
d cd”2
dx,

1P -
- 2

f 42 ( %I  _

f?
dxl

.$  ( 92,
1 1

dxl

1
34,  dxl  agl dX2 a4  dxl die

$ ( L$*(  _.-  +- ” - ) - q-’ .,- +
3, -2  11

I -
+2

axI dxl ax2 dxl axI d x l ax 2 dX1

21
dx

j
&I  oyKu~-rwy’&  x1  (Total Derivative)

3 = $jl  : iTp@-rsil
a x  .

J

dx
: ttnuhi -2 =_ ?

dxl ;2
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62 ’ 0 = (+I

411  <
0 * (-)

2)  {
##z2  < 0 = (-1

3)  f
912  z-  0 - (+)

-
t21  ' P = (+I 0
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d ( ;z  ) =
_ j3 { L?J

* ,2  11 - 7Y+24,2  + 02:}

dxl

= _.  _l { (+) (-) - 2(+)  (+)‘(+)  + (+) (-) )
(+I

= - I (-) -2 (+) + (-) )

= - 1 C-1  1

= (+)

an, 3
d (dx$  ’ ’

dX1

tThm2n  (+)
//

I

n)
dx
d;i; < 0

238 EC 215



d) ~oniiunl~uouuuuaun75nl¶u~m  (Homogeneity of Production Functions)

II Alpha C. Chiang, FUNJXMENTAL METHODS OF MATHEMATICAL ECONOMICS

( 2 nd ed., New York : ??c Graw - Hill, 1974).  p.403.
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uuuuun7~ Y = f (Xl, x2, X3’  .“.,  Xn)

Tnud Y : 9;7utJwm~  (dependent variable)

xi : K-MLII~?~z  (independent variable) 2i7d “i”

”
ttuuuundlsdl  ronlsoniwaWud  b n’n’s  do

f (tx,,  tx2,  tx3,  .*., tx,) = tk f  (x,,  x 2 ,  x3, ‘.“,  XJ

4(7&u  :

~uHI~~XUR~ILI~~IU~~~~I~  (Degree of Homogeneity) ua~wuwniwk

IJ

n) Y

t

u) Y

*I Y

U) Y

f (x,, x2)

2 2
x1  + x2

f (x,,  X2’ X3’ X4’ x,)

x;  + x:  + x x4 5
x2

f (x,, x2)

2
x1  + x2

f (x,,  x2)

x:+x;+  12
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43ni :

n)

-Jlfl Y =

=

fbl’ x2)

2 2
xl  + x2

~5 "t" du ~7% ~auqiuauq3uuanTJNL~liiUdFau~J-i~as-uln~a

f (ty,  tx2)  = (tx,12  + (tx,)  2

= t2x2  + t2x2
1 2

= t2 (xf  + xi)

= t2 f (x1,  x2)  : f (X1’ x2)  = x;  + x;

!iu?la
2 2

Y =
x1  + x2

~~a~In?lMdu”LO”lSunlwai~u~  Lu

(Homogeneous of Degree 2)

VI

?In Y = f (x,,  x2,  x3,  *” xs)

4
= 2

+ x: + x; + x5

2

f  (tx1, tx2,  txg,  tx4,  tx5)  =
(y4

( tx2)
+  (tx3)‘l  +  (tx,j2 ( tx5)

4 4
=tx
1 + tjx;  + A+,
tx 2
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t3 x; f t3x; 3 2
= x

+ t x4 x5
2

= t3 f $3  X2’  X3’  X4’  x5)

chun’o Y =
4

7 + x; + x4’  x5 i~hwn~sdii tanlTurrw  f76uii 5
-
x2

(Homogeneous of Degee  3)

wn Y = f \X1’.  x2)

2=
9 + x2

242
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3)

o?n Y = f (x,,  x2>

2=
7 + x; + 12

f (Wi' tx2) = (txl)Z + (tx2P + 12

* 2 2= t2x;+  t x2+ 12

8::  ldU-;l  1&1u11ock  tdrru  f (tx1, tx2) ‘LwafJu~IJWu t k f $9 2x. )

I - .nudimm1qns .

truuaun77nlsw0n @ = 0 (x,, X2' X3' * .- 2 XJ

TRlJd + : qiu-mwawS (output)

5 siu7uililTunl3&% (input) .dfl&  i (i = 1,2,3  . ...,  n)
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ttuui=wfnmiwSim 9 = 9 (x1,  x*)
c
= 5x2x31 2

4 ctxl, tx2) = 5(tx1)2 (+x2) 3

= 5(t2xf)  tiq

5 2 3= t 5x1 x2

5 2 3= t (5x1 x2)

= t5 4 (x,, x;'
2 3lp (x1,x2)  = 5x1 x2
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u) +I k - 1
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,~u~lJlu~lu;ua~ xl (partial derivative respect to x,>

a f (tx1tx2)

a x1

a tk. fey+
I

a'xl

af(txl,tq dtxl tk .
n’lo

af (x1,x,)
0 - I : Chain Rules

atxl dX1 3X 1

n% f1(tx1, txp) . t - k
5 fl(XI.X2) : ar$$rmi

fl (txp2) P tk- 1
fl(X1, x2)

e tk-l fl !x1,x2)

246

4 = 0 (Xl,  x*1
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$l(txl, tx2)  = tkml $1(x1,  x2) :  ronfiunqwaihdk  - 1

uaz Op(txl,  tx2)  =  tkB1 $2(~1,  x2) :  ron~unwaifiud  k - 1

I

odu  n7kuuflmvni3wA93  t~uuuaun7-id~(u’rn~uniw  t+Ju  ti 3' (Linearly

Homogeneous 7 Homogeneous of Degree one) nlTa~lJn'~r,8uldI&

f$l(txl,  tx*)  = t*  01 (x1,  x,) : t”  = 1

02(tx1s  -*I = t’ $I2  (x,,  x2) : t” = 1
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91) tonCiuuuuaunm~m 7 a?ulsnd-J=r%ou’ln;u”tuz~eu  Euler’s Theorem

1; (Euler's Theorem &u;7 Oiler's Theorem)
11

Y = f (x,,  x2)

n; fitx1, 'X2) = tk f (x,,  x*) rm-dhn~rca%ud  k

Xlf1 + X2f* = k f (xl, x2) : fi = WXl, x2)

"xi

f& :

Y = f (x,,  x2)

1/ G.C. Archibald and Richard G. Lipsey, AN INTRODUCTION,TO  A

MATHJZMATICAL  TREATMENT OF ECONOMICS (2 nd ed., London :

Weidenfeld and Nieolson,  1973), p.227.
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f (txl,  tx*) = tk  f (Xl’  x2> :  ,a”~“W,d’,%‘Jd k

af (tx1.  y) atkf  (x,, x,;
P

at a t

af (ml, tq atxl af (txl,  tx,) atx*
. - + .- = ktk-’

atxl at atx2 at
f(x,,x*)

ff1 (txp*)  1’ x1 +  I f ,  (tx1,tx2)  1 K* =  ktk-’  f(xl,x$  :  XrgnSnw;

n3o

LL9l

x1  fl  (tx1,tx2)  + X2f*  (tx1,tx2) = ktk-’  f(x1,x2)

f i (tx1,  tx*) v tk-l f i(xl,‘x2)  : v1111Fpa>,Gi&l  n)

KUlh x tk-l
1

ytxl,tq  +  x2tk-‘f2(txltx2)  =  ktk-’  f ’ (x1  sx,)

I

LLB’)

n%

Xlfl(X1’X2)  + X2f2(X1,X2)

x1f1 + x2f2

= k f (x1,x2)  : tk-  1 n15mann

= k f (x1,x2) : Gfcyqtkwci
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Ib  = 9 (x 1’x2)

du 4 (txl’tx-2)  = tk 0(x1,x2) : Laniiun-)waiOiud  k ~taztt&~rlh

x1 9, + 5 $2  = k 0 (x1,x2) Euler’s Theorem

n4o x1 (ml) + x2 (Mp2) = k $ (x1,x2)

xe +x1 1 2$2 = 0 (x,,x,) k = 1
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du $(txptx2)

Euler's Theorem "lm r&J

a+
x1 ‘ax,

a4
+x2 ax, = k 0 $,x2)
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k?!+ 2?
a x , ’  x1 +  ax2’ x2 = W (x1,x2)

11 G . C .  A r c h i b a l d  a n d  R i c h a r d  G, L i p s e y ,  o p .  tit,, p.216.
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Tnod :

4 nmuFiv +lu7uuauSR  ( o u t p u t )

xi
MUIU~~  qiu7uCl3Gml-iwSi  (input) vihd  i (i = 1,2,3,..a,d

A nlJ1ufh  ’RWI)V~?O  7 dr&miu7u+hu7n  ( p o s i t i v e  r e a l  number  :  A  p 0)

a,E,y,.,,?  nu1ullu tav~~tta7uu7n  ( p o s i t i v e  f r a c t i o n  :  0 ( a,B,y,....y g 1)
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Ld&JeJrllSW3R  x 1 tta: x2 lti&JuLLlJaul¶J

9(tx1, tx2) = A(tx;

( Lk&J  )

) ctx; )

t tvii

I Atq x; . t',x;

= p+B. qx;

= ta+8 'Ax? x!j )

a+8
= t.+(x YX2)
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I
llE4-7

$ (txl,  tx2) i Aby)’ (tx2) l-a

E Atax;  t l - a  l - ax2

A ta+l-da  l - aI
x1  72

e - l-o

a l-aP
A t x1  ,x2

s l-a= t w1 x2 1

= t4(x1,x2) a l-a$(x x)-Ax1’ 2 1 x2

LLlRV  :7l) w%1waa7u  rw&nmdh%unlswPc  x
1 uar  x 2 (Marginal P roductivity  o f

xl and x
2 : MPland  Mp2 ) ?zLkmu Lh ~tln~~n7wai~uu9(gu;(Homogeneity

of Degree zero)

a - l 1-n= ClAX
1 x2

.
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