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Hl1am B AR

1.1 RBEIJTiF#
1. MR V(y)@i g, BLBEXHNEFTEY —E20OM, JTHE?

True or false? If V(y) is a convex set, then the associated production set Y must be convex.

& XAUOEMSR. BHEmT

AR R A BRE, HRGERAML . B EUEM N A = R R A
R

HEHY . R Y RN, IBAT AR, MRy, -x)#(y, -x')EBLE Y
Bx MR, —ESA(y+(1-t)y, ~tx-(1-0)2")EYH, BI(y, -tx-(1-12)2"))
TEY o WIMTAIEL: iR« fla 7 V(y) W, 84 e+ (1 - o)« dB7E V(y) o, MIAT %1 V(y)
QUPSTLTiI

TR RGN BA B R EHABRE MW AR, HEBE AR (x) =2 H
EMBAR, AFEY =1{(y, -2)y<s| BRARRMK, HRABRE o(y) = {xa=/y| £
LE 98

2. %a,#a, Bf, CES £EMy = (a,x,” +a,x,") s MBHRBIR 47

What is the elasticity of substitution for the general CES technology y = (a,x,” + a,x,” )fl’_ when

a, 7#a,?
. N IR, HRSHTRBARBEAR, MIEBARBAREE XL
of
0%, g.%° "
. _E K _azxz"_]
9%,
P B BUE R :
In| TRS | =ln:—'+(l —p)mz—2
din(=x
BB R R S £ T
3. OREROFHBEELA: & (x) =L B m (o) —xisl, SrERR
PSR A
Define the output elasticity of a factor i to be
)T

Ains)= ax, f(x)
If f(x) =x{x;, what is the output elasticity of each factor?

: fi(x) =axi'xy, f,(x) =baix;”", WIGSE—DEHM HBER -



gl(x) .fl x)f( )_axl_lxgxf y —a
EAERN R
& (x) =fh(2)==c

=bxtxn” 5
f( ) T N

4. MR e(x) BB, £ (x) BER I 0= HEHE, ER:
e(x) = 3 &(x)
i=1
If £(x) is the elasticity of scale and &,(x) is the output elasticity of factor i, show that

o(x)= ¥ ai(x)
ERH: AP RE Gy =f(x), A (1) =fr), Fot e >0, BUBHERRE LN .

i) = LE) (t) Lt _of(ew) &
y t=1 = at f(tx) t=1
NITE
¢, of(ex) _ Z 6f(tx)

Sf(x) ot f(tx)'
TR R ™ H i 1 SOA

_ dlnf(ix)

il i zf(x) 6x ZS(")

5. 3 CES £=HEmME, f(x, x,) =(x’ +x,°) P B R A7

What is the elasticity of scale of the CES technology, f(x,, x,) =(x,” +x2”)17?
=

iy, ) =[ (12,)° + (1%,)? 17 =t[ 2 + 217 =tf(x,, %,)
X R CES A7 R s A REI AE, BAEsatE A 1,
B I AT DRI — 4551, iiﬂ‘

oy G0 ] ) e
y | dt  f(m) |,
L d(t"x‘,’;z”xg)p =dt(x7dtxg)7=(xf+x§);_,

16 = 1 B SRR A%, ) = (5 +x,°) 7, FSBIHBIHER 1,

6. HHENEH g (x) >0 B, AIRIEE g(x) BBIETE, HETXIHEE?

True or false? A differentiable function g (x) is a strictly increasing function if and only
ifiglCe) > 0.

& A IER . XENR: R ¢ () >0, A eRBUE™ Mm%, HREkK,
WA —E WAL . 2PRUEN, R g(x) =2° RATTA, IFH™H8, HIE x =0 L S50
HE

7. MRf(x) BRAMGEARIEE, HE xfx’ £=EHEKFENFTH, B4 fl o' th—
EFRERKFH, HIERZXI SR,
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In the text it was claimed that if f(x) is a homothetic technology and x and x” produce the same
level of output, then tx and tx’ must also produce the same level of output. Can you prove this rigor-
ously?

UERA: B SGHR— T AR ARRE X .

PRI AR S — AN — KSR SR B SR AR B A TE UL, PRELS(x) ALY, 4 HAY
B URRA(x) =g(h(x)), HHh( - )R—KFWH, g( ) RHPHRE

HIF x fl 2 A AR, A g(h(x)) =g(h(2")), X NR%L g( - )R
YAy, LA h(x) =h(x"), Tht:

Sflix) =g(h(tx)) =g(th(x)) =g(th(x")) =g(h(x")) =f(1x")

B ox F0 ox” o — 5 A7 [ A 77 H.

8. MR Sf(x,, x,) REGEL, ERAEE(x,, x,) LHRAEREETEE (&, &)
AEBERERE,

Let f(x,, x,)be a homothetic function. Show that its technical rate of substitution at (x,, x,)
equals its technical rate of substitution at (ix,, ix,).

UERR: PLRIBRBATLAS i gl h(x) ], o h(x) 2—IKFFKBREL, g( - ) REHIHREL
PLRL KB f( %y, %) TE(tx, , o) AERIEEARBACHRINT

of 98
i I(tx) ax,(tx)

;é(m) _ji;(m

TRS(tx) =

M BT RAE H, — AR R B B AR A 3R 5 A L Y — UK R U R B SR B AR A
o Mi—IRFFWBREAE (%, , %) AEFI(ex,, txy) AEHIBERBARARSE, DA L PR EAE (v,
xz)ﬂf*ﬂ(lxl Mz)&ﬁﬁ@&*%ﬁi&*ﬁ«fo

9. %& CES £ 5H#: f(x,, x,) =(ax,” +a2x2p);l'_o iIEﬂHEIBL?&'E‘Eﬁlif(xl y X)) =
Alp) [bx/” + (1-b)x 17 BT

Consider the CES technology f(x,, x,) = (a,x,” + azxz")fl’_. Show that we can always write
B e T v, = Alp) [bs, 4 (1 ~B)x2 1

IERR: MEHRUT .

i
4 a P
f(xl’x2)=(a|x1p+azxzp)":[(a.+a2)( —af 4 — ,n‘z')]
a,+a2 a, +a,
g
a f
xh + 2 r‘;]
a, +a2 a, +a,

=(a, +a,)” [

W% b=

10. RIZFYR—INETR MRYEYFMYyEYPFEREy +yEY P, BRATLAA
ZHEAREZMERN, MRy EY P, HEAMNEBHOsti<1, oy EY B, MALADZEARAR
AR ERA: MR- AREMMENXZTSERN, BAY —EROMNERIHM
B A2,

Let Y be a production set. We say that the technology is additive if ¥ in ¥ and ¥’ in Y implies

3

oy ey’ A0 = (b



that y +y' is in Y. We say that the technology is divisible if y in ¥ and 0 <t<1 implies that ty is in
Y. Show that if a technology is both additive and divisible, then ¥ must be convex and exhibit con-
stant returns to scale.
HERR: W AR R AT e, ORBERE X TR T 0 2 1 Z AL e, 1 M
(1—t)y" #BAEY hro MNP BERE B Z A oy + (1 —0)y" HAE Y P, dgbiPERIFGIER .
SHEBRT 1 Bsese, BAATE R e =[e] + (e [e]) , Hple] 2R ¢ lBBERIY,

[
mFe>1, FibAled=1, FFH (e-[e]) e(0, 1) B, By 7EYH, Whnnk, ;y

= [e]y e Yof, BRElAIME, (0-[e])y 7E Yob, BRI, [ely+ (e-[e])y
=ty HAE Y, X EWRE LB BRI A LR

1. AFMEANERE, ATHERTHEEMN S, SEEM/ O, RESHaFD
PARe 7= tH 7K T PR A8 A IE -

(a)V(y) ={x,, x,?ax,=logy, bx,=log y}

(b)V(y) ={x,, x,'ax, +bx,=y, x, >0}

(e)V(y) ={x,, x,tax, +\/;E+bx22y}

(d)V(y) ={x,, x,:ax, +bx,>=y}

(e)V(y) ={x,, x;:x,(1-y)=a, x,(1-y)=b|

(F)V(y) = {xl y Xytax, 7/E+bx22)’}

(g)V(y) ={x;, x*x, +min(x,, x,) =3y}

For each input requirement set determine if it is regular, monotonic, and/or convex. Assume
that the parameters @ and b and the output levels are strictly positive.

(a)V(y) = {x,, %" ax, =logy, bx,=log y|

(b)V(y) ={x,, x,°ax; +bx,=y, x, >0}

(C)V(}’) = ’xl , Xyt ax, +«/m+bx22y}

() V(y) ={x,, x,°ax, +bx, =y}

(e)V(y) =1{x,, %,:x,(1 —y) =a, x,(1 —y) =b}

(DV(y) =12, %7 ax, ~/x,3, +bx, =y}

(g)V(y) ={x,, x,°%, +min(x,, x,) =3y}

&: EMMREXIA y=0 15, V(y) Z2— N ES A%, ENHERE SAF7E R
AR B Y T R A R AR A K =

BPRBIR x FEV(y) b, IFH 2 =0, HA, 2 =x A V(y) o BIREMHERERE
RREENREAL K-

IMPERAR IR x F1 x" EBAE V(y) Hh, HRA, XMFAENTOM I ZEM t fiE, o+ (1 -t)a'
W V(y) H,

(a) BEABORAEN L EW T, SiavE LR,

(b) BEAZRAEWE R IENME, S bl

() BABRERIENMER . f(x,, ) FFEIRIER, FFAEARR AR, T
PR R, BT R BUR M R A (E R RLER) . B TRIEX &, M4

PR R I R BOE R — R, BT RERCEE, I RS — D ETFRESE—1
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FMATHR, B oA EFHELA—NERHTTHI

Pf(x) _ 1 -34 ¥f(x) |1 -4 &
ox a5 4 0%,0%, 4 it
¥flx) 1.4 -3
ot 4 A

L =372 172 L -172_-172
RN 4"1 %,
MNP = .
1 -172 172 l 172 -372
e T
D= —i—x,'mx;/z <0
1 L |
D, =16™ by ! 6% %5 i=0
FRUBAERERMER

(d) BEAZORAEW R IENYE, Fiv: LR N,

(e) BAZLREARW ZIEMYE, FAMERKT 1 75, RF7ERE 4™ R mH
A, (HERERREERNE;

(D) BAZCRERENPER . A TRBSIAYE, 5 FAERE () =ax, - /2%, + b2,

A R BOR i T 1 5 -

f(x) _ _L -12_122
o, g m

AL > 1208, LW, WISAZ RIS,

FRE f(») KSR, HATHIANE, BHE AN FEFXRIE. BRI T
HHf(x) Btk (HRX FEAZERE o(y) AT LAHIBHA RN E, BT .

ax, —/x%,%, +bx, =y, MPRBEAHE: ax, +bx, -y /2,5, XX TFHHF Iy )G
R — MBI, I H ax, —/x,x, +bx, =y RGBSR X RIS — RIRIGFESY, EA
R, B o(y) AR

(7) X —pRECR— M S — HLEV B R R B I SRIE T, BT LA e AT X R ok 00T 1 46 1
PrAvER, BAEIENYE. BiEtER .

1.2 SR TiER

1. Linearly homogeneous production fonctions are expressed, quite frequently for the
sake of convenience, in “per capita” terms, The trick is simple: one input is factored
through the equation (that factor is usually labor, and hence the use of the “per capita ter-
minology” ).

Consider, for example:

y=f(x,, x,;)

where f(x,, x,)is homogeneous of degree one . It is possible to define a new function

&(X) by dividing through by x, so that



Y =x,f((x,/x;), I)Ex2¢(X) (1)
where, X=(x,/x,). Alternatively,
(Y/x,) =¢(X) , is the per capita production function in terms of x,.

Questions ;
(a) Express the profit-maximizing conditions in terms of w,, w,, and ¢(X) under the

assumption that the price of output y is unity.
(b) Show that

g & (X [S(X) X (X) ] (2)
X (X) " (X)
(¢) Show that if f(x,, x,)were a standard CES production function of the form
Y=(ax) +(1-a)x})"”,
then the expression offered in part (c)would be consistent with
o=1/(p-1) (27)

(d) Return now to the more general function defined in equation (1). Suppose that
x,and x, were to represent capital and labor, respectively. Investment would then correspond
simply to an increase in the stock of x,. Assume further that labor“owned” no capital, and
that it saved s, - 100 %of its wage earnings (w,x,). Let the capitalists, meanwhile, provide
no labor while they save s, - 100 % of their income from capital(w,x,).

Consider now, an economy progressing along a steady state balanced growth path in
macroeconomic equilibrium, so savings equals investment. That is to say , assume that

(investment) =x, =s,w,x, +5,W,X, = (savings)

and require that(x,/x,) remain fixed even though x, is growing at a rate n. Dot nota-

tion again denotes time derivatives, so the steady state requirement can be expressed
(x,/x,) =0

Should the laborers encourage the capitalists to increase s, ; i. e. , would their wage in-
crease if s; were to climb? Show that the answer depends on both the size of the absolute val-
ue and the sign of (s, —s,).

Solutions: (a)With the prices properly normalized so that p =1

=8f(x, L Ty =6(x2¢(x)) <

-¢' (%) (%,/x,) +d(x) =dp(x) -2 (x)  (3)

Wy

0x, 0%,
while
w, =af(xala;, %) _ a(ngi(x)) =x,0'(2)%, ' =¢'(x)  (Yx)

(4) slope=w, A
For any, then , (w,, w,)can be illustrated graph- W,

ically. ST /x ), 1]

Notice from Figure 1 —1 and w, declines and w, in-

s ! (x/x)
creases as x increases. To see this, observe first of all i

that the slope of the per capita production function Bl 1 -1 A7t s&EHFiliiE ek 1k
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