dy
Now substitute the first differences for the dy, dc, dw; terms and you’re
done.

5.15 By the linearity of the function, we know we will use either x;, or a
combination of x5 and x3 to produce y. By the properties of the Leontief
function, we know that if we use x2 and x3 to produce y, we must use 3
units of both 2 and x3 to produce one unit of y. Thus, if the cost of using
one unit of x; is less than the cost of using one unit of both x5 and x3,
then we will use only x1, and conversely. The conditional factor demands
can be written as:
3y if wy < ws 4+ ws
Tr1 = .
{ 0 if wy > wo +ws

Ty — 0 if wy < wo + ws
2= 3y if wy > we + ws

- 0 if wy < wo + ws
3= 3y if wy > we + ws

if w1 = we+ws, then any bundle (x1, x2, x3) with o = x5 and z1+x2 = 3y
(or z1 + 3 = 3y) minimizes cost.
The cost function is

C(’UJ, y) = 3y min(wla w2 + ’Ujg).

5.16.a Homogeneous:

c(tw,y) = y1/2 (twltw2)3/4

_ t3/2(y1/2(’UJ1’UJ2)3/4)
=t32¢(w,y) No.



Ch. 5 COST FUNCTION
Monotone:
dc 3 12 —1/4 3/4 dc 3 /2, 3/4, —1/4
_° - =2 Yes.
Ju; 1Y Tw W >0 B 1YW w >0 Yes
Concave:
3 —5/4 3/4 g —1/4, —1/4
Hessian = _Eylﬂw%ﬂl w%/4 Eylﬂwl 3/4w2 5/4
19_6y1/2w1 Wq _13_6:91/21”1 Wa
|H1| <0
9 —1/2 —-1/2 81 -1/2 —-1/2
|Hs| = 25671 /w2 /2 - o5V /w2 /
72
Y_ <0 No

- _% A/ W1W2

Continuous: Yes

5.16.b Homogeneous:

Monotone:

oc

owy

Concave:

c(tw, y) = y(twr + Viwtws + tws)
= ty(wy + wrwz + wa)
=tc(y,w) Yes

1 0 1
yl1+ = 22) >0 —C:y 1422} >0 Yes
2 w1 (9’(U2 2 wo

1/2 —3/2 —1/2 —1/2
H— —%wa/ wy / %wa /wl /
= —1/2 —1/2 —3/2 1/2
%wa /wl / —%wa /wl/
|H1| <0
L S S RS G|
|Hs| = TgVW2 Wi T qghwa Wi =0 Yes

Continuous: Yes

13
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Production Function:
xl(w,y)—y<1+§ —) (1)

za(W,y) =y (1 +

DN =
S|S
N[ =
N~
~—~
K

Rearranging these equations:

Yy w2

1 —Yy= D) w_1 (1)
y jun

n-y=5/o 2)

Multiply (1) and (2'): (x1 —y)(z2 —y) = 744—2. This is a quadratic equation
which gives y = 2(z2 +21) & g\/xf + 2242 — 170

5.16.c Homogeneous:

c(tw,y) = y(twie™ "™ + tw,)
= ty(wie ™" + wy)
#tce(w,y) No

Monotone:

oc

=y(—wie ™™ +e ) = ye (1 —wy)
8’&11

This is positive only if w; < 1.

dc
—=y>0 N
(9’(112 4 ©

Concave:
ylwy —2)e™™r 0
0 0

|Hy| = y(wy —2)e™

H =

This is less than zero only if w; < 2.

|H2|:0 No

Continuous: Yes
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5.16.d Homogeneous:

c(tw,y) = y(twy — Viwrtws + tws
= ty(wy — Vwrwz + ws)

= te(w,y) Yes

Monotone: 5

c 1 jws

—_— = 1 —_ = —
8’&11 y( 2 w1 )

This is greater than 0 only if 1 > §, /%2

Oc 1 [w;
g1 - 5y 2)

Ows 2\ we

This is greater than 0 only if 2 >, /&=

1
wo > Zwl (by symmetry) 2/w; > \/ws

or

1
w1 < 4wy w1 > ZwQ

Monotone only if %wg < wi < 4wsy. No.

Concave:

—3/2w§/2 1/2 —1/2

1 1, - —
H— 1YWy —zyw; T Wy
= 1 —1/2 —1/2 1 1/2 —1/2

—1yw; Wy 19wy Wy

1 _
|H1| _ Zywl 3/2w;/2 >0

|Hz| =0 No (it is convex)

Continuous: Yes

5.16.e
Homogeneous:

1
c(tw,y) = (y + ;vtwltwﬁ
= tc(y, w) Yes

15
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Monotone in w:

Oc 1 1. [we Oc 1 1. [fun
= (y+= 2 >0 — = —(y + = — >0 Y
owq 2(y y) w1 Ows 2(y 2) Wa o
Concave:
1 1, -3/2 1/2 1 1y,,~1/2 —1/2
-3y +-w w 2y +o)w w
H= l iy y_ll o2 1l y) ! > ] But not in y!
1 1 /2, —1/2 1 1y 1/2 —3/2
1 y)wy Twy =1+ 5w Twy
|H1| <0
Yes
[Ha| =0

Continuous: Not for y = 0.

5.17.a y = vazy + bxo

5.17.b Note that this function is exactly like a linear function, except that
the linear combination of x; and x» will produce 3?2, rather than just y.
So, we know that if x; is relatively cheaper, we will use all 1 and no zs,
and conversely.

. . o 2 .
5.17.c The cost function is c(w,y) = y° min(**, 52).

Chapter 6. Duality

6.1 The production function is f(x1,x2) = x1 + x2. The conditional factor
demands have the form

Yy if w; < w;
z;, =<0 if w; > W
any amount between 0 and y if w; = w;.

6.2 The conditional factor demands can be found by differentiating. They
are x1(wi, wa,y) = x2(w1, ws,y) = y. The production function is

f(z1, 2) = min{zy, x2}.

6.3 The cost function must be increasing in both prices, so a and b are both
nonnegative. The cost function must be concave in both prices, so a and
b are both less than 1. Finally, the cost function must be homogeneous of
degree 1, s0 a =1 —b.
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