
.1 ' ~ , • x- - 7x + JO 
~- .r: - 2x - 15 x 2 - 3x + 9 

Sx - l lOx - 2 
9, X: + 11 X + 10 

sx2 + 7x + 2 

JO. r 2 + 6x + 5 

x 2 + 17.x + 70 

7x2 
- 39x - 18 

X
2 

- X - 30 

Add or subtract as indicated. 

x2 36 
11. 06 - X + 6 

2x2 - 2.r X - 15 
lZ, 2.r + 5 + 2x + 5 

3r2 
- [ 3t + 4 

I 
13• 4/ 2 - 9[ + 2 4f2 - 9{ + 2 

Find the least common denominato,: 

2m m + 7 
14, 2 3 + 2 1 6m + m m + 

15. 9x + 8 2x + 3 
? + -=--,----

2x- - Sx - 12 x- - 9x + 20 

For Exercises 16- /9, add or subtract as indicated. 

x + I 4x - 3 16. -- + --
2x Sx 

2a + 5 3a + I 17. --- - ---
a+ 3 a - 4 

x 2 + 5 3x - l 18. ----- + - -
2x2 + l3x + 6 2x + l 

X 4 
19. 2 2 

X + 3x + 2 X - X - 6 

20. 
. . 7 8 To add the rational express10ns -- + - , Samuel Ditsi 

X + l X 
decided to add both numerators and then add both denomi-

7 + 8 . h . 1.f. d 15 nators to get ( ) , wh1c s1mp 1 1e to - --. This x + l + x 2x + 1 
procedure is wrong. Why is it wrong? Explain your answer. 

7 8 Then add the rational expressions --
1 

+ - correctly. 
x+ X - ---- ------- ---- .. --

6.5 Complex Fractions 

D Simplify complex fraction s 
by combining terms. 

fJ Simplify comp lex fra ctions 
using multipl ication first 
to clear fraction s. 

Understanding 
Algebra 

The complex fraction 

a+b 
C 

d+e 
f 

is another way to represent 
the division 

a+b d+e - c- -=--,-
1 We perform the division by 
! multiplying the first fraction 
I by the reciprocal of the 
' second fraction: 

a+ b f 
c d + e 

D Simplify Complex Fractions by Combining Terms 

Complex Fraction 

A complex fraction is one that has a fraction in its numerator or its denominator or in both 
its numerator and denominator. 

Examples of Complex Fractions 

3 x+9 x a+b 
5 X y a 
7 4x X + l a - b 

b 
The expression above the main fraction bar is the numerator of the complex fraction, and 
the expression below the main fraction bar is the denominator of the complex fraction. 

Numera tor of { a + b 
complex fract ion a 

--- - Main fract ion bar 
Denominator of { a - b 
co mplex fraction b 

There are two methods to simplify complex fractions. The first reinforces many of 
the concepts used in this chapter because we may need to add, subtract, multiply, and 
divide simpler fractions as we simplify the complex fraction. Many students prefer to 
use the second method because the answer may be obtained more quickly. 

Method 1-To Simplify a Complex Fraction by Combining Terms 
1. Add or subtract the fractions in both the numerator and denominator of the complex 

fraction to obtain single fractions in both the numerator and the denominator. 
2. Multiply the fraction in the numerator by the reciprocal of the fraction in the 

denominator. 

3. Simplify further if possible. 
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all 
1 

C EXA MPLE 1 Simplify -. 
(I 

hc2 

Solution Since both numerator and denominator are already single fracti 

l · · I 2 ons we 
Jeg111 w1t 1 step . ' 

al/ 

cJ ah2 a 
=-+ - /,/11 I 

a c1 bc2 

bc2 

ttb2 bc2 

ei 
b3 

C 

a 

Thus the expression simplifies to b
3

. 

1 
a+ -

C 

i th (; 

: 1: • • ,. , exercise 11 

EXAMPLE 2 Simplity----f. ----·------- ------ ··

x + -
a 

Solution Step 1 is to express the numerator and denominator as single frac

tions. To obtain one fraction in the numerator, we notice that the LCD is x. Multi
x 

ply a by-. 
X 

l x l ax + I 
a+-=a• - +-= - -- \Ve ,1,c t 1•s :1, • ie ,urnerawr. 

x X X .t 

To obtain one fraction in the denominator, we notice that the LCD is a. Multiply x 

a 
by-. 

a 
l a l ax + l 

x+- = x •- +-= --- We use this a, the denominator. 
a a a o 

1 ll .\" + l 
a+ (/_\" + 1 £IX+ X X 

So - -
1 ax+ X (/ 

x+ 
a (l 

ax-+--1 a a 
= 

X ~ 1 X 

NowTry Exercise 25 

In Example 4 we will rework Example 2 using the second method. 

El Simplify Complex Fractions Using Multiplication First 

to Clear Fractions 
1 • r f on First 

Method 2-To Simplify a Complex Fraction Using Mu tip ,ca .• . m Jex 
. LI he denominators appeanng m the co p 

1. Find the least common denommator of a t 

fraction. . f the complex fraction by the LCD 
2. Multiply both the numerator and denommator o 

found in step 1. 

3. Simplify when possible. 



Understanding 
Algebra 

The LCD of the complex 
fraction 

a+ b 
C 

d+e 
f 

is cf (c from the numerator 
and ffrom the denominator). 1 

To eliminate fractions within 
the complex fraction, we 
multiply both the numerator 

an:1th( :•;obrt;:: :/ 
cf (d;e) (d + e)c 

Section 6.5 Complex Fractions 369 

2 I 
- + -

EXAMPLE 3 Simplify~. 
4 I 

5 3 
Solution The denominators in the complex fraction are 3 and 5. Multiply both th

e numera tor and denominator of the complex fraction by 15, the LCD of the complex fraction. 

2 1 (1 + ½) 15(½) + 15(½) -+ - 15 3 5 --=-· 4 1 15 (i -½) 15(i) - 15(½) - - -5 3 

Now simplify. 

10+3 13 --- --

Now we will rework Example 2 using method 2. 

1 a+-
EXAM PLE 4 Simplify ----f 

x+-
a 

12 - 5 7 
NowTry Exercise 9 

Solution The denominators in the complex fraction are x and a. Multiply both 
the numerator and denominator of the complex fraction by ax, the LCD of the complex fraction. 

a2x + a 
ax2 + x 

Note that the answers to Examples 2 and 4 are the same. 

a 

X 

NowTry Exercise 25 

2 

EXAMPLE 5 SimplifyA. -------------------
-+-
X y 

Solution The denominators in the complex fraction are x and y. Multiply both 
the numerator and denominator of the complex fraction by xy, the LCD of the com
plex fraction. 

xy3 
---

y + X 

Now Try Exercise 33 
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r W$m1 tmm J 
We have presented two meth ods fo r simplifyin g complex fractions Wh· h 
use? A lth ough e ithe r meth od ca n be used to simplify complex fra~f ic rnethoct ,h

0 1 to . LI I l I b . ions, most l u ti y use me 10c w 1e n o th the nume rato r and de nomin ato r consist of . · s Udent~ Gu 
a mpl e I . Whe n th e comple x fraction has a sum o r differe nce of expret_s ing\e terrn ,as ;refer 

d . s1ons in e· h n tx mera tor o r e no m111 ator, as in Examples 2, 3, 4, or 5, most students pref ll er the · 
er to Use rn %. 

. Cthoq 2. 

EXERCISE SET 6.5 Mathl,XI' MyMathLabll 
MathXL • MyMathlab 

,vann-Up Exercises 
Fill in the blanks with the appropriate word, phrase, or symbol(s) from the following list. 

5 
3 

complex fraction denominator numerator 5 

5 
3 1. The numerator of the complex fraction ----- is 

x 2 + 5x + 6 

2. A fraction that contains a fraction in its numerator or its de-
nominator or in both is called a ______ _ 

Practice the Skills 
Simplify. 

2 4 1 + - 2+-
3 5 

5. -- 6. ---
1 9 

5+- 1- -
3 16 

5 1 2 1 
-+- -+-

8 3 3 4 10.111 9. 51 
- - -

12 6 6 3 
18x4 

6a2b 
5y4z5 --

7 14. 13. 
9xy2 9ac2 

b2 15z5 

4 1 9 3 -+--+-
a 2a t ,2 

18. 17. --
1 a 

3+- a+-
2 t 

m n 

n m 5 
21. 22. 

m+n 1 
- +y 

n X 

a 
~-9 2- -

b y 25. 26. 
~ - 2 -x 

-+9 b y 

1 1 1 1 - - - - - -
a b a b ••111"29. 30. 1 1 l 

ab 
- + -
a b 

3. The numerator of the complex fraction~-is 
j 

x
2 + 5x ~ 6 

4. To simplify a complex fraction using mul tiplilauon , rnultiplv 
both the numerator and _ 01 ;he cornple:i 
fraction by the LCD of the complex fracti on. 

1 5 3 
2+- - +-

8 4 6 
•- 7. -- 8. 

1 2 -' 1 + - -+ -
3 3 5 

xy2 lla 

7 b3 
u. 11. -

b2 3 
x2 4 

a 2 
a-- a + -

b b 
15. 16. 

3 + a a --
b b 

1 2x 
5-- x-y X 

20. -..·19. 
~ 1 

4- -
y X 

a2 1 8 
- -b x2 X b 

23. 24. -b2 1 
3 + ) - - a x-a 

4 4 ~ -+- a 
27. 

,2 t 
28. --- a + b 4 4 

-+-
t t2 a 4 

a 1 2 3 
- + -- + - a b b a 32. -·• 31 -- 1 . b 1 

- +-
a a a 
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X 
33. 

X )' 

Problem Solving 

I I 
- + -

34. a /J 
ab 

5 5 
-;:; + (/2 

35. 5 5 

fJ + b2 

X 2 

36. y X 

l'.. + .l 
X y 

For rhe complex Jracrio11s i11 Exercises 37-40, 

a) D erermi11e which 0( 1he two rl d d' . . • · E l · h · me 10 s 1scussed m this section you would use to simplify the fractwn. xp am w Y-
b) Simpl~f'y by rh e m er hod you selected in part a). 

c) Simplify bv rhe m ethod yoi d'd . l · • h l · h 
- · · 

1 1 not se ect tn part a). If your answers to parts b) and c) are not t e same, exp am w Y. 
5+~ x+y l x-y 6 ~ _ 2 _ 
__ 5 -y-~ x+y+ x+y x-y + x+y 37. l 38. ---- 39 ----- 40. 

3 -- 4 x-y · 7 _5 ___ _ 8 -- +5 2---
xs X + y X - y X + Y 

In Exercises 41 and 42, a) write the complex fraction, and b) simplify the complex fraction. 

371 

41. The numerator of the complex fraction consists of one term: 42. The numerator of the complex fraction consists of two terms: 
5 is ~ivided by 12.x. The d~~ominator of the complex fraction 3 divided by 2x is subtracted from 6 divided by x. The denom-
cons1sts of two terms: 4 divided by 3x is subtracted from 8 di- inator of the complex fraction consists of two terms: the sum 
vided by x

2

. of x and the quantity 1 divided by x. 

Concept/ Writing Exercises 

43. Explain what a complex number is. 

Challenge Problems 

44. a) Select the method you prefer to simplify complex fractions 
and then write down a step-by-step procedure for simplify
ing complex fractions using that method. 

4 3 

. lifyx y b) Using your answer to part a), simp ---
1 

• 
x+

y 

Simplify. (Hint: Refer to Section 4.2, which discusses negative exponents.) 
-1 + -1 x- + y-1 I X - 1 + y-1 

45 X y 46. - 1 47. i I · 3 y c~ 

49. Jack The efficiency of a jack, E, is expressed by the formula 

l_h 
E = - 2

- where his determined by the pitch of the jack's 
1 ' 

h+-
2 

thread. Determine the efficiency of a jack if h is 
2 4 

a) 3 b) 5 

Simplify. 

X y 2 
-+- +-

so. y X X 

X 

;+y 

Cuniu1 · -- · attve Review Exercises 

a 1 
-+b-
b a 

51. a b 3 
---+? 
bz a a-

52. 
X 

X 
4+--

1 + X 

li.si 53. 
Solve the equation 

[5.3] 

(6.4] 

55. Factor x 2 
- 13x / 40. 

2 
56. Subtract 3x2 + 17x - 6 - x2 + 3x - 18 2x - 8(5 - x) = 9x - 3(x + 2)-

54· What is a polynomial? 
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