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Simplify Complex Rational Expressions

Learning Objectives

By the end of this section, you will be able to:

Simplify a complex rational expression by writing it as division
Simplify a complex rational expression by using the LCD

Be Prepared!

Before you get started, take this readiness quiz.
3
1. Simplify: %
10
If you missed this problem, review
=
2. Simplify: Paiis

If you missed this problem, review

S I I
3. Solve: 2x+4 =3

If you missed this problem, review
Simplify a Complex Rational Expression by Writing it as Division

Complex fractions are fractions in which the numerator or denominator contains a fraction. We previously simplified
complex fractions like these:

AN
0\|§|NI><

In this section, we will simplify complex rational expressions, which are rational expressions with rational expressions in
the numerator or denominator.

Complex Rational Expression

A complex rational expression is a rational expression in which the numerator and/or the denominator contains a
rational expression.
Here are a few complex rational expressions:

_4
y—3

_2
x+6
Z Z

x=6 2 34

8
y2-9

x| ==
=[<<—

Remember, we always exclude values that would make any denominator zero.
We will use two methods to simplify complex rational expressions.
We have already seen this complex rational expression earlier in this chapter.

6x2—7x+2
4x—8

2x2—8x+3

x2—5x+6

We noted that fraction bars tell us to divide, so rewrote it as the division problem:

(6x2—7x+2)+(2x2—8x+3).
4x—38 x2—5x+6

Then, we multiplied the first rational expression by the reciprocal of the second, just like we do when we divide two
fractions.

This is one method to simplify complex rational expressions. We make sure the complex rational expression is of the form

This OpenStax book is available for free at http://cnx.org/content/col12119/1.3



Chapter 7 Rational Expressions and Functions 671

where one fraction is over one fraction. We then write it as if we were dividing two fractions.

EXAMPLE 7.24

6
Simplify the complex rational expression by writing it as division: — ; 4
xZ-16
Solution
6
x—4
3
x2-16
Rewrite the complex fraction as division. 6 . 3
x=4" x2_16
Rewrite as the product of fir t times the 6 2 -16

reciprocal of the second. x—4

3.2 =Hx+4
x—4 3

Factor.

32— dHx+4)
3(x—4)

220~ (x+4)
sl

Simplify. 2x+4)

Multiply.

Remove common factors.

Are there any value(s) of x that should not be allowed? The original complex rational expression had denominators of
x—4 and x? — 16. This expression would be undefined if x =4 or x = —4.

TRYIT:: 747 2

2
Simplify the complex rational expression by writing it as division: £ T L

x+ 1

TRYIT::7.48 > 1

Simplify the complex rational expression by writing it as division: A =Tx+12

Fraction bars act as grouping symbols. So to follow the Order of Operations, we simplify the numerator and denominator
as much as possible before we can do the division.

EXAMPLE 7.25

Simplify the complex rational expression by writing it as division:

G| —
+
N\ |—

N —
W=
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© Solution
b g
3'%
1.1
2 3
Simplify the numerator and denominator. 13§+%
Find the LCD and add the fractions in the numerator. Te3 1.2

Find the LCD and subtract the fractions in the 2.3 3.2
denominator.

Simplify the numerator and denominator. %4.%
3.2
6 6

Rewrite the complex rational expression as a division % +%

problem.

Multiply the first by the reciprocal of the second. %%

Simplify. 3

TRYIT::7.49 1,2
Simplify the complex rational expression by writing it as division: 52 ? .
6T 12
TRYIT::7.50 3_1
Simplify the complex rational expression by writing it as division: ? :
. + =
8 6

We follow the same procedure when the complex rational expression contains variables.

GG yrlay HOW TO SIMPLIFY A COMPLEX RATIONAL EXPRESSION USING DIVISION

==
+
<=

Simplify the complex rational expression by writing it as division:

|
=<

<=
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©) solution

We will simplify the sum in
the numerator and difference
in the denominator.

Find a common denominator
and add the fractions in the
numerator.

Find a common denominator
and subtract the fractions in
the denominator.

We now have just one rational
expression in the numerator
and one in the denominator.

We write the numerator
divided by the denominator.

+

x| =
<|=

[
il

‘<|><><—~

< xQL' <|x
L+
cjtih

= |

+
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I

i
5

*%
[

(57 5)
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Multiply the first by the +x\,.[_ Xy
reciprocal of the second. Xy X —y
Factor any expressions if Xy +x)
possible. Xy(x - y)(x +Yy)
Remove common factors. AT
XYX = Y)x+7)
. . 1
Simplify. X—y
TRYIT:: 751 1,1
Simplify the complex rational expression by writing it as division: )1( )1)
EY
TRYIT:: 752 1,1
Simplify the complex rational expression by writing it as division: %
272
a b

We summarize the steps here.

(&) HOW TO:: SIMPLIFY A COMPLEX RATIONAL EXPRESSION BY WRITING IT AS DIVISION.

Step 1. Simplify the numerator and denominator.

Step 2. Rewrite the complex rational expression as a division problem.
Step 3. Divide the expressions.
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_ _4n
Simplify the complex rational expression by writing it as division: T u "'?
n+5 + n—>5
) Solution
4n
" h+s
k|
n+5 n-5
Simplify the numerator and denominator. nn+5) __4n
Find common denominators for the numerator and W 1(:57)+ ) ”;E 5 5
denominator. n- n+
(n+5\n-5) T =5{n+5)
Simplify the numerators. m+5n _ _4n
n+5 n+5
n-5 N n+5
(n+5)n-5) " (n-5)n+5)
Subtract the rational expressions in the numerator and %
add in the denominator. 5+ n %5
(h+5)n-5)
Simplify. (We now have one rational expression over "2"';’
one rational expression.) ng'n
(h+5)(n-5)
Rewrite as fraction division. n+n . 2n
n+5  (n+5)n-5)
Multiply the first times the reciprocal of the second. n+n  (n+5)n-5)
n+5 2n
Factor any expressions if possible. n(n +1)(n + 5)(n - 5)
(n+5)2n
Remove common factors. An + 1)(n~+5)(n - 5)
(n+5)241
Simplify. (n+1)(n-5)
2

TRYIT:: 753 p_ 3b_

Simplify the complex rational expression by writing it as division: — b +?

b+5+b—5

TRYIT:: 754 1 -

Simplify the complex rational expression by writing it as division:

oS}

+ =
N
+ 4
wo |~

Simplify a Complex Rational Expression by Using the LCD

We “cleared” the fractions by multiplying by the LCD when we solved equations with fractions. We can use that strategy
here to simplify complex rational expressions. We will multiply the numerator and denominator by the LCD of all the
rational expressions.

Let's look at the complex rational expression we simplified one way in Example 7.25. We will simplify it here by multiplying

the numerator and denominator by the LCD. When we multiply by i‘g—g we are multiplying by 1, so the value stays the

same.
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1,1
S +_
Simplify the complex rational expression by using the LCD: 31; ?.
273
© solution
1.1
3's
1.1
2 3
The LCD of all the fractions in the whole expression is 6.
Clear the fractions by multiplying the numerator and 6o (% + %)
denominator by that LCD. T
6-(3-3)
Distribute. 6-1§+6-%
1_¢£.1
feo-heg
. . 241
Simplify. S
3
1
3

TRYIT::755

N [—
o [—

Simplify the complex rational expression by using the LCD: T

0ts

TRYIT:: 756 1,3
Simplify the complex rational expression by using the LCD: 14 2 .

2716

We will use the same example as in Example 7.26. Decide which method works better for you.

_ HOW TO SIMPLIFY A COMPLEX RATIONAL EXPRESSING USING THE LCD

1.1
Simplify the complex rational expression by using the LCD: H
Yy X
© solution
The LCD of all the fractions Loped
is xy. X Y
XX
¥y X

Multiply both the numerator
and denominator by xy. Xy *
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Distribute. 1

1

XWex Wy
X

Xy» 7—Xy' %

Simliy w AT

Remove common factors. ;|

TRYIT:: 757

Q=
+
S —

Simplify the complex rational expression by using the LCD:

%
pta
TRYIT:: 758 a1
272
Simplify the complex rational expression by using the LCD: xl )1 .
xty
-G- HOW TO:: SIMPLIFY A COMPLEX RATIONAL EXPRESSION BY USING THE LCD.
Step 1. Find the LCD of all fractions in the complex rational expression.
Step 2. Multiply the numerator and denominator by the LCD.
Step 3. Simplify the expression.
Be sure to start by factoring all the denominators so you can find the LCD.
2
Simplify the complex rational expression by using the LCD: 7 Z+6 n
=6 2 36
© Solution
2
xX+6
_4 __ 4
x-6 x*-36
Find the LCD of all fractions in the complex rational
expression. The LCD is x> —36= (x + 6)(x - 6).
Multiply the numerator and denominator by the LCD. (x + 6)(x - 6)X f_ 3
4 4
(“6’{"‘6)(x-6 x+ 6)(x—6})

Simplify the expression.
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Distribute in the denominator. (x +6)(x — 6)x i 3
_4 )\ _ e 4
X+ 6)x— 6)(x_ 6) X + 6)x 6)((x = 6))
Simplify. _6)—2
plity (x+6)(x G)M
4 4
e+ 6Xx-6)(325) - x_ié}er:m(i)
& B0
Simplify. _2x-6)
piity 4x+6)-4
To simplify the denominator, distribute 2x - 6)
and combine like terms. 4x +20
Factor the denominator. 2x-6)
4(x + 5)
Remove common factors. _2x-6)
2+2(x+5)
. . xX-6
Simplify. 3+ 5)
Notice that there are no more factors
common to the numerator and denominator.
TRYIT::759 3
Simplify the complex rational expression by using the LCD: 5 X+ 2 3
x—=2 x“—4
TRYIT::7.60 2 1
x—17 x+7 )

Simplify the complex rational expression by using the LCD: G 1

x+7 2 49

Be sure to factor the denominators first. Proceed carefully as the math can get messy!

EXAMPLE 7.31
12

2
Simplify the complex rational expression by using the LCD: %

m—3 m-4

4
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©) solution

Find the LCD of all fractions in the
complex rational expression.

The LCD is (m — 3)(m — 4).

Multiply the numerator and m-3m-4—23
denominator by the LCD. (m - 3)(m - 4)
Simplify. (m=3ym=2)—3

(m—=3)(m - 4) L_) —-(m- 3](9;(41(1”%)
4

Simplify. M A-Zm=3)

Distribute. 4
3m-12-2m+6

Combine like terms. 4

m-6

TRYIT:: 761 3

2 )
Simplify the complex rational expression by using the LCD: M

x+2 +x+5

>| TRYIT::7.62 4y 2

Simplify the complex rational expression by using the LCD: %
y2+ 11y +30
EXAMPLE 7.32
Y
Simplify the complex rational expression by using the LCD: Lll
y—1
© solution
.
y+1
1
1+ y-1

Find the LCD of all fractions in the complex rational expression.

TheLCDis (y+ 1)y —1).
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Multiply the numerator and denominator by the LCD.

Distribute in the denominator and simplify.

Simplify.

Simplify the denominator and leave the

numerator factored.

Factor the denominator and remove factors
common with the numerator.

Simplify.

v+ -5

1
v+ -1 +51)

A
Oy - 127

v+ Dy =10 + (v + 1)(»4(%)

(y=1)y
(y+NDy-D++1)

Hy-1)
V-1+y+1

yy-1)
y+y

Jy-1)
Ny +1)

y-1
y+1

679

TRYIT:: 763

TRYIT::7.64

[»] meDIA::

+
Simplify the complex rational expression by using the LCD: —s

X
x+3

Simplify the complex rational expression by using the LCD: —
+

x+3

x—1

x+1

Access this online resource for additional instruction and practice with complex fractions.

¢ Complex Fractions (https://openstax.org/l/37CompFrac)
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L 7.3 EXERCISES
Practice Makes Perfect

Simplify a Complex Rational Expression by Writing it as Division

In the following exercises, simplify each complex rational expression by writing it as division.

2a 3b S

151 —4+4 152, =3 24+5c-14

4a® b2 153. 10
a?-16 b2-25 c+7
8 1,5 1,3
d2+9d+18 155. 26 156. -2—4
154. B 2,7 3,7
T 3°9 510
d+6

2_1 1_1 a1l

157. 22 158. 228 159. 41—
242 242 7T m
46 34
1 )4 1 1 2 2
++L ++1 42
P q r t v Tw

160. T 161 - 162. -

P q 2 ,2 v2 w2
2x 2y 2
X — — = 2 —

163. x+3 164 —Y=4 165. ——<4+3
x+3 " x-3 y_—4+y+—4 a+3 2
4+
_1 45
b-5 "4

Simplify a Complex Rational Expression by Using the LCD

In the following exercises, simplify each complex rational expression by using the LCD.

1 1 1 1 5.2

167. 2—3 168, -+ 169. &2
1, L 14 L Z_1
4 12 6 " 12 18 3
1 4 c 1 1 m
++= Ly T
615 d_d 172, 21

170'i_l 171'l_i n_ 1
572 d— ¢ men
1 1 2,2 2
P9 r t x+5

173. S 174. 11 175. 3 7
p? q2 22 x=5 "2 25

5 5 3 3 5
—— +— +
y—4 2 _ z+8 s+6  s—6

176. ————— 7. = A E——
vH4 T2 46 z+8 1 7-8 $2_36 $+6
4 5 5 __3

179, a>=2a—15 180, b2 =6b =27 181 £+2_ct]

| 2 3 1 S —
a5t a3 b-9 " b+3 249+ 14
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_6 __2 24+ —— 3
d-4 d+7 r=3 184, =%
82— 183. — —
d?+3d - 28 p=3
_m__ 2
m+5 T+ —
185. 27— 186. ——2
s T

32 vl 2
187. 41 188. —- 189, 4+
143 v w
2t g 216
3 3.3 2
2 AT -9
100, L =3b=40 9L —~— 102, — =9
b+5 b-8 m*  n? r+9 0,2 31
x —3x_ Yy
x+2 y+3
193. — L3 194.2+ i
x+2  x-=2 -3

Writing Exercises

195. In this section, you learned to simplify the complex

196. Efraim wants to start simplifying the complex

3 141
fraction x')'c'z two ways: rewriting it as a division fraction le ll’ by cancelling the variables from the
¥2_4 a"p
problem or multiplying the numerator and % +L
denominator by the LCD. Which method do you prefer?  numerator and denominator, }’" Explain what is
Why? v %

Self Check

wrong with Efraim’s plan.

@ After completing the exercises, use this checklist to evaluate your mastery of the objectives of this section.

With some No-I don't

Confidently help get it!

Ican...

simplify a complex rational expression
by writing it as division.

simplify a complex rational expression
by using the LCD.

® After looking at the checklist, do you think you are well-prepared for the next section? Why or why not?



