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5.2 THE INDEFINITE INTEGRAL:  

 Antiderivatives: 

5.2.1 Definition: 
 

A function F is called an antiderivative of a function f on a given open 

interval if F'(x) = f (x) for all x in the interval. 
 

➢ For example:  the function  
1 3F x = x3  is an antiderivative 

of    2f x = x . 

 

 

However, 
1 3F(x) = x3   is not the only antiderivative of f on this 

interval. If we add any constant C to
1 3x3 , then the function 

 
1 3G x x C3  is also an antiderivative of f. 

 
 

In general, once any single antiderivative is known, other 

antiderivatives can be obtained by adding constants to the known 

antiderivative. Thus, 

1

3
𝑥3   ,    

1

3
𝑥3 + 2      ,    

1

3
𝑥3 − 5       ,       

1

3
𝑥3 − √2 

are all antiderivatives of    2f x x . 

 

 

 

 



 

  

5.2.2 Theorem: 

If F (x) is any antiderivative of f (x) on an interval, then for any constant 

C the function F(x) + C is also an antiderivative on that interval. 

Moreover, each antiderivative of f (x) on the interval can be expressed in 

the form F(x) + C by choosing the constant C appropriately. 

--------------------------------------------------------------------------------------- 

 The Indefinite Integral : 

The process of finding antiderivatives is called 

antidifferentiation or integration. Thus, if 

                      

𝒅

𝒅𝒙
[𝑭(𝒙)] = 𝒇 (𝒙)              (1) 

then integrating (or antidifferentiating) the function f (x) produces an 

antiderivative of the form F(x) + C. To emphasize this process, 

Equation (1) is recast using integral notation, 
 

                           

                                      (2) 
 

 

Where C is understood to represent an arbitrary constant. It is 

important to note that (1) and (2) are just different notation to express 

the same fact.  

 Note that if we differentiate an antiderivative of f (x), we obtain f (x) 

back again. Thus, 

 
                  

                         (3) 

 

 

 

The integral of f (x) with respect to x is equal to F (x) plus a constant C. 



 

  

The differential symbol, dx, in the differentiation and 

antidifferentiation operations. 

𝑑

𝑑𝑥
[ ]  𝑎𝑛𝑑 ∫[ ] 𝑑𝑥 

 

serves to identify the independent variable. 
 

▪ Here are some examples of derivative formulas and their 

equivalent integration formulas: 

 

Derivative Formula Equivalent Integration 

Formula 

 

 

 

 

 

 

 

 

▪ For simplicity, the dx is sometimes absorbed into the integrand.  

 For example, 

∫ 𝟏  𝒅𝒙   can be written as   ∫ 𝒅𝒙 
 

∫
𝟏

𝒙𝟐  𝒅𝒙   can be written as   ∫
𝒅𝒙

𝒙𝟐  
 

 

 

 



 

  

❖ Integration Formulas: 

Some of the most important basic integration formulas are given in 

Table 5.2.1. 
 

Table 5.2.1 

Derivative Formula Equivalent Integration Formula 

1. 
𝑑

𝑑𝑥
[𝑥] = 1 

 

2. 𝑑

𝑑𝑥
[

𝑥𝑟+1

𝑟+1
] = 𝑥𝑟    (𝑟 ≠ −1) 

 

3. 𝑑

𝑑𝑥
[𝑠𝑖𝑛 𝑥] = 𝑐𝑜𝑠 𝑥 

 

4. 𝑑

𝑑𝑥
[ −𝑐𝑜𝑠𝑥] =  𝑠𝑖𝑛 𝑥 

 

5. 𝑑

𝑑𝑥
[𝑡𝑎𝑛𝑥] = 𝑠𝑒𝑐2𝑥 

 

6. 𝑑

𝑑𝑥
[ −𝑐𝑜𝑡𝑥] =  𝑐𝑠𝑐2  𝑥 

 

7. 𝑑

𝑑𝑥
[ 𝑠𝑒𝑐𝑥] =  𝑠𝑒𝑐 𝑥 𝑡𝑎𝑛  𝑥 

 

8. 𝑑

𝑑𝑥
[ −𝑐𝑠𝑐𝑥] =  𝑐𝑠𝑐 𝑥 𝑐𝑜𝑡  𝑥 

 

9. 𝑑

𝑑𝑥
[ 𝑒𝑥] = 𝑒𝑥 

 

10.  

 

11. 𝑑

𝑑𝑥
[𝐼𝑛 |𝑥|] =

1

𝑥
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



 

  

❑ Properties of the Indefinite Integral: 

5.2.3 Theorem: 

 



 

  

 

 

 

(a)  2 sin

x x

x

cos cos

xx sinsin

1
dx = dx  

 Remember that : 

 
.

1 cos x

sin sin
+ = x

x x
xcsc cot

 



 

  

                      dx= = -csc cot cx sc x + Cx   

 Remember that : 

 
cs cscx xcot x + Cc

 
 

(b) 2
    

 2

2

4

4
t

t

2t
dt

t

1
=

-
dt  

 Remember that : 

.
n

n- m
m

a ± b a b x
= ± = x

c c c x
 

   -

-1
2 t

= - 2 +
-1

tt 2 td C  

 Remember that : 

  
r + 1

r  
= + r - 1

r + 1
C

x
dx x  

 

1
= - -

t
2 t + C   

(C) 
 


+ 1

2
2

2 + 1 2 + 1

-
dx =

x

x x

1
x

dx  

Remember that : 

a ± b a b
= ±

c c c  

      


-1

2 + 1

1
= 1 - = tan-xdx x

x

+ C

 
  



 

  

❑ Integral Curves: 
 

 

 

 



 

  

 

 



 

  

 

  

 

Derivative Formula Equivalent Integration Formula 

 

 

 

 

 

 

 

 

 



 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Homework 



 

  

 

  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 



 

  

You Should Try 

 

 

 

 

 


