Simplifying Rational Expressions

A rational expression is a quotient of two monomials and/or polynomials.
Examples: % x- 1 A
EXaMPIES:  —— . Faiox ' Bz v 3

Beginning Steps:
Factor out the greatest common factor (GCF), if any, in all numerators and denominators.
Factor completely all numerators and denominators.
3. Remaining steps depend on the type of problem. See examples below for three types of
problems: (1) single expression; (1) products and quotients; (I11) sums and differences.

N =

Type I: Single Rational Expression

. . W2 +w - 12
- : — .
Example #1 Simplify YT
- 2+ w - 12
Solution - % 1 there is no GCF in either numerator or denominator
w4 + 8w + 16
_ w-3) (wtd) -
= (Wtd) (W) 2. factor numerator and denominator completely
= w-3) 3 cel any like fact ting 1.
= (W) . cancel any like factors (representing 1)
. . 3x+6
Example #2 - Simplify: X3X .
. 3x+6
Solution - X
3x
3(x +2
= % 1 factor out GCF (of 3) in the numerator
+ 2
= % - (XX—) 2. there's no other factorization to be done
X+2 . .
= " 3. cancel like factors (representing 1)
Note- itisincorrect to cancel asfollows: % 1 7 sincethe 3x in 3x+6 is not afactor but aterm of the sum: 3x+6.
However, 3x+2) _ x*2 is correct.
3x X
. e 150x - 6x3
Examgle #3 - Slmpllfy m .
. 150x - 6x3
Solution - 5 - 27x - 15
6x(25 - x2
= % 1 factor out GCF of 6x in numerator and of 3 denominator
3(2x2 - 9x - 5)
_ 3e2x(5 + x) (5 - x) .
= 3@2x + 1) (x - 5) 2. factor numerator and denominator completely
B 3e2x (5 +x) (-1) (x - 5) _ .
= 32X + 1) (x - 5) 3. cancedl like factors (representing 1)
_ -2x(5 + Xx)
- 2x+1

Note: 5-x = -1(-5+x) = -1(x-5). (factoring out -1 and rewriting)



https://www.tcc.fl.edu/Current/Academics/LearningCommons/VirtualLearningCommons/Audio%20Library/Simplifying%20rational%20expressions.mp3

Type Il: Products and Quotients
. e 4x2-9  10x2+19x+6  5x +10
Example #4- Simplify: L T hr T 3
Solution - 4x2-9  10x2 +19x +6 _5x+10
B X+1 X2+ 8x+7 2x - 3
2 _ 2
= 4; T 19 . 18(X2++81Xg: Z 5 52XX+_ 130 (i) change division to mult. by the reciprocal
2x+3) (2x -3 X+7)(x+1 5(x + 2 .
= ( » 1_(1 ) - (2(x " 3; E5X " )2) - gx - 3) (i) factor completely and cancel
= W (iii) write final answer as one fraction
. . 3x-1 X2+ 2x -8
- : S .
Example #5 Simplify S Ox T =5
. 3x-1 X2+ 2% -8
Solution - 2XZ-9x-5  6X-2
3x-1 X+4)(x-2 .
= 2x+ 1) (x-5) - ( 2(3)3 f D ) (i) factor completely
= % (ii) cancel like factors
Type Ill: Sums and Differences
. _ 3y y+7 : : .
Example #6 - Add and simplify: Y +12y+20 T y2-100 (i) factor denominators & find LCD
. 3 +7 .. .
Solution - (y+10)y(y+2) o 13(’3) ) (i) LCD is (y +10)(y + 2)(y - 10)
_ 3y (y - 10) y+7 y+2) L _ _
= (y+10) (y+2) - (y - 10) (y + 10) (y - 10) - v +2) (iii) write al fractionswith LCD
_ 3y? - 30y y2 + 9y + 14 ] _
T VG010 T GFI 6+ (- 10) (V) addfractions
3y?-30y +y?2+9y + 14 ) ,
= (3+ 10)y(y ZZ) (yy_ 10) (v) if possible, factor and reduce
4y? - 21y + 14
= y+ 1g) v +y2J)r (y - 10) (vi) (cannot factor or reduce further)
Example #7 - Subtract and simplify: X*3 __ 3
’ 2X2 + 13X + 6 6x + 3
Solution - 5 1(13?;( TE 6xi 3 (i) factor all denominators and find LCD
X+3 5 .. .
= x+Dx+6) ~ 32x+1D) (i) LCDis: 3(2x + 1)(x + 6)
X+3 3 5 (X +6) . . .
= X+ D (x+6) °(§) 32X+ 1) °(x ¥ 6) (iii) writeall fractions with LCD
_ 3X+9 5x + 30 _ biract fracti
= 32x + 1) (x + 6) 32x+ 1) (x*6) (iv) subtract fractions
3x+9-5x-30 -2x - 21

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

(V) (cannot factor or reduce further)
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