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We know that )(xf ′  is the derivative of the function f(x), the derivative of the function )(xf ′  is  

Called the second derivative of f(x) and symbolized by )(xf ′′  or 2

2

2

2 )(
dx
ydor

dx
xfd  . Similarly 

)(xf ′′′  is the derivative of the function )(xf ′′  and symbolized by )(xf ′′′  or 3

3

3

3 )(
dx
ydor

dx
xfd  

and is called the third derivative of f(x). Also the fourth derivative of f(x) is 

4

4

4

4 )()(
dx
yd

dx
xfdxf ==′′′′  and so on … . The derivatives )(xf ′′ ,  )(xf ′′′ ,  )(xf ′′′′ , … are called 

the higher order derivatives of f(x). 

Example (1) Find all higher order derivatives of the function 26124)( 23 ++−= xxxxf . 

Solution  

.624126)2(12)3(4)()( 23 +−=+−==′ xxxxxf
dx
dxf  

.2424)1(24)2(12)()( −=−=′=′′ xxxf
dx
dxf  

.24)1(24)()( ==′′=′′′ xf
dx
dxf  

.0)()( =′′′=′′′′ xf
dx
dxf  

Hence, 0)( =′′′′′ xf  and any higher order derivative more than 4 is vanished. 

 

Example (2) If  5)12( −= xy ,  find  y ′′ . 

Solution: 

4445 )12(10)2.()12(5)12(.)12(5)12( −=−=−−=−=′ xxx
dx
dxx

dx
dy , 

.)12(80)2.()12(40)12(.)12)(10(4)12(10 3334 −=−=−−=−=′′∴ xxx
dx
dxx

dx
dy  

 

Example (3) If 22 8 yyx =+ , find  2

2

dx
yd  when .1,3 −== yx  

Solution: By diff. both sides of the equation w. r. to x, 
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dx
dyy

dx
dyx .282 =+⇒ , 

x
dx
dyy

dx
dyx

dx
dyy

dx
dy

−=−⇒−=−⇒ .42.28 . Then solving the equation for 
dx
dy  we obtain: 
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Example (4) If  xexxf 2)53()( −−= , show that 0)(4)(4)( =+′+′′ xfxfxf . 

Solution 

].613[
]1063[)2.().53(3
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]613[]613[]613[)()(

2

2222

222

xe
xexeeex

x
dx
dee

dx
dxxe

dx
dxf

dx
dxf

x

xxxx

xxx

+−=

+−=−+−=−+−−=

−+−=−=′=′′

−

−−−−

−−−

 

Now,   
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Finding rate of change of higher derivatives: 

Since 
dx
xfdxf )()(

′
=′′ , then )(xf ′′  represents the rate of change of the function )(xf ′  with 

respect to x. Similarly, then )(xf ′′′  represents the rate of change of the function )(xf ′′  with 

respect to x (and so on). 

 

Example (5)  If  250500 qqp −−=   is a demand equation. How fast is the marginal revenue 

changing when q = 5? 

Solution 

Since  pqr =   then   

                                
)50500(

)50500(
32

2

qqq
qqqr

−−=

−−=
 

The marginal revenue is  .3100500 2qqr
dq
dr

−−=′=  

The rate of change of the marginal revenue with respect to q is r
dq
d ′  

.6100

)3100500( 2

q

qq
dq
d

rr
dq
d

−−=

−−=

′′=′⇒

 

When q = 5 then .130)5(6100
5

2

2

5

−=−−==
′

== qq dq
rd

dq
rd  

This means that when q is changed by 1 unit from 5 to 6 the change in marginal revenue will be 

decreased by 130. 

 

Home Work: Solve your book pages 626 and 627, problems number: 2, 14, 30, 34, 37. 


