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What is an Integral? 
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Geometrically: It is the Area Under the Curve

Computationally: It is the "Antiderivative." It is the reverse process of 

differentiation



What integration is it used for?
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Indefinite Integrals
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If a function F(x) has a derivative equal to f (x), that is

( ) ( )F x f x =

then the indefinite integral of f (x) is written as

( ) ( )f x dx F x C= +
Where ∫ = integral symbol

f (x) = integrand (the function being integrated)

dx = variable of integration

F(x) = antiderivative of 𝑓(𝑥)

C = constant of integration



Indefinite Integrals

9641103  Fundamental Mathematics for Industry Education By KHACHONSAK SIMEK 

Why do we add the constant C

The derivative of any constant is zero.

 Example: 2 2
d

x x
dx

=

( )2 5 2
d

x x
dx

+ =

( )2 99 2
d

x x
dx

− =

These functions all have the same 

derivative 2x.

 Therefore

22  x dx x C= +

where C represents any real constant.



Indefinite Integrals
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Why do we add the constant C



Indefinite Integrals
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Let f and g be functions that have antiderivatives, and let k be a constant. 

 Then

( ) ( )f x dx f x C = +

 ( ) ( ) ( ) ( )f x g x dx f x dx g x dx− = −  

( )  ( )kf x dx k f x dx= 

 ( ) ( ) ( ) ( )f x g x dx f x dx g x dx+ = +  



9641103  Fundamental Mathematics for Industry Education By KHACHONSAK SIMEK 

Integrals Formulas
1. 1dx x C= +

1

2. 
1

n
n x

x C
n

+

= +
+

1
3. ln | |dx x C

x
= +

4. x xe e C= +

5. 
ln

x
x a

a dx C
a

= +

6. sin cosxdx x C= − +

7. cos sinxdx x C= +

8. sec tan secx xdx x C= +

29. sec tanxdx x C= +

10. csc cot cscx xdx x C= − +

211. csc cotxdx x C= − +

1 1

2

1
12. tan cot

1
dx x C x C

x

− −= + = − +
+

1 1

2

1
13. sin cos

1
dx x C x C

x

− −= + = − +
−



1 1

2

1
14. sec csc

| | 1
dx x C x C

x x

− −= + = +
−


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2( ) 3 1     Find ( ) f x x x f x = + −Example 
Sol

2 2

2 1 1 1

2
3

3 1 3 1

3
2 1 1 1

2

x x dx x dx xdx dx

x x
x C

x
x x C

+ +

+ − = + −

= + − +
+ +

= + − +

   
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2

2

2
  

1

x
dx

x

+

+Example 
Sol

2 2

2 2

2

2 2

2

2

1

2 1 1
    

1 1

1 1

1 1

1
1

1

1
1

1

tan ( )

arctan( )

x x
dx dx

x x

x
dx

x x

dx
x

dx dx
x

x x C

x x C

−

+ + +
=

+ +

+
= +

+ +

= +
+

= +
+

= + +

= + +

 





 

1

2

1
tan

1
dx x C

x

−= +
+



9641103  Fundamental Mathematics for Industry Education By KHACHONSAK SIMEK 

2

2

( 1)
  

x
dx

x

−
Example 

Sol
2 2

2 2

2

2 2 2

2

2

1

( 1) 2 1
 =   

2 1

2
1

2
1

1
2ln | | 2ln | |

1

x x x
dx dx

x x

x x
dx

x x x

x dx
x

dx dx x dx
x

x
x x C x x C

x

−

−

−

− − +

= − +

= − +

= − +

= − + + = − − +
−

 





  

1
ln | |dx x C

x
= +



Integration by substitution
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If g(x) is a differentiable function and f is a continuous function on a given 

interval, then according to the substitution theorem, the following relationship 

holds.

( ( )) ( ) ( )f g x g x f u du = Then

Where ( )u g x=

and from the differential relationship we obtain

( )du g x dx=
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10( ) (2 1)      Find ( ) f x x f x = +Example 
Sol 10 10

10

11

11

1
(2 1)

2

1

2

1

2 11

21

x dx u du

u du

u
C

u
C

+ = 

=

= +

= +

 


Given 2 1u x= +

Find the derivative of u with respect to x.

(2 1)

2

1

2

du d
x

dx dx

du

dx

dx du

= +

=

=There for

Step 2: Substitute into the integral

Step 3: Substitute back
11

10 (2 1)
(2 1)

21

x
x dx C

+
+ = +
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2 3( ) 5 ( 99)      Find ( ) f x x x f x = +Example 
Sol 2 3 3

3

4

4

1
5 ( 99) 5

2

5

2

5

2 4

5

8

x x dx xu du
x

u du

u
C

u C

+ = 

=

= +

= +

 


Given 2 99u x= +

Find the derivative of u with respect to x.

2( 99)

2

1

2

du d
x

dx dx

du
x

dx

dx du
x

= +

=

=There for

Step 2: Substitute into the integral

Step 3: Substitute back

2 3 2 45
5 ( 99) ( 99)

8
x x dx x C+ = + +
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( ) cos(3 )     Find ( ) f x x f x =Example 
Sol 1

cos(3 ) cos( )
3

1
cos( )

3

1
sin( )

3

x dx u du

u du

u C

= 

=

= +

 



Given 3u x=

Find the derivative of u with respect to x.

3

3

1

3

du d
x

dx dx

du

dx

dx du

=

=

=There for

Step 2: Substitute into the integral

Step 3: Substitute back

1
cos(3 ) sin(3 )

3
x dx x C= +



Indefinite Integrals
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A definite integral represents the accumulated quantity of a function over a 

specific interval and geometrically corresponds to the net area under a curve 

between two points on the x-axis.

( )
b

a
f x dx

Where ∫ = integral symbol

f (x) = integrand (the function being integrated)

a = lower limit of integration

b = upper limit of integration

C = constant of integration



Indefinite Integrals
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Fundamental Theorem of Calculus

( ) ( ) ( )
b

a
f x dx F b f a= −

Procedure

 Find the antiderivative of f (x).

 Substitute the upper limit b and lower limit a.

 Compute F(b) − F(a).



Indefinite Integrals
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1
2

0
3 1      x x dx+ −Example 

Sol
2 2

2 1 1 1

1
3 2

0

3 2 3 2

3 1 3 1

2 1 1 1

3 2

1 1 0 0
1 0

3 2 3 2

1 1
1 1.8333

3 2

x x dx x dx xdx dx

x x
x

x x
x

+ +

+ − = + +

= + +
+ +

 
= + + 
 

   
= + + − + +   
   

= + + =

   From

3 2 3 21 1 0 0
1 0

3 2 3 2
C C

   
+ + + − + + +   

   
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Example 
Sol

2 2

2

3
3

1
(2 3)  

2

1

2

1 1

2 3 6

x dx u du

u du

u
u

+ = 

=

= =

 

Given 2 3u x= +

Find the derivative of u with respect to x.

2 3

2

1

2

du d
x

dx dx

du

dx

dx du

= +

=

=There for

Step 2: Substitute into the integral

Step 3: Substitute back

( ) ( )

2

2 3

1

3 3

3 3

1
(2 3)  (2 3)

6

1 1
(2(2) 3) (2(1) 3)

6 6

1 1 1 109
7 5 (343 125)

6 6 6 3

x dx x+ = +

   
= + − +   
   

= − = − =



2
2

1
(2 3)  x dx+
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