
Polynomial Division: 

 

Long Division: 

( ) ( )26 13 9 2 1x x x+ +  +  
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So ( ) ( )26 13 9 2 1 3 5 4x x x x r+ +  + = +  or ( )( )2

dividend
divisor quotient

6 13 9 2 1 3 5 4
remainder

x x x x+ + = + + + . 

 

 



( ) ( )4 3 2 22 3 3 9 2 2 1x x x x x x− − + +  − +  
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So ( ) ( ) ( )4 3 2 2 22 3 3 9 2 2 1 2 3 2 5x x x x x x x x r x− − + +  − + = + − +  or 

( )( ) ( )4 3 2 2 2

dividend
divisor quotient remainder

2 3 3 9 2 2 1 2 3 2 5x x x x x x x x x− − + + = − + + − + + .  

 



( ) ( )28 2 15 4 5x x x− −  +  
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So ( ) ( )28 2 15 4 5 2 3x x x x− −  + = − or ( )( )2

dividend
divisor quotient

8 2 15 4 5 2 3x x x x− − = + − . 

 

 

 

 



Synthetic Division: 

Only works if you’re dividing by ( )x c . 

 

Examples: 

( ) ( )22 16 2x x x+ −  −  

 

2 2 1 -16 

    

  4 10 

 2 5 -6 

 

 

So ( ) ( ) ( )22 16 2 2 5 6x x x x r+ −  − = + −  or ( )( ) ( )2

dividend
remainderdivisor quotient

2 16 2 2 5 6x x x x+ − = − + + − . 

 

 



( ) ( )23 2 5 3x x x− +  −  

3 3 -2 5 

    

  9 21 

 3 7 26 
 

( )( )23 2 5 3 3 7 26x x x x− + = − + +  

 

 

( ) ( )2 8 12 4x x x− −  +  

-4 1 -8 -12 

    

  -4 48 

 1 -12 36 
 

( )( )2 8 12 4 12 36x x x x− − = + − +  

 



( ) ( )22 8 3x x+  +  

-3 2 0 8 

    

  -6 18 

 2 -6 26 

 

( )( )22 8 3 2 6 26x x x+ = + − +  

 

( ) ( )3 22 5 1 5x x x x− + −  −  

5 1 -2 5 -1 

     

  5 15 100 

 1 3 20 99 

 

( )( )3 2 22 5 1 5 3 20 99x x x x x x− + − = − + + +  

 

 



Remainder Theorem: 

When the polynomial function ( )f x  is divided by ( )x c− , the remainder is equal to 

( )f c . 

Here’s why: ( ) ( ) ( )f x x c q x r= − + , so 

( ) ( ) ( )

( )0

f c c c q c r

q c r

r
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=

 

Examples: 

1. Use synthetic division along with the Remainder Theorem to find the value of  

( )2f  for the polynomial function ( ) 3 23 2 3f x x x x= − + − . 

2 3 -2 1 -3 

     

  6 8 18 

 3 4 9 15 

So ( )2 15f = . 



2. Use synthetic division along with the Remainder Theorem to find the value of  

( )3f −  for the polynomial function ( ) 2 35 2 4f x x x x= − + − . 

-3 -2 5 1 -4 

     

  6 -33 96 

 -2 11 -32 92 

So ( )3 92f − = . 

 

 

Factor Theorem: 

For the polynomial function ( )f x , if ( ) 0f c = , then ( )x c−  is a factor of ( )f x . 

 

Here’s why: 

( ) ( ) ( )f x x c q x r= − + , so if ( ) 0f c = , then 0r = , and so ( )x c−  is a factor of ( )f x . 

 

 



Examples: 

1. Use synthetic division and the Factor Theorem to show that 3x −  is a factor of the 

polynomial function ( ) 3 23 3f x x x x= − + − , and then find all of the zeros of the 

polynomial function. 

 

3 1 -3 1 -3 

     

  3 0 3 

 1 0 1 0 

 

 

( )3 0f = , so the Factor Theorem implies that 3x −  is a factor of ( ) 3 23 3f x x x x= − + − , 

and from the synthetic division, ( )( )3 2 23 3 3 1x x x x x− + − = − + , which means that the 

zeros are 3, ,i i− . 

 

 

 

 

 

 



2. Use synthetic division and the Factor Theorem to show that 2x +  is a factor of the 

polynomial function ( ) 3 22 3 5 6f x x x x= + − − , and then find all of the zeros of the 

polynomial function. 

 

-2 2 3 -5 -6 

     

  -4 2 6 

 2 -1 -3 0 

 

( )2 0f − = , so the Factor Theorem implies that 2x +  is a factor of 

( ) 3 22 3 5 6f x x x x= + − − , and from the synthetic division, 

( )( ) ( )( )( )3 2 22 3 5 6 2 2 3 2 2 3 1x x x x x x x x x+ − − = + − − = + − + , which means that the 

zeros are 
3

2, , 1
2

− − . 

 

3. Find the value of k so that 1x −  is a factor of 
5 3 24 2 3x x x x k− + − + . 

If 1x −  is a factor of 
5 3 24 2 3x x x x k− + − + ,  then from the Factor Theorem, when you 

plug in 1for x in the polynomial function, you get zero.  
5 3 21 4 1 2 1 3 1 0 4 0 4k k k−  +  −  + =  − + =  =  


