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Derivative of a Function Part 1



What is a Derivative?
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The rate of change at a given point



What is a Derivative?

9641103  Fundamental Mathematics for Industry Education By KHACHONSAK SIMEK 

The average rate of change of 𝑓with 

respect to x, 

when x changes from a to a + h , is

( ) ( ) ( ) ( )

( )

f a h f a f a h f a

a h a h

+ − + −
=

+ −

The rate of change of f with respect to x
at x = a is

0

( ) ( )
lim
h

f a h f a

h→

+ −



From the rate of change of f with respect to x at x = a,

If this limit exists, we call it the derivative of the function f at a, defined as

If f is a function, the derivative of f with respect to x, denoted by f ′(x), is

9641103  Fundamental Mathematics for Industry Education By KHACHONSAK SIMEK 

Definition of the Derivative

0

( ) ( )
lim
h

f a h f a

h→

+ −

0

( ) ( )
( ) lim

h

f x h f x
f x

h→

+ −
 =

( )
dy

f x y
dx

 = =
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Find  f ′(x)
2( ) 3 2  f x x x= −Example 

Sol
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Find  f ′(x)
2( ) 1f x x x= + +Example 
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3 Fin d 
dy

dx
y x=Example 
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2 3 8s t t= − +

Example     Given that the function representing the distance traveled by an object is 

   ,find the velocity of the object at any time t.



Constant Rule
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0
dc

dx
=

Basic Derivative Rules

Power Rule
1( )n nd

x nx
dx

−=

Constant Multiple Rule

( )
d du

cu c
dx dx

=

Sum/Difference Rule

( )
d du dv

u v
dx dx dx

 = 

Product Rule

( )
d du dv

u v v u
dx dx dx

 = +

Quotient Rule

2

du dv
v u

d u dx dx

dx v v

−
 

= 
 

Let u = f(x), v = g(x), c be any constant, and n be a real number. If u and v are 

differentiable at x, then the following rules can be applied.

Chain Rule

1( )n nd du
u nu

dx dx

−=
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( ) 2( 1) ( )Find f x x f x= +Example 
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2

1 1
( )    ( )Find f x x f x

x x
= + −Example 
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2 1
( )    ( )i

2
n

3
F d 

x
f x f x

x

−
=

+
Example 
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2

1 1
( ) 1 1    ( )Find f x f x

x x

  
= + +  

  
Example 



9641103  Fundamental Mathematics for Industry Education By KHACHONSAK SIMEK 

5( ) (2 1)   ( )Find f x x f x= +Example 



Let y = f(u) be a function that is differentiable with respect to u, and let u = g(x) 

be a function that is differentiable with respect to x. Then

If there are multiple composite functions, for example, y = f (u), u = g(v), 

v = h(x), then
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Chain Rule

dy dy du

dx du dx
= 

dy dy du dv

dx du dv dx
=  
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5 Find( ) (2 1)    
dy

f x x
dx

= +Example 

Sol

Given u = 2x + 1 

From Chain Rule

dy dy du

dx du dx
= 

Find 

5

45

dy d
u

du du

u

=

=

Find 

2 1

2

du d
x

dx dx
= +

=

4

4

4

5 2

5(2 1) 2

10(2 1)

dy
u

dx

x

x

= 

= + 

= +

Therefor 
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Example 

Sol

2 d4 in   F
dy

y x
dx

= +
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2 d4 in   F
dy

y x
dx

= +Example 

Sol

Given u = x2 + 4 

From Chain Rule

dy dy du

dx du dx
= 

Find 
1

2

1

2
1

2

dy d
u

du du

u
−

=

=

Find 

2 4

2

du d
x

dx dx

x

= +

=

1

2

1

2 2

1

2 2
1

2 2

1
2

2

1
( 4) 2

2

( 4)

( 4)

dy
u x

dx

x x

x
x x

x

−

−

= 

= + 

= + =

+

Therefor 
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3 21  and  3 5 Find   
dy

y u u x x x
dx

= + = + + −Example 

Sol

1

1

dy d
u

du du
= +

=

2

2

(1) (3 6 1)

3 6 1

dy
x x

dx

x x

=  + +

= + +



9641103  Fundamental Mathematics for Industry Education By KHACHONSAK SIMEK 

2 42
  and  (5  Fi  1)  

1 4
nd

u dy
y u x

u dx
= = +

−
Example 
Sol

From Chain Rule

dy dy du

dx du dx
= 

Find 

   
2

2 2

2

1 4

(1 4 ) (2) (2 ) ( 4)

(1 4 )

(2 8 ) ( 8 ) 2

(1 4 ) (1 4 )

dy d u

du du u

u u

u

u u

u u

 
=  

− 

−  −  −
=

−

− − −
= =

− −

Find 

2 3

2

2 3

2 2

2 3

2 2

2
40 (5 1)

(1 4 )

2
40 (5 1)

(1 4(5 1))

80 (5 1)

(1 4(5 1))

dy
x x

dx u

x x
x

x x

x

=  +
−

=  +
− +

+
=

− +

Therefor 

2 4

2 3

2 3

(5 1) 2 1

4(5 1) 10

40 (5 1)

du d
x u x

dx dx

x x

x x

= +  = +

= + 

= +
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Derivative Formulas
1

1. ln | |
d

x
dx x

=

2. x xd
e e

dx
=

3. lnx xd
a a a

dx
=

1
4. log | |

ln
a

d
x

dx x a
=

5. sin cos
d

x x
dx

=

6. cos sin
d

x x
dx

= −

27. tan sec
d

x x
dx

=

28. cot cosec
d

x x
dx

= −

9. sec sec tan
d

x x x
dx

= 

10. cosec cosec cot
d

x x
dx

= − 

1

2

1
11. sin

1

d
x

dx x

− =
−

1

2

1
12. cos

1

d
x

dx x

− = −
−

1

2

1
13. tan

1

d
x

dx x

− =
+

1

2

1
14. cot

1

d
x

dx x

− = −
+

1

2

1
15. sec

| | 1

d
x

dx x x

− =
−

1

2

1
16. cosec

| | 1

d
x

dx x x

− = −
−
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