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CHAPTER 7 
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In comparative-static analysis, we are likely to encounter the situation in which 

several parameters/independent variables appear in a model. Many functions in 

economics, such as Production function, Cost function, Profit function, Utility function, 

Demand function, deal with many independent variables. Therefore, we must learn how 

to find the derivative of a function of more than one variable (Multivariable calculus). 

 

 
“Transition of idea” 

 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

 

 
Examples of multivariable function in economics 

 

The constant elasticity demand function   
!" = $(&", &(, )) = +&",	&(.)/ 

 

The firm’s production function 

Linear: 

! = 0"1" + 0(1( 

Cobb-Douglas: 

! = +1",1(. 
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Leontief: 

! = 345 61"7"	
, 1(7(	

8 

Constant elasticity of substitution: 

! = 9 :;1"
<="
< + (1 − ;)1(

<="
< @

<
<="

 

 
Geometric Representations of Functions of Several Variables 

 
1 = 0                                         &1 + !) + AB = 3 
 
 
 
 
 
 
  

 
 
 

B = 1( + )( 
 
 
 
 
 
 

 
 

1( + )( + B( = 2 
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Cobb-Douglas production function with labor and capital  

 
 
 

 

 

Level Curves for z = f(x, y) 
 From above three-dimensional graphs, we can find the relationship between 1 

and ) at each level of function $. That is, we can find 1 and ) such that $(1, )) = 7. 

Looking at each level of $ and plot the relevant 1 and ), then we will get “the level 

curve” at that level of $. 

 

Draw the level curve of B = $(1, )) = −1( − )(	 
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A level curve of production function is an isoquant curve. 
 

 
 
 
 
 
 
                                    
 
 
 
 
 
 
 

 
Partial Derivative 

Let 

) = $(1", 1(, … , 1I), 
 

where 1", … , 1I are independent variable and all independent of one another, so that 

each can vary by itself without affecting the others.  If the variable 1" changes by ∆1", 

while 1(, … , 1I all remain fixed, there will be a corresponding change in ), ∆). The 

difference quotient is: 

∆)
∆1"

= $(1" + ∆1", 1(, … , 1I) − $(1", 1(, … , 1I)∆1"
 

 

The partial derivative of ) with respect to 1" is: 

 

lim
∆NO→Q

∆)
∆1"

= lim
∆NO→Q

$(1" + ∆1", 1(, … , 1I) − $(1", 1(, … , 1I)
∆1"

≡ S)
S1"

≡ $" 
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The key : 

 
…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 

 

Example: y = f(x", x() = 3x"( + x"x( + 4x((	, what are VWVXO ,	
VW
VXY

 ? 
 
…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Example: y = f(u, v) = (u + 4)(3u + 2v)	, what are VWV\ ,	VWV] ? 
 
…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Example: y = f(u, v) = (3u − 2v)/(u( + 3v)	, what are VWV\ ,	VWV] ? 
 
…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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H.W. 
• Compute all the partial derivatives of the following function 

a) 41() − 31)_ + 61 
b) 1) 
c) 1)( 
d) a(Nb_c 
e) NbcN=c 

f) 31() − 71e) 
 

• Compute the partial derivative of the Cobb-Douglas function     

! = +"1"fO1(fYand of the Constant Elasticity of Substitution (CES) 

production function  ! = 9 :;1"
ghO
g + (1 − ;)1(

ghO
g @

g
ghO

 

 

Economic Interpretation 
 
 ij(k,l)ik    is Marginal product of capital, mnk 
 
ij(k,l)
il    is Marginal product of labor, mnl 

 
Example: Find  mnk  and mnl of Cobb-Douglas production function  o = 4p

q
rs

O
r, at 

the current level of factors at s = 625, p = 10,000 

 

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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Example: Find mvNO,mvNY of the utility function v(1", 1() = 1"wxy1( 
 

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 

 
 

 
Higher-Order Partial Derivative 

 
 

Since iziNO is a function of 1", … , 1I, we can also find partial derivative of iziNO   
 
The second order partial derivative of f is: 
 

S
S1{

|S$S1}
~ = S($

S1{S1}
 

 
S($
S1}S1}

= S
($
S1}(

 

 
iYz

iN�iNÄ
, 4 ≠ �, is called cross partial derivatives or mixed partial derivatives. 

 
Second-order Derivative and Hessians 

 
Example: Find all second derivatives of  Q = 4K

q
rL

O
r  

 
…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Function with 5 independent variables will 5(	 second order partial derivatives, from 
which we can write out the 5 × 5 matrix. Row 4, Column � corresponds to iYz

iNÄiN�
. This 

matrix is called Hessian Matrix. The Hessian matrix is a symmetric matrix (Young’s 
theorem). 
 

� = �($N =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡ S($
S1"(

S($
S1"S1(

⋯ S($
S1"S1I

S($
S1(S1"

S($
S1((

⋯ S($
S1(S1I

⋮ ⋮ ⋱ ⋮
S($

S1IS1"
S($

S1IS1(
⋯ S($

S1I( ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

 
 
H.W. 
1) Let ) = $(1", 1() = 1"aNObNY

Y find $"	, $(, and Hessian Matrix 
2) Let o = $(p, s, �) = �p,s.�/, find marginal products, and Hessian 
matrix 
         
 

 
 

The Total Differential of A Function of Several Variables 
 
Derivatives vs. Differentials 

 

The symbol îcîN for the derivative of the function ) = $(1) has been regarded as a 

single entity.  

 

We shall now reinterpret îcîN  as a ratio of two quantities, �) and �1, the differentials 

of ) and 1, respectively. 

y foe Uzo sen s f

IT
Hessianmatrix

ofchange whenannitchange
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�)
�1 = $′(1) 

�) = $ó(1)�1 

$ó(1) is a “converter” translating a given independent change �1 into a counterpart 

change in dependent change �). 

The process of finding �) from a given function ) = $(1) is called differentiation. 

The process of finding derivative îcîN from a given function ) = $(1) is called 

differentiation with respect to 1. 

 
H.W. Given that ) = 31( + 71 − 5, find �) 

 

Total differentials 
 
The concept of differential can easily be extended to a function of two or more 
independent variable. Consider a saving function: 
 

� = �(�, 4) 
 

� is Saving, � is national Income,  4 is Interest rate. 
 
The partial derivative of � with respect to  �: …………………………………………. 
 

For any change in �, �), the resulting change in � can be approximated by the 

quantity: …………………………………………. 

 

The partial derivative of � with respect to  4: …………………………………………. 

For any change in 4, �4, the resulting change in � can be approximated by the 

quantity: …………………………………………. 

 
The total change in � is then approximated by the total differential of saving 
function: 
 

dy d howmuch u changes

y fck

derivative as i entity

differentials

fetaldiff

t t Total differentialof S or
dts

0
agg

marginalpropensity to save

f7dY change In s when i change
i unit when i

constant

ES DY
DY

f changein S when i changes1 unit
given 4 is constant

E di



C h a p 7 :  M u l t i v a r i a b l e  C a l c u l u s  E E  3 2 0  S E M 1 / 2 0 2 0        P a g e  | 11 
 

 
 
�� = ………………………………………….……………………………………… 
 
 

The partial differential of the saving function: 

…………………………………………. 

Rule of Differentials 
 
For a constant +, and function v(�", �() and �(�", �() 
 
Rule 1: �+ = 0 
Rule 2: �(7vI) = 75vI="�v 
Rule 3 : �(v ± �) = �v ± �� 
Rule 4 : �(v�) = v�� + ��v 
Rule 5:  � ûü†° =

†îü=üî†
†Y   

H.W. Find �y for 
1) ) = 5x"( + 3x( 
2) ) = 31"( + 1"1(( 
3) ) = NObNY

2112
 

4) ) = 31"(21( − 1)(1_ + 5) 
5) ) = −5 + 301" − 31"( + 251( − 51(( + 1"1(, given that 1" = 5, 1( =
2,�1" = 0.02, �1( = 0 
 
 
 
 

 

Total Derivatives 
 
Question: Consider equilibrium consumption function which is a function of 

equilibrium national income and exogenous tax,  9(�∗, �Q).  What is the rate of change 

of the function 9(�∗, �Q) with respect to �Q, when �∗ and �Q are related? 

 

pytotal
changein S or totaldifferentialis s

f DY t g
di

SydY Sidi

y fck plz 5042 t3

dy i fideaI dn
dy
dy d 5k 322

EdCnf t 3dm
57W t 3 du

I

ccyj iojtiinm.henangeg.gn.seO why
Channel diagram direct

ffect
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To answer this question, we need to learn about total derivative. 

 

Unlike a partial derivative, a total derivative does not require the argument �∗ to remain 

constant as �Q varies. A total derivative allows for the postulated relationship between 

the two arguments. 

 
Finding the Total Derivative 

 
Consider ¤ = ¥(¦,§), where ¦ = ¨(§) 
 
Question: What is the total derivative of y with respect to w? How to do the total 
differentiation of y with respect to w? 
 
Note that: the two functions f and g can be combined into a composite function y =
f(g(w),w) 
 
The three variables y, x, w are related to one another. In the following channel map, 
«, the ultimate source of change, can affect y through two separate channels: 
 
(1) Directly, via the function f  

(2) Indirectly, via the function y, then $  

 
“Channel Map” 

 
 

The direct effect can be represented by the partial derivative 

………………………………………. 

The indirect effect can be represented by a product of two derivatives: 

………………………………………. 

, by the chain rule for a composite function 

y 

x 

w 
f 

g 
f 

Ydincteffect effect

1
indirecteffect

00000

du Ek
Tw 0W

y fck w n gcw

EE O
ghtianigateesouract

Ey die
on IW

Aderivative

Ifw i e for howmuchy changes whenhe changeholding constant

Ffa da ii e faday

how much y change when it changes
which is a result of change in W

2g
partial

derivative

earlier yaFCK plz pen

I I
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Adding up the two effects give us the total derivative of ) with respect to «: 

 
………………………………………….……………………………………… 
 
………………………………………….……………………………………… 
 
Alternatively, we can also find the total derivative by: 

(a.) Total differentiating the function ¤ = ¥(¦,§) 

 

………………………………………….……………………………………… 

 

(b.) Dividing through the total differential by �« 

 

………………………………………….……………………………………… 

 
 
Example 1:  Find Total derivative ¨W¨­, when 
y = f(x, w) = 3x − w(, x = g(w) = 2w( + w + 4 
 
 ………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
 
 
 
 

now ye Fck W K gcw
total

derivative

1
Fuddfwdw
indirect directeffecteffect

II
day fudse fwdw

dy faded fwdw
Tw Tw Tw
day fu dauw fw

O 0000
dgyw fw t fadakw

2W t 3 4W t l

low 13

Y 32 w

3C2hr2 t w 4 WI
e

I
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Example 2:  v = ®(7, �), 05�	� = y(7), 7 is quantity of coffee, � is quantity of 

sugar, which depends on quantity of coffee consumed. How much will total utility 

change as quantity of coffee consumed changes? 
 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
………………………………………….……………………………………… 
 
Three channels: 

) = $(1", 1(, «), 1" = y(«), 1( = ℎ(«) What is îcî° ? 
 
………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

 
 
Example 3: o = o(p, s, ±), p = p(±), s = s(±) 
 
………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

y 

 

w 

f g 

f 

 

f h 

00000

du Uc 1 Us Is
ac dc TSAdefect effectTTdirect effect

the ultimate source of change is w

wr dah
dayw fw t fr daff teddydirect

effect indirecteffect

0 000 O 0 Question Idf
c

i c

Q L Q t

T.iekddyQQt Qkdak QLdzf
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Example 4: o² = y(n, ³), ³ = $(n), o² is quantity demanded, ³ is 
income, and n is price. 
 
………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

 
H.W.  Find total derivative of  
(1.) B = $(1, ), ±), 1 = 0 + ´±, ) = 7 + �± 
(2.) B = $(1, )) = 21 + 1) − )(, 1 = y()) = 3)( 
 
Chain rule: 
 

Example 5: Let ) = ln(1" + 1() , 1" = ±, and 1( = ±(. Find îcî¶ by direct 
substitution, draw channel diagram, and also find îcî¶ by chain rule. 

 
………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

………………………………………….……………………………………… 

 
H.W.  Find î·î¶ at ± = 0, B =

¸¶Yb_Nc
(°Y	c , 1 = ±( + 1, ) = √±( + 1, « = a¶ + 1 

D
Q c p

1
Ipa If qq.IE
Total effect substitution income

effect effect

meet

O 00
Kine

day

Bydirect substitution y Inc t t t

dy 1 I 12T
dt te t2

Bychain rule
day II da't t II IF

1 l t 1 at
U 1Uz U 1k 2

fetch 12T
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Implicit Functions 

 
A function given in the form of ) = $(1) is called an explicit function, because the 

variable ) is explicitly expressed as a function of 1. For example, ) = $(1) = 31º. 

 

Consider a given »(), 1) = 0. For »(), 1) = 0, the left hand side is a function of the 

two variables ) and 1.  

 

For example, )_ − 1() − "
c + 51) = 0.  

 

»(), 1) = 0  can imply the function ) = $(1), in which case the function $ is called 

an implicit function. 

  
Derivatives of Implicit function 

If the equation »(), 1) = 0 can be solved for ), we can write out the function ) = $(1) 
and find its derivatives by the methods learned before.  

 

But if the equation »(), 1) = 0 cannot be solved for ), the derivatives of implicit 

function can be found by applying the concept of total differentiation. 

 

»(), 1) = 0 

�»(), 1) = �0 

�»(), 1) = 0 

»c�) + »N�1 = 0 

 

Thus, the implicit-function rule: 

 îcîN = −
jº
j½

 

For »(), 1", … , 1æ) = 0, the partial derivative $} of the implicit function ) =
$(1", … , 1æ) is: 

$} ≡
S)
S1}

= −»NÄ»c
 

 

he III IIIIII molicittandia

would liketohave adf

m
yinterns etc

take tal differential on LHS RHS

0
THE
off

thrifty

Iy

b
k

UCk U
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Example: Consider Utility function v = v(1", 1(),  find the marginal rate of 

substitution. And, if  v = v(1", 1() = 1",1(., Is the indifferent curve convex?  
…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

 

Homework:		Find  îcîN  for when: 

1.)  )_ − 1() − "
c + 51) = 0 

2.) 1_ + 21() − 31)( − )_ = 0 

3.) 1()( + aN − ac = 0 

4.) 3 ln(1 + )) = )( − 41( 

 

 

Ucuplz f
0 E i

Marginalrate ofsubstitution dse
Rsnuz dress for Nz theamountofNz

Else 100 which a consumercan
exchange for oneunit of a

slope of IC Cane
IC is convex when d MRS 7 ORNzdu

dZaz o
dup

we find Mrsa.azfrom Utility fa Ucr k bythe concept
that Indifferent curve is CU plz that givesequalt.EEnafifey
utility zc curve uca az T 7 day Idf

2 F Kp Hz use jeez J O

µ
DF Friday Failure 0

Howmuch5changesas Koichantsdµµowmuch fchangesasK2
EI thou 2

9923 70 Fezdaz Fadx changes due

v mane nom
dah EI IIe mno

ME EE meths
A

Tde Ty prizes se

tight msn.a.fm

EFFETE damn 1829mm91 Ef Eichangeiffchangeinni y Fz 9N

f t EEFIL ajami

FEI pfeil FE
dap Fl't F IT
2C Curve is convex
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Applications in Economics 

 
 Utility function  

 

Consider Utility function v = v(1", 1().  Find marginal utility of each good. 

What are the conditions for law of diminishing marginal utility to hold?  

 

……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 

 

Let v(1", 1() = (1" + 2)((1( + 3)(. Compare marginal utility of good 1 and 

good 2 when 1" = 1( = 3 units 

……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 

Muse U Klotz Use
c Us

Munz QUCU Kz Use
cKz U

FLaw of diminishing MU

II ki Van s o

U

Iffier Urzua O

1
n

T
F

More age Zoe 12 Nz 1372

I 2 d
Muzz QU 21k 12 Hz137

OUZ

MUMIn uz 3 213 2 3 13 3fo

Kalyan 213 2221313 zoo
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  Production function 
 

Consider o = $(p, s) = �p,s., 0 < À, Á < 1 
 
Find marginal product of each factor of production. What are the conditions for law of 

diminishing marginal product to hold?  

………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
 

Consider o = $(p, s). Whether a production is constant,  increasing  and 

decreasing return to scale can be considered as follows. 

 

………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 

IT

Mph OQ
EL BAKIB I

MPK QQ LAKA LB
OK

fIpc EQ 1343DAKIP so if pas
LT MPLI

9YIK Off LCL DA k
2LB Lo if 2 2

KM Mpk I

k
If
E a

constant rts increase K L t times Q increases t times
DQ D2nput

increasing As a a a 11 t times
i sa iDInput

decreasing rts u u a 11 Lttimes
i DQ L ED2nput

When increase K L t tines we get fctk.TL
when Q increases t times tfck

input
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rts fctk EL tfck L
i rts fetk EL 7 t fck
Arts fetk EL L tfck

If we let Q FCK AKTB and let Kol
increase t times
we will get fctk.tl Actkfcth.JP

ftp.AKLLP
fetk EL tdtP FCK L

Crts ftp.fckjs t fck 2113 1

irts Ltp I
d rts S 2 113 1

If we can write any function in the form of

y Fc tx txz thefat Xz

we can call that f't as homogenous ftofdegreek

Cobb douglass production function has degree Ltp
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 Elasticity 
 

   Elasticity of output with respect to factor of production 
 
o = $(p, s) = �p,s., 0 < À, Á < 1 
 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
 
 

   Elasticity of output with respect to factor of production 
 

Consider o¬² = $(n¬, nÃ, )) = 100 − 10n¬ + 15nÃ + 0.3), Find own price/cross 

price/income elasticity of quantity demanded. Let n¬ = 8, nÃ = 5, ³ = 500, o¬ = 60 

 
Own price elasticity: 
 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
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demand

IIT
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8
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Cross price elasticity: 
 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
 
Income elasticity: 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
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2.) Multipliers in Keynesian crossing model 
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