
  

RATIONAL EXPRESSIONS AND EQUATIONS 
 

ADDITION AND SUBTRACTION OF RATIONAL EXPRESSIONS 
 
Addition and subtraction of rational expressions is done the same way as addition and 
subtraction of numerical fractions.  Change to a common denominator (if necessary), combine 
the numerators, and then simplify.  Here is an example:  
 

The Least Common Multiple (lowest common 
denominator) of (x + 3)(x + 2)  and (x + 2)  is 
(x + 3)(x + 2) . 
 

4
(x+2)(x+3) +

2x
x+2  

The denominator of the first fraction already is the 
Least Common Multiple.  To get a common 
denominator in the second fraction, multiply the 

fraction by (x+3)
(x+3) , a form of one (1). 

 

= 4
(x+2)(x+3) + 2x

x+2 ! (x+3)
(x+3)  

Multiply the numerator and denominator of the 
second term. 

= 4
(x+2)(x+3) + 2x(x+3)

(x+2)(x+3)  

 
Distribute the numerator. 
 

= 4
(x+2)(x+3) + 2x2+6x

(x+2)(x+3)  

 
Add, factor, and simplify. = 2x2+6x+4

(x+2)(x+3) = 2(x+1)(x+2)
(x+2)(x+3) = 2(x+1)

(x+3)  

 
 
Here are some additional examples that illustrate how to add or subtract, then simplify. 

a. 2!x
x+4 + 3x+6

x+4

= 2!x+3x!6
x+4

= 2x!4
x+4

= 2(x!2)
x+4

 b. 3
(x+2)(x+3) + x

(x+2)(x+3)

= 3+x
(x+2)(x+3)

= 1(3+x)
(x+2)(x+3)

= 1
x+2

 

c. 3
x! 1 ! 2

x! 2

= x! 2
x! 2 " 3

x! 1 ! x! 1
x! 1 " 2

x! 2

= 3(x! 2)
(x! 1)(x! 2) ! 2(x! 1)

(x! 1)(x! 2)

= 3x! 6! 2x+2
(x! 1)(x! 2)

= x! 4
(x! 1)(x! 2)

 d. 8
x

! 4
x+2

= (x+2)
(x+2) " 8

x
! x

x
" 4
x+2

= 8(x+2)
x(x+2) ! 4x

x(x+2)

= 8x+16! 4x
x(x+2)

= 4x+16
x(x+2)

= 4(x+4)
x(x+2)

 



  

Problems 

  1. 3x
x! 7 + 4

x! 7    2. x

(x+2)(x+3) + 2
(x+2)(x+3)  

  3. 8x+3
2x+3 ! 2x! 6

2x+3    4. 2x
(x!2)(x+5) + 7

(x!2)(x+5)  

  5. x

x+3 ! 3
x

   6. x+6
2x+1 ! 3x

x! 5  

  7. 6
x(x! 3) + 2

x+3    8. x ! 8
3x ! 1 + x+1

x+2  

  9. 5x
10! 3x ! 7! 2x

x+1  10. 3x+1
x2

!16
!

3x+5
x2

+8x+16
 

11. 7x!1
x2

!2x!3
!

6x
x2

!x!2
 12. 3

x! 1 +
4

1! x +
1
x  

13. 3y

9y2 ! 4x2 ! 1
3y+2x  14. 2

x+4 ! x! 4
x2 ! 16

 

15. x+4
x2 ! 3x! 28

! x! 5
x2+2x! 35

 

 
 
 
Answers 

  1. 3x+4
x! 7    2. 1

x+3    3. 3(2x+3)
2x+3 = 3 

  4. 2x+7
(x! 2)(x+5)    5. x2 ! 3x! 9

x(x+3)    6. ! 5x2 ! 2x! 30
(x! 5)(2x+1)  

  7. 2(x2+9)
x(x ! 3)(x+3)    8. 4x2! 4x ! 17

(x+2)(3x ! 1)    9. ! x2+46x! 70
(x+1)(10! 3x)  

10. 4(5x+6)

(x ! 4)(x+4)2
 11. x+2

(x! 3)(x! 2)  12. ! 1
x(x! 1)  

13. 2x
(3y+2x)(3y! 2x)  14. 1

x+4  15. 2x
(x+7)(x! 7)  

 
 
 
 
 
 
 
 



  

MULTIPLICATION AND DIVISION OF RATIONAL EXPRESSIONS 
 
 
To multiply or divide rational expressions, follow the same procedures as you did with numerical 
fractions.  However, you need to first factor in order to simplify.  Here are two examples: 
 
 

Example 1: Multiply x2
+6x

(x+6)2
! x2

+7x+6
x2" 1

 and simplify your result. 

  After factoring, our expressions become:  x(x+6)
(x+6)(x+6) !

(x+6)(x+1)
(x+1)(x"1)  

  After multiplying, reorder the factors:  (x+6)
(x+6) !

(x+6)
(x+6) !

x
(x" 1) !

(x+1)
(x+1)  

  Since (x+6)
(x+6) = 1 and (x+1)

(x+1) = 1, simplify:  1!1! x
x" 1 !1# x

x" 1  

 
 

Example 2: Divide x2 ! 4x! 5
x2 ! 4x+4

 by x2
!2x!15

x2+4x!12
 and simplify your result. 

  First, change to a multiplication expression:  x2 ! 4x! 5
x2 ! 4x+4

!! x2+4x" 12
x2" 2x" 15

 

  Note that the second fraction is inverted (flipped). 
 

  After factoring, we get: (x! 5)(x+1)
(x! 2)(x! 2) " (x+6)(x! 2)

(x! 5)(x+3)  

 

  Reorder the factors:   (x! 5)
(x! 5) " (x! 2)

(x! 2) " (x+1)
(x! 2) " (x+6)

(x+3)  

 

  Since (x!5)
(x!5) = 1 and (x! 2)

(x! 2) =1 , simplify:  (x+1)(x+6)
(x! 2)(x+3)  

 

  Thus, x2 ! 4x! 5
x2 ! 4x+4

Ö! x2 ! 2x! 15
x2+4x! 12

=
(x+1)(x+6)
(x! 2)(x+3)  or x2+7x+6

x2+x! 6
 

 
 
Here are two additional examples.  Think about factoring first, then perform each operation.  
Simplify when it is helpful. 

a. x2 +5x+6
x2 ! 4x

" 4x
x+2 = (x+2)(x+3)

x(x! 4) " 4x
(x+2) = 4(x+3)

(x! 4)  

b. x2 ! 2x
x2 ! 4x+4

Ö4x2
x! 2 = x(x! 2)

(x! 2)(x! 2) " (x! 2)

4x2 = 1
4x  

 
 



  

Problems 
 
Perform each operation below and simplify your results. 
 

  1. x2
!1

x+2 "
x2

!4
x!1    2. x2

!2x!3
x!3 "

x2+4x
x+1  

  3. x2+12x+36
x2+3x! 18

Öx2+11x+30
x2+4x! 21

   4. 8x
4x2 ! 8x! 96

÷
2x2 ! 16x

x+4  

  5. 3x2 ! 27x! 30
9x2 " 6x2+24x

x2 ! 6x! 40
   6. x4 ! 1

10x2 ÷
x! 1

5x2
+5x

 

  7. x2 ! 16
(x! 4)2

" x2 ! 3x! 18
x2 ! 2x! 24

   8. x2 ! x! 6
x2+3x! 10

" x2+2x! 15
x2 ! 6x+9

" x2+4x! 21
x2+9x+14

 

  9. x2 ! x! 6
x2 ! x! 20

" x2
+7x+12

x2 ! x! 6
 10. x2 ! x! 30

x2+13x+40
" x2+11x+24

x2 ! 9x+18
 

11. 15! 5x
x2 ! x! 6

Ö 5x
x2+6x+8

 12. 17x+119
x
2+5x!14

Ö 9x!1
x
2
!3x+2

 

13. 2x2 ! 5x! 3
3x2 ! 10x+3

" 9x2 ! 1
4x2

+4x+1
 14. x2 ! 1

x2 ! 6x! 7
Öx3+x2 ! 2x

x! 7  

 
 
 
Answers 

  1. x2 ! x ! 2    2. x2 + 4x    3. x+7
x+5  

  4. 1

x2 ! 14x+48
   5. 2x+2

x    6. (x2+1)(x+1)2

2x  

  7. (x+3)
(x! 4)

   8. (x! 3)
(x! 2)

   9. (x+3)
(x!5)

 

10. (x+3)
(x! 3)  11. ! (x+4)

x  12. 17(x! 1)
(9x! 1)  

13. (3x+1)
(2x+1)  14. 1

x(x+2)  



  

 

SIMPLIFYING COMPLEX FRACTIONS 
 
A complex fraction is a fraction where the numerator, denominator, or both contain fractions.  

An example of a complex fraction is: 
a
b

1! 1
a

= .  There are two commonly used methods to 

simplify a complex fraction into a single fraction.  See an example of each method below. 
 
 
Method One: Clear the fractions within a complex fraction by multiplying the numerator and 

denominator of the large fraction by the common denominator of the smaller 
fractions. 

 Multiply top and bottom by  ab  (common denominator): 
a
b( )

1! 1
a( )

"
ab
1
ab
1

=
a2b
b

ab! ab
a

.    

 Then simplify:  
a2b
b

ab! ab
a

=
a2

ab! b
 

 
 
Method Two: Change the complex fraction into a division problem and solve the division 

problem using the methods of the previous sections.   

 Make top and bottom into simple fractions: 
a
b

1! 1
a

=
a
b

a! 1
a

. 

 Then divide the fractions: 
a
b

Ö
a ! 1

a
 = 

a
b
!

a
a"1

=
a2

ab" b
 

 
 
Problems 
 
Simplify each of the following complex fractions. 
 

1. 
3

5

2

3

   2. 
a
b

a2
3

   3. 
t + 1

t

t
 

 

4. 
1

x + y2

x

  5. 
1
b

+ 2
2
a

+ 3
   6. 

5
1! 1

xy

 

 

7. 

1
xy ! 1

y2

1
x2y

! 1
xy2

  8. 
6
x

3! 1
2y

   9. 
6

x! 2

1! 2
x! 2

 



  

Answers 
 

  1. 9
10    2. 3

ab    3. t2+1
t2

 

  4. x
x2+y2    5. a+2ab

2b+3ab    6. 5xy
xy! 1  

  7. x    8. 12y
6xy! x    9. 6

x! 4  

 



  

 

SOLVING RATIONAL EQUATIONS 
 
To solve rational equations (equations with fractions) usually it is best to multiply everything by 
the common denominator to remove the fractions.  Then solve the equation in the usual ways.  
Here are two examples. 
 

Example 1: 24
x+1 = 16 

 
Multiply both sides by the common 
denominator (x +1) . 
 

 (x +1) 24
(x+1) = (x +1)(16)  

 
Then simplify. 
 

 

24 =16x +16

8 =16x
8

16
= 16x
16

x = 1

2

 

Example 2: 5
2x + 1

6 = 8  

 
Multiply each term by the common 
denominator 6x. 
 

 6x 5
2x + 1

6( ) = 6x(8)  

 
Then simplify. 
 

 

6x 5
2x( ) + 6x 1

6( ) = 48x

15+ x = 48x

15= 47x

x = 15
47

 

 
Here are some additional examples that illustrate solving rational equations. 
 

a. x
3 = 4

x  
 

 

3x x

3( ) = 3x 4
x( )

x
2 = 12

x = ± 12 = 2 3

 

b. x
x! 1 = 4

x  
 

 

x(x ! 1) x
x! 1( ) = x(x ! 1) 4

x( )
x2 = 4(x ! 1)

x2 ! 4x + 4 = 0

(x ! 2)(x ! 2) = 0

x = 2

 

   
c. 1

x + 1
3x = 6 

 

 

3x 1
x + 1

3x( ) = 3x(6)

3x 1
x( ) + 3x 1

3x( ) =18x

3+1=18x

4 =18x

x = 4
18

= 2
9

 

 

d. 1

x + 1

x+1 = 3  
 

 

x(x +1) 1
x + 1

x+1( ) = x(x +1)(3)

x(x +1) 1
x( ) + x(x +1) 1

x+1( ) = 3x(x +1)

(x +1) + x = 3x2 + 3x

2x +1= 3x2 + 3x

0 = 3x2 + x ! 1

 

 Using the Quadratic Formula: 

 x ! " 0.43, " 0.77 



  

Problems 
 
 
Solve each of the following rational equations. 
 
  1. 3x

5 = x! 2
4    2. 4x

9 + 2
3 = 2 

  3. 4x! 1
x = 3x    4. 2x

5 !
1
3 = 137

3  

  5. x
48 = 3

x    6. 1
2x + 3

5x = 7  

  7. x

3 = x + 4    8. 2x! 1
x = 13

x  

  9. x+6
3 = x  10. x

5 = 4
x

 

11. 4x ! 1
x+1 = x ! 1 12. x! 1

5
 = 

3
x+1

 

13. 2x+3
6

+ 1

2
= x
2

 14. 1
x + 1

x+2 = 3 

15. 3
x + 5

x! 7 = ! 2 16. 2x+3
4

! x! 7
6

= 2x! 3
12

 

 
 
 
 
 
 
 
 
 
Answers 
 
  1. x = ±6 x = ! 10

7    2. x = 3   3. x = 1
3 ,1 

  4. x = 115   5. x = ±12   6. x = 11
70  

  7. x = ! 6   8. x = 7    9. x = 3 

10. x = ± 20 = ±2 5  11. x = 0, 4  12. x = ±4  

13. x = 6  14. x = ! 2± 10
3  15. x = 3± 51

2  

16. x = ! 13  


