7.5
Rational Expressions - Complex Fractions

Complex fractions have fractions in either the numerator, or denominator, or usu-
ally both. These fractions can be simplifed in one of two ways. This will be illus-
trated first with integers, then we will consider how the process can be expanded
to include expressions with variables.

The first method uses order of operations to simplify the numerator and denomi-
nator first, then divide the two resulting fractions by multiplying by the recip-
rocal.

Example 1.
2_1
g 2 Get common denominator in top and bottom fractions
)
8 _ 3
g §2 Add and subtract fractions, reducing solutions
—+:
>
12 Todivide fractions we multiply by the reciprocal
3

J(2) e
)

Multiply

—  Our Solution

The process above works just fine to simplify, but between getting common
denominators, taking reciprocals, and reducing, it can be a very involved process.
Generally we prefer a different method, to multiply the numerator and denomi-
nator of the large fraction (in effect each term in the complex fraction) by the
least common denominator (LCD). This will allow us to reduce and clear the
small fractions. We will simplify the same problem using this second method.

Example 2.
2_1
g 2 LCDis 12, multiply each term
613
2(12)  1(12)
3 1 :
FORNEGD) Reduce each fraction

502

6 2



1
Multipl
52)+1(6) Ry
8—3
1076 Add and subtract
i Our Solution
16

Clearly the second method is a much cleaner and faster method to arrive at our
solution. It is the method we will use when simplifying with variables as well. We
will first find the LCD of the small fractions, and multiply each term by this LCD
so we can clear the small fractions and simplify.

Example 3.

22 Identify LCD (use highest exponent)

LCD=2? Multiply each term by LCD

Reduce fractions (subtract exponents)

1(z?) -1 .
Multipl
(x2) — ultiply
2 _
IL‘2 1 Factor
2 —x
EFDE=1 piideout (¢ — 1) factor
z(r—1)
L I 1 Our Solution

The process is the same if the LCD is a binomial, we will need to distribute

3

L+4 ——  Multiply each term by LCD, (z +4)
5+ z+4
3(z+4)
—2(z+4
ot (2 o 4)) Reduce fractions
e +4) + =7



3—2(x+4)
5(x+4)+2

3—2xr—8
5z +20+2

—2r—5
5x + 22

The more fractions we have in
cess.

Example 4.
2 . 3 1
ab? ab3 ab
4 1
;@‘Fab—zz

LCD = a2b3

2(a?b3) N 3(a2b3) 1(a?b%)

ab? ab3 ab
213 213
o)+ ab(a2?) — )
2ab — 3a + ab?

4b2 4+ a3bt — ab?

Some problems may require us

Distribute

Combine like terms

Our Solution

our problem, the more we repeate the same pro-

Idenfity LCD (highest exponents

Multiply each term by LCD

Reduce each fraction (subtract exponents)

Our Solution

to FOIL as we simplify. To avoid sign errors, if

there is a binomial in the numerator, we will first distribute the negative through

the numerator.

Example 5.

173__x+3

% Distribute the subtraction to numerator
r+3 z—3

-3, —z-3

—Z”’ R Idenfity LCD
r—3 r+3 enity
z+3 z—3

LCD=(z+3)(x —3) Multiply each term by LCD



(x=3)(xz+3)(z—3) (—z—=3)(z+3)(xz—3)

2+3 il r—3 Reduce fractions
(x=3)(z+3)(xz—3) + (z+3)(x+3)(z—3)

x+3 r—3

(x=3)(x—=3)+(—x2—3)(x+3) FOIL
(x=3)(z—=3)+ (x+3)(x—3)
2 2 A
7" —6z+9—2"—6z—9 Combine like terms

z2—6x+9+22—-9

ﬂ Factor out  in denominator
2 — 6x
ﬂ Divide out common factor x
z(x —6)
—12
Our Solution
r—06

If there are negative exponents in an expression we will have to first convert these
negative exponents into fractions. Remember, the exponent is only on the factor
it is attached to, not the whole term.

Example 6.
-2 -1
m_t 2773 Make each negative exponent into a fraction
m+4m—2
142
’”2—:1” Multiply each term by LCD, m?
1(m?) + 2(m?)
m? 4mm2) Reduce the fractions
m(m?) + =7
ltﬂ Our Solution
m*+4

Once we convert each negative exponent into a fraction, the problem solves
exactly like the other complex fraction problems.
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7.5

Practice - Complex Fractions

Solve
14— x—1+
1) x 21) 164
1"—3&— l‘+3+—4
a—2 9
3) 1 23) x__4+2$+3
¢ 3 5
x+ 2z +3
11
-5 2 5
5) =— S
) 14l 25) 55
PR
4
7) 5 -
10 a a
5—xJr2 27) 2 7 3
b2+5+ 2
3
9) 2a—3+2 y Y
—6 y+2 y—2
23 4 29) Y4 v
y+2  y—2
T 1
:erl_; 1
1) = 2 51
x+1 T 1+l
Y
3
13) + \ 5
@2 54+a
a2 !
4a2b )
15) a+b 6) 4
16ab2 b2 -1
3 10 12
-z -= 4+
17 x 22 8 2r — 3
) I+—+5 ) Bt
N 2x -5 _3
3z —4 b—5
19) —; 10) “—
T Bz—4 E+



2a _E I —5— 18
a—1 a x+2
12) = 22) — =2
a—1 x T+ 2
_r 13
14) 39&36—2 24) c2L a;2
922 — 4 E+a—2
[_1_6 A_1_2
_;_ﬁ y2 Ty z2
16) 14—3 26) 1 3 2
ot 2 w2
E_E_l a:—l_x—i—l
18) xj T 28) z+1 z—1
5 r—1 r+1
E_Z—Hl =71 T ao1
12 :BJrl_l*{L'
- = x—1 1+x
20) _mm 30) — 15
T30 (z+1)2  (z—-1)?

Simplify each of the following fractional expressions.

22— gy2
31) $‘_1 + y—l

32) Lty

r—2_ y—2

33) x 3y —xy 3 34) 4 — 414272

x=2—y2 4—x-2
35 x_2—6x_1+9 36) $73+y73
) .T2—9 $_2—$_1y_1+y_2
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7.5

Answers - Complex Fractions

T a—3b
1) — 14) 3z +2 27) L
9) L-v 15) 2=t
y a 28) N 2z
—a ]_6) T+ 2 241
3) a+2 z—1 9
a -5 29) — =
4) 5a 17) T+9 ) y
a— (z —3)(x+5)
5) — 4 18) = sra 30) 22— 1
b 1
6) 2(2_[)) ]_9) 3z +8 31) y;yz
1
7) 2 20) r+4 2 2
> . 32) Loty
8)% 21) T+ 2 yor
1 x—7 22+ ¢2
9) -3 2) 73 33) 0
1 r—3
10) ) 23) x+4 34) 2z —1
11) Zmel 24) — ot o
) 1‘2+:B+1 Ta—4
202 —3a+3 _b-2 1+3z
12) =55 25) ~%+3 i
z rty zty
13) 2 26) p— 36) o
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