
4.5 Integration by Substitution 

Antidifferentiation of a composite function – Let g be a function whose range is an interval I, and let f be 

a function that is continuous on I. If g is differentiable on its domain and F is an antiderivative of f on I, 

then
       'f g x g x dx F g x C  . Letting 

 u g x
gives 

 'du g x dx
 and 

   f u du F u C  . 

 

To use this theorem we need to remember composition of functions, the chain rule, and the concept of 

‘inside’ function and ‘outside’ function. 

 

Examples: Identify the inside, the outside, and the derivative of the inside in order to integrate. 

 1.  
4

22 1x x dx    

 

 

 

2. 
2 33 1x x dx   

 

 

 

 

3. 
 2sec tan 3x x dx  

  

 

 

 



4.  
7

2 5x x dx    

 

 

 

 

5.  
3/ 2

2 32 1x x dx    

 

 

 

 

6.  

2

2
316

x
dx

x
  

  

 

 

 

7. 
cos8xdx    

 

 

 

8. 3

sin

cos

x
dx
x    

 

 



9. 
6x x dx  

  

 

 

 

 

 

 

 

 

 

 

10. 
 1 2x xdx     

 

 

 

 

 

 

Examples: Evaluate the definite integral using substitution. 

 1.  
4 2

2 3

2
8x x dx


   

 

 

  



 

2. 

1
2

0
1x x dx   

 

 

 

 

 

3. 

2

20 1 2

x
dx

x
  

 

 

 

 

Fact: Let f be integrable on the closed interval [-a, a]. 

 1. If f is an even function, then 
   

0
2

a a

a
f x dx f x dx


   

 2. If f is an odd function, then 
  0

a

a
f x dx


 . 

 


