MATH 19000

section 4.4 Addition and Subtraction of Rational Expressions
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Definition: The least common denominator for a set of denominators is the smallest expression that is
divisible by each of the denominators.

Additional examples

2)

4)

6)

8)

10)

12)

5 1
_+_
6 3

LCD =6=(3)(2)
5,1.5+412) 5+2 7

6 3 6 6 6
s 1

8 4

LCD =8=(4)(2)

5 1 5-12) 5-2 3
8 4 8 8 8
3 2

_+_

4

LCD =12 = (4)(3)
3,2_33+2(4)_9+6_15

43 12 12 12
6 5
28 42

LCD =42 = (14)(3)

6 5_32 5_3 5 _33-5_9-5_4_2

28 42 14(2) 42 14 42 42

LCD =12 = (6)(2) = (3)(4)
1.5 5 _14)-52)+5_4-10+5 -1

3 6 12 12 12 12
5x 2
+
5x+2 5x+2
LCD = (5x +2)
5x 2 5x 2 5x+2 _(5x+2)_1_1

22 42 21

- = + = =
5x+2 5x+2 (5x+2) (bx+2) (bx+2)

(5x+2) 1
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y+8 y+8

LCD = (y +8)
8 .,y 8 .y _8ry y+8 (y+8) 1,

y+8 y+8 (y+8) (y+8) (y+8) (y+8 (y+8 1

16) X

LCD = x* —y* = (x+y)(x-Y)
X y Xty _ (x+y) _ @ _ 1 _ 1
X2—y? X -yt X -yt (x+y)(x-y) @(x-y) (x-y) x-y

18) 2x-4 Xx-6
X+2 X+2
LCD =(x+2)
2x-4 x-6_(2x-4) (x=6) _(2x-4)-(x-6) _2x-4-x+6 _ x+2 _(x+2) 1
X+2 x+2 (X+2) (x+2) (x+2) (x+2) (x+2) (x+2) 1
3 2 1
20 —t =
) a a* a’
LCD =a’=a(a*)=a’(a)
3 2 1 3@)+2a)-1 3a’°+2a-1 (a+1)(3a-1)
PP a’ BPS N a’
22) /x=1 4x-3
3Xx+2 3x+2
LCD =(3x+2)
7x=1 4x-3_(7x-1) (4x=3)  (7x-1)-(4x-3) _7x-1-4x+3 _ 3x+2 _(3x+2) 1 _
3x+2 3x+2 (3x+2) (3x+2) (3x+2) (3x+2) Bx+2) (x+2) 1
5 4
24 —
) 3t t?
LCD =3t* = 3t(t) =t*(3)
5 4 5(t)-4(3) _5t-12
3t t 3t° 3t?
26) x+1 A4Ax+7
X—2 5x-10
LCD =5(x-2)

X+1 4Ax+7 _ (x41) (4x+7) _5(x+1)—-(4x+7) _5x+5-4x-7 x-2 _(x-2) (I _1
x—2 5x-10 (x-2) 5(x-2)  5(x-2)  5(x=2)  5(x=2) 5(x—=2) 5(1) 5
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28)

30)

32)

34)

36)

4x+2 Xx-2
3X+12 x+4

LCD =3(x+4)
Ax+2 x-2 (4x+2) (x-2) (4x+2)-3(x-2) 4x+2-3x+6  x+8
3x+12_x+4_3(x+4)_(x+4)_ 3(x+4) - 3(x+4) _3(x+4)
X+7 6

2x+12 X2 —36
LCD =2(x+6)(x—6)
X+7 6 _ (x+7) N 6 =(x+7)(x—6)+6(2)=(x2+x—42)+12
2x+12 x*-36 2(x+6) (x+6)(x—6) 2(x+6)(x—06) 2(x+6)(x—6)
X2 +x-42+412 x*+x-30  (x+6)(x-5)  (O(x-5 _ (x-5)  x-5
©2(x+6)(x—6) 2(x+6)(x—6) 2(x+6)(x—6) 2(1)(x—6) 2(x—6) 2(x—6)

1 3ab
ath @ +b°
LCD =(a+b)(a® —ab+b?)

1 3ab _ 1 . 3ab :1(a2—ab+b2)+3ab: a’—ab+Db*+3ab
a+b a*+b® (a+b) (a+b)(@®-ab+b®) (a+b)@—-ab+b*) (a+b)@ —ab+b*)
_a’+2ab+b®  (a+b)a+b)  ()(a+h)
~ (a+b)(@®—ab+b?) (a+b)(@®-ab+b?) (1)(a’-ab+b?)

(a+b)  a+b
~(@®-ab+b?) a?-ab+b?
1 18y
3y—-2 27y°-8
LCD =(3y—2)(9y* + 6y +4)

1 18y 1 18y _ 1(9y*+6y+4)-18y 9y’ +6y+4-18y
3y—-2 27y°-8 (By-2) (By-2)(9y’+6y+4) (By-2)(9y*+6y+4) (By-2)(9y*+6y+4)
_9y*-12y+4 (By-2)By-2) _ (DHBy-2)
(By-2)@y’+6y+4)  (By-2)Qy’+6y+4) (H(OY’+6y+4)

__ By-2) = 3y-2
T (9y*+6y+4) 9y +6y+4
X 2

X2 +4x+4  2+X
LCD = (x+2)* = (x+2)(x+2)
X 2 X 2 X=2(x+2)  x-2x-4 -X—4 -Xx—4

Ctdx+d 24x  (x+2)(x+2) (x+2) (x+2)(x+2) (x+2)(x+2) (x+2)(x+2) (x+2)?
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38)

40)

42)

44)

3 21

+
2t—-5 8t>-14t-15
LCD = (4t +3)(2t - 5)

3 , 21 _ 3 . 21 | 3(4t+3)+21  12t+9+21
2t-5 8t2-14t-15 (2t—-5) (4t+3)(2t-5) (4t+3)(2t—5) (4t+3)(2t—5)
12t+30  6(2t+5)

T (4t+3)(2t—5) (4t+3)(2t-5)

-3 5

2 + 2
a“+a—-2 a“—-a-=6
LCD =(a+2)(a-1)(a—3)

-3 N 5 _ -3 N 5 :—3(a—3)+5(a—1)
a’+a-2 a’*-a-6 (a+2)(a-1) (a+2)(a-3) (a+2)(a-D(@-3)
~ —3a+9+5a-5 2a+4
(@a+2)(a-1)@-3) (a+2)(a-1)(a-3)
2(a+2) ~ 2(1) 2

T @+2)(a-D@-3 O@-1@-3) (a-H@-3)

1 1

27x°—1 9x* -1
LCD = (3x+1)(3x —1)(9x* +3x +1)
1 1 1 1 13X +1)—1(9x? + 3x +1)

27 -1 9X -1 (3x-1©@x +3x+1) (x+1)(Bx-1) (Bx+1)Bx-1)(9x% +3x+1)
0 3xX+1-9%°-3x-1 —9x?
(Bx+D(3x—1)(9%* +3x+1)  (BXx+1)(Bx—1)(9x* +3x+1)

9 6

9x2 +6x-8 9x’—4
LCD =(3x+4)(3x+2)(3x—2)

9 6 9 6 _ 9(3x+2)-6(3x+4)
9% +6x—-8 9xX -4 (3x+4)(3x-2) (Bx+2)(3x-2) (3x+4)(3x+2)(3x-2)
| 27x+18-18x—-24 9x—6
T Bx+ABx+2)(Bx=2)  (3x+4)(3x+2)(3x-2)
~ 3(3x-2) ~ 3(1)
T Bx+ABx+2)(3x-2)  (3x+4)(3x+2)(1)
3

T Bx+4)(3x+2)
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46) 2 3a 2 2a
a“+7a+10 a“+6a+8
LCD =(a+5)(a+4)(a+2)
3a 2a 3a 2a _3a(a+4)-2a(a+5) 3a’+12a-2a’-10a
a’+7a+10 a’+6a+8 (a+5)(a+2) (a+4)@+2) (a+5)(@a+d)(a+2) (a+5)(a+d(a+2)
~ a’+2a B a(a+2) B a() B a
(a+5)a+4)(a+2) (a+5)(a+4)(a+2) (a+5)(a+4)(1) (a+5)(a+4)
48) 24x+1 B 2x+3
X°+5X+4 X“°+4x+3
method 1:
LCD =(x+4)(x+3)(x+1)
4x+1 Xx+3  (4x+]) (x+3)  (Ax+D(x+3)—(x+3)(x+4)
X +5x+4 X2 +4x+3  (X+4)(x+1) (x+3)(x+1)  (x+4)(x+3)(x+1)
C(AXP+13x+3) - (X +7x+12)  AX®+13x+3—x"-7x-12
N (X+4)(X+3)(x +1) (X4 D (X+3)(x+1)
3 +6x-9  3(x*+2x-3)  3(x+3)(x-1)
X+ D)(x+3)(X+D)  (X+4)(x+3)(x+D)  (Xx+4)(x+3)(x+1)
_3M(x-1) 3(x-))
C(X+D)O(x+1)  (x+4)(x+1)
method 2:
LCD = (x+4)(x+1)
4x+1 X+3  (4x+]) (x+3)  (4x+]) @
XC+5x+4 X +4x+3  (X+A)(x+1) (x+3)(x+D)  (Xx+4)(x+1) (@)(x+1)
_ (4x+]) 1 (4x+1D)-1(x+4) 4x+1-x-4
T+ A)(x+)  (x+1)  (x+H(x+D)  (x+H(x+D)
_ 3x=-3  3(x-1
T (X+4)(x+1)  (x+4)(x+1)
50) 5x+3 3x+9

2x2+5X+3 2X2+7X+6
LCD =(2x+3)(x+2)(x+1)

5x+3 3x+9  (5x+3) (Bx+9)  (Bx+3)(x+2)—(3x+9)(x+1)
2% +5x+3 2 +7x+6 (2x+3)(x+1) (2x+3)(x+2)  (2x+3)(x+2)(x+1)
_ (5X* +13x+6) — (3x* +12x+9)  5x° +13x+6—-3x" —12x -9
- (2X+3)(x+2)(x +1) T (@2x+3)(x+2)(x+1)
B 2x° +x-3 O (2x+3(x-) (O(x-1)
T @2x+3)(x+2)(x+1)  (2x+3)(x+2)(x+1)  @)(x+2)(x+1)
(x-1) x—1

- (Xx+2)(x+1) - (X+2)(x+1)



MATH 19000 section 4.4 Addition and Subtraction of Rational Expressions

-5 5 1
52) > +— +—
X“+3Xx—-4 X +2x-3 X +7x+12
LCD = (x+4)(x+3)(x-1)
-5 5 1 -5 5 1
> +— +— = + +
X“+3x—-4 X°+2x-3 X +7x+12 (x+4)(x-1) (x+3)(x-1) (x+4)(x+3)
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_ —5(x+3)+5(x+4)+1(x-1) -5x-15+5x+20+x-1

(X+4)(x+3)(x-1) (x+4)(x+3)(x-1)
3 X+4 3 (x+4)
X+ DX+)(X-D)  (X+D)(x+3)(x-1)
@ 1

T OX+3)(X=D)  (x+3)(x-1)

54) 2x+11 B X+1 B X+6
X*+9x+20 x*+7x+12 x*+8x+15
LCD = (x+5)(x+4)(x+3)

2x+11 X+1 Xx+6  (2x+11) (x+1) (x+6)

X2+9x+20 X2+7x+12 X2 +8x+15 (x+5)(x+4) (x+4)(x+3) (x+5)(x+3)
_(2X+H1ID(X+3) = (X +D)(X+5) = (x+6)(x+4)
B (X+5)(X +4)(X+3)
_(2%% +17x+33) = (X* +6X +5) — (x° + 10X + 24)
B (X+5)(X +4)(X+3)
2% +17x+33-x* —6X—5-x* —10x— 24
B (X+5)(X +4)(x+3)
B X+4 B (x+4)
T (X+5)(X+4)(X+3)  (X+5)(X+4)(x+3)
_ @ _ 1
T (X+5)M)(x+3)  (X+5)(x+3)

2

56) 3-
2X+3
LCD = (2x+3)
2 3 2 3(2x+3)-2 _6x+9-2  6x+7 _6x+7
2x+3 1 (2x+3) (2x+3) (2x+3) (2x+3) 2x+3
58) 7+i
5-t

LCD = (5-1)
;.3 7. 3 _7(5-0)+3_35-Tt+3_38-7Tt_38-Tt
5-t 1 (5-t) (5-t) (5-t)  (5-t) 5-t
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60) x-——> 41
3Xx+4
LCD = (3x +4)
N B S 1 x(3x+4)-5+1(3x+4) _3x°+4x—-5+3x+4
x4 1 Gxed) 1 (3x+4) (3x+4)
3 +7x-1 3P +7x-1
(3x+4) 3x+4
62) X 7 2

+ i
X+3 3x+9 x*+3x
LCD =3x(x+3) = (3)(x)(x+3)

x 7 2 X T 2 =x(3)(x)+7(x)—2(3)=3x2+7x—6
X+3 3x+9 x*+3x  (x+3) 3(x+3) x(x+3) 3x(x+3) 3x(x+3)
C(x+3)(Bx-2) (H(Bx-2) (3x-2) 3x-2
- 3X(x+3) - 3x(2) 3 3x
o) L, * 3
X 3Xx+9 X" +3X
LCD =3x(x+3)=(3)(x)(x+3)
i, x 8 1. x 3 :1(3)(x+3)+x(x)—3(3):3x+9+x2—9: X +3X
X 3x+9 x*+3x x 3(x+3) x(x+3) 3X(x+3) 3X(x+3) 3X(x+3)

_ X(x+3) _ ()(x+3) _ @) 1
C3x(x+3) 3(X)(x+3) 3MD) 3




