Section R.7: Rational Expressions

18. 3)-4 5 0 8 24. -4)1 0 -16 01 0 -16
12 —51 153 -4 16 0 0 -4 16
-4 17 =51 161 1 -4 001 -4 0
Remainder = 161 # 0. Therefore, x+3 is nota Remainder = 0. Therefore, x+4 is a factor
factor of —4x’ +5x* +8. x®—16x" +x* ~16.
19. 2)3 -6 0 -5 10 25, 1)2 1 0 2 -1
6 0 0 -10 2 L 0o 1
3 00-5 0 2002 0

Remainder = 0. Therefore, x—2 is a factor of

1
3xt—6x° =5x+10.

Remainder = 0; therefore x -5 is a factor of

2xt = +2x-1.

20. 2)4 0 —-15 0 -4

8 16 2 4 26. —%)3 1 0 -3 1

48 12 0 -1 0 01

Remainder = 0. Therefore, x—2 is a factor of 3 00 =32
4x* —15x" -4,

Remainder = 2 # 0 ; therefore x +% isnota

4, 3
21. _3>3 0 0 8 0 0 27 factor of 3x" +x” —3x+1.
-9 27 -81 -3 9 -27

27. =21 -2 3 5
3 -9 27 1-3 9 0

-2 8 =22
Remainder = 0. Therefore, x+3 is a factor of
6 3 1 -4 11 -17
3x° +82x° +27. 3 5
x =2x"+3x+5 2 -17
——=x" —4x+1ll+—
2. 32 0 -180 1 0 -9 x+2
6 1800 -3 9 a+b+c+d=1-4+11-17=-9
2 -6 001-3 0 28. Answers will vary.

Remainder = 0. Therefore, x+3 is a factor of
2x% —18x* +x% -9.

23 -4)4 0 -64 01 0 -I5
-16 64 0 0 -4 16
4-16 0 01 -4 1
Remainder = 1 #0. Therefore, x+3 isnota
factor of 4x° —64x* + x> -15.

Section R.7
1. lowest terms 3 o 0 —dx ) 2x(x2 _ 2)
2. Least Common Multiple x=2 x=2
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10.

11.

12.

13.

14.

15.

False;

2x0 +6x% =247 (x+3)
6x* +4x’ =247 (3x+2)
LCM =2x" (x+3)(3x+2)

3x+9  3(x+3) 3

-9 (x=3)(x+3) x-3

4x2+8x_4x(x+2)_£

12x+24  12(x+2) 3

X =2x _x(x=2) _x

3x-6  3(x-2) 3

15x° +24x _ 3x(5x+8) _5x+8
3x° 3x° X
24x  24x* 4x

1252 —6x 6x(2x—-1) 2x-1

P dx+4 (x+2)(x+2)  x42

-4  (x=2)(x+2) x-2

y -25  _ (y+5)(y-9)

2y*—8y-10 2(y ~4y-5)

_ (+3)(y-3)
2(y 5)(y+1)
_y+S
S 2(y+1)
3y —y-2 _(3y+2)(y-1) _y-I
3y?+5y+2 (By+2)(y+1) y+l
x2+4x—5=(x+5)(x—1)=x+5
2-2x+1  (=Dx-1)  x-1

x—x* _ —x(x=D) o —x . x

Px—2 (+2)(x-1) x+2  x+2
45x—14  (x+7)(x-2)

2—x h 2—x
_(x+7)(x—2)
C—1(x-2)
—(x+7)
=—x-17
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16.

17.

18.

19.

20.

21.

22,

23.

2 —
2x°+5x-3 (2x D(x+3) L (x+3)=—x—
1-2x —-12x-1)
3x+6. X :3(x+2). X
552 X -4 5xF 0 (x-2)(x+2)
__ 3
S5x(x=2)
3.2 3 x ok
2x 6x+10 2 2Bx+5) 4@3Bx+5)
4" x-64
x*-16 2x
452 (x—4)(x2+4x+16)
T (x—d)(x+4) 2x

2x-2x(x—4)(x2 +4x+16)
2x(x—4)(x+4)
2x(x2 +4x+16)

x+4

12 xX+1_ 12 (x+DE—x+1D)

T x(x+1) 2(2x-1)
2 6(x+1)(x —x+1)
a 2x(x+1)(2x-1)

X 4x 4x=2

6(x2—x+1)
x(2x-1)
4x-8 12 _4(x-2) 12
-3x 12-6x  -3x 6(2-x)
_4x=2) 2
C S3x 0 (-1)(x-2)
_8
3x
6x-27 2 3(2x-9) 2 3
5x  4x-18 5x  2(2x-9) 5x

X =3x-10 x*+4x-21

x> +2x-35 x> +9x+14
(x 5)(x+2) (x+7)(x=3)
x+7)(x-5) (x+7)(x+2)

_x=3
T x+7
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2 x2+x—6. x?-25 4-x 5
K 4dx—5 X +2x—15 29. 44;”6 =j;x-x4_16
(x-2)(x+3) (x+5)(x-5) e
T (x15)(x-1) (x+5)(x-3) ' ax (xrd)(x—d)
:(x—Z)(x+3)(x—5) T4ty 4x
(x+5)(x=1)(x-3) C(4-x)(x—4)
6 B dx
X 2
25 x*—4 _ 6x 2x+4 =_(x—4)
" 3x-9 2_4 3x-9 4x
2x+4 3
_ 6x  2(x+2) e o
(x—2:(x+2) 3(x-3) 30. 29 3-x 2.9
X 3
= 9x
(x=2)(x=3)
:3+x. 9x°
12x 3-x (x+3)(x-3)
56, 5x+20 _ 12x X —16 0,3
) 2 5x+20 442 =
jxm 4x (3—x)(x-3)
2
_ 12x  (x+4)(x—-4) :9;2
5(x+4) 452 —(x-3)
_3(x—4) _ 9
S5x (x—3)2
8x 5
. 2—1_ 8x x+l x“+7x+12 ) )
" Tlox 21 10x 31 x2—7x+12=x +7x+12 x"—x—12
x+1 X +x—12 w2 =Tx+12 x*+x-12
_ 8x 'x+1 2 —x-12
(x=1)(x+1) 10x _(x43)(x+4) (x=4)(x+3)
4 (x=3)(x—4) (x+4)(x—3)
5(x-1) _(x+3)?
(x—3)°
x=2
28. — 4x =x4—2' > 12x x> +7x+6
x" —4x+4 X x"—4x+4 7 2 4+x=6 _x2+7x+6.x2+5x+6
12x ) 12 ' 2 +5x-6 X+x-6 x*+5x-6
x— x e .
= : 5x+6
ax (x—2)(x-2 o
* (x-2)(x-2) 6 +]) (42 +3)
_ 3 T (x+3)(x-2) (x+6)(x-1)
x=2 C(x+1D)(x+2)
C(x=2)(x-1D)
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33.

34.

35.

36.

37.

38.

39.

40.

41.

2x% —x-28
3% —x—2 _2x°—x=28 3x°+1lx+6
42 +16x+7 3% —x—2 4x*+16x+7
332 +11x+6

_2x+N(x—4) Gx+2)(x+3)

T Bx+2)(x—-1) Qx+7)2x+1)

_ (x=H(x+3)
C(x=DQ2x+1D)

9x% +3x—2
120° +5x—2 _ 9% +3x—2 8x*—10x-3
9x* —6x+1 12x°+5x—2 9x* —6x+1
8x> —10x-3
_Bx+2)Bx-1) (4x+D(2x-3)
T (Bx+2)4x-1) Bx-1)GBx-1)
_ (4x+1)(2x-3)
T (4x-1(Bx-1)
_+__x+5
22 2
3.6_3-6_-3_3
X X X X
x? 4 -4 (x+2)(x-2)

2x-3 2x-3 2x-3  2x-3

2
329 :3x2—9:3(x -3)
2x-1 2x-1 2x-1 2x—1

x+1+2x—3_x+1+2x—3_3x—2
x=3 x-3 x-3 T x-3

2x—5+ x+4  2x-5+x+4 3x-1
3x+2 3x+2 3x+2  3x+2

3x+5 2x-4 _(Bx+5-(2x-4
2x—1 2x-1 2x—1
_ 3x+5-2x+4
o 2x—1
_x+9
T 2x-1
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42,

43.

44.

45.

46.

47.

48.

Sx—4  x+1 _ (5x—4)—(x+1)

3x+4 3x+4 3x+4

Sx—4-x-1
3x+4

_4x-5

C 3x+4

4 2 4x+2)  2(x-1)

1 x+2 (x—D(x+2) (x+2)(x-1)
dx+8—-2x+2
T+ —1)
2x+10
T+ 2)(x-1)
2(x+5)
T+ 2)(x-1)

2 5 2(x=5)  5(x+5)

X+5 x-5 (x+5)(x-5) (x+5)(x-5)
_ 2x-10-5x-25
(x+5)(x—5)
_ 3x-35
(x+5)(x—5)
__ 3x+35
(x+5)(x—5)

X 2x-3 _ x(x-1

+ + 2x=-3)(x+1
x+1  x-1 _(x+1)(x—1) (x=D(x+1
2

X —x+2x*—x-3
(x=D(x+1)
_3x’-2x-3
(x=D(x+1)

3x 2x  3x(x+3) 2x(x—4)

4 X143 (= (x+3)  (x—d)x+3)
_3x% +9x+2x —8x
T (x=4d(x+3)
_ 5x% +x
T (x—4)(x+3)
B x(5x+1)
C(x—4)(x+3)




x=3 _x+4 _ (x=3)(x-2) _(x+4)(x+2)
x+2 x=2 (x+2)(x=2) (x=2)(x+2)
_ x> =5x+6—(x*>+6x+8)
a (x+2)(x—=2)
_ x?—5x+6—x" —6x—8
- (x+2)(x—2)
—11x-2

49.

—~(11x+2)

x+2)x-2) & Gr2x-2)

2x=3 2x+1_(2x-3)(x+1) Cx+DH(x-1)

50. x+1  (x=D(x+D)  (x+D(x=1)

_ 2x* —x=3-(2x* —x-1)
a (x+D(x—1)

_ 2xF —x—3-2x" +x+1
B (x+D(x-1)
=2

C(x+D(x-1)

~ 2

T (x+D(x-1)

x—1

X 1 x*+x*—4

51. 2_4 x x(x2—4)

_ 2’4
x|x“—4

(+*-4)

2(x*-2)
x(x—2)(x+2)
(x—l)(x2+1)+x4

x3(x2+1)
:x3—x2+x—1+x4
x3(x2+1)

_ P S e, |
x3(x2+1)

52. + =

53. X’ —4=(x+2)(x-2)
X —x=2=(x+1)(x-2)
Therefore, LCM = (x+2)(x—2)(x+1) .

54. x° —x—12=(x+3)(x-4)
x? —8x+16=(x—4)(x—4)
Therefore, LCM = (x+3)(x—4)2.

5S.

56.

57.

S8.

59.

60.

61.
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x —x=x(x2 —l)zx(x+1)(x—l)
x2 -x=x(x-1)

Therefore, LCM = x(x + 1) (x — 1) .

3% -27 =3(x" =9) =3(x+3)(x-3)
2x% —x—15=(2x+5)(x-3)
Therefore, LCM = 3(2x+5)(x—3)(x+3) .

4x3—4x2+x:x(4x2—4x+1)
=x(2x-1)(2x-1)

2% —x =2 (2x-1)

J

Therefore, LCM = x° (2)5—1)2 .

x=3

x2+3x:x(x+3)

% —9x=x(x2 —9)=x(x+3)(x—3)

Therefore, LCM = x(x+3)(x—3).

X —x=x(x2 —1) zx(x+l)(x—1)
X =2x2 +x=)c(x2 —2)c+1)=x(x—1)2
X —1=(x—1)(x2 +x+l)

Therefore, LCM = x(erl)(x—l)2 (xz + x+1) )

)c2-+-4)c-i-4=(x-i-2)2

X +2x7 =27 (x+2)

(x+2)°

Therefore, LCM = x? (x+2)’ .

x 3 X
X =Tx+6 x*—2x—24
x X
T=6)(—1) (x-6)(x+4)
x(x+4) x(x=1)
- (x—-6)(x—D(x+4) - (x—6)(x+4)(x—1)
W Hdx—xt+x 5x

T =6+ Ha—1)  (—6)x+Hx-1)
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X x+1
x=3 x*4+5x-24
__x x+1
T (x=3) (x=3)(x+98)
_ x(x+38) x+1
T (x=3)(x+8) (x=3)(x+8)
_x2+8x—x—1_ o +7x—1
T (x=3)(x+8)  (x=3)(x+8)

62.

4x 2
-4 X*+x-6
_ 4x B 2
x-2)(x+2) (x+3)(x-2)
4x(x+3) 2(x+2)

63.

B (x=2)(x+2)(x+3) - (x+3)(x=2)(x+2)

_ 4x? +12x-2x—4
T (x=2)(x+2)(x+3)
_ 4x*+10x—4
C(x=2)(x+2)(x+3)
_2(2x7 +5x-2)
C(x=2)(x+2)(x+3)

3x  x-4  _ 3x  x—4
x=1 2 _2x+1 (x=D ()c—l)2
_ 3x(x=1 _x—4

S =D=D (-1
_3x2—3x—x+4

ICE %

_3x2—4x+4

-1’

64.

3 + 2

(x=1) (x+1)  (x=1)(x+1)’

3(x+1)+2(x-1)

(x=1)" (x+1)°
_ 3x+3+2x-2

(x—l)2 (x+1)2
_ Sx+1

(x—=1)" (x+1)°

65.
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66. 2 - 6
(x+2)° (x=1) (x+2)(x-1)
2(x-1)-6(x+2)
(x+2)* (x-1)*
_ 2x—2—-6x—-12
(x+2)2 (x—l)2
__ Ax-14
(x+2)* (x—1)°
-2(2x+7)
(x+2)* (x—1)°

2

x+4 2x+3
7. ¥-x-2 x*+2x-8
_ x+4  2x+3
C(x=2(x+1)  (x+4)(x—-2)
o (x+Hx+4 Cx+3)(x+D
T (x=2)(x+1D(x+4) B (x+d)(x=2)(x+1)

CxXP+8x+16—(2x +5x+3)
(x=2)(x+D(x+4)

_ —x? +3x+13
T (x=2)(x+1D(x+4)

2x-3 B x=2
2 +8x+7  (x+1)?
_ 2x-3 _ x—2
(DT (x+1)?
_ @x=3)(x+D)  (x=2)(x+7)
DD (D (x+T)
2x% —x—3—(x" +5x—14)
(x+D*(x+7)
_ xP—6x+l11
D)2 +7)

68.




1 2 3
69.——2 i

X x"+x x —x

:l_ 2 . 3
X x(x+1) xz(x—l)
_ x(x+1)(x=1)—2x(x—=1)+3(x+1)
x? (x+1)(x—1)

)c(x2 —1)—2x2 +2x+3x+3
K (x+1)(x-1)
_ X —x—2x*+5x+3
K (x+1)(x=1)
_ X —2x* +4x+3
x° (x+1)(x—l)

4 2x(x=1) =(x+1)(x—1)
- xz()c—l)2
x +2x(x2 —2x+1)—()c2 —1)
) xz()c—l)2
_ X420 —4xt +2x—x" +1
x? (x—l)2
3x° =5x7 +2x+1

- xz()c—l)2
- 1(#_1)_1 lx  1x+h)
" h\x+h x) h\(x+h)x x(x+h)

_1(x=x-h
_Z(x(x+h)j
_ —h

" hx(x+h)
-1

"~ x(x+h)
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73.

74.

75.
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l[ 1-x2 _1(x+h)2j
R (x+h)*x*  x*(x+h)?
l[xz—(x2+2xh+h2)j
h x> (x+h)?

_ —2xh-h’
(x4 h)>

h(=2x—h)

hx* (x+h)*

_ —2x—h

X (x+h)>

_ 2x+h

- X (x+h)?

i) ()
1+;_ x x) Ux ) x4l x  x+l

L (x 1) (x=1) 0 x o x-l x-d
X X X X

I N
2 37—
4x* +1
3x2 -1
2_x7+1 2x  x+1 2x—x—1
X ___ x X _ X
3. %1 3(x+1) x—1 3x+3+x-1
x+1 x+1  x+1 x+1
x-1
_ox _x—1 x4l
S 4x+2 x o 2(2x+1)
x+1
C(x=1)(x+1)
2x(2x+1)
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x x+1  x 1
76 1_x+1 x+1 x+1 x+1

) 2_x—1_ 2x  x-1 C(x+1
X X X X

x+4_x7—3
77. x—2 x+1
x+1
((x+4)(x+1)_(x—3)(x—2))
(x=2)(x+1) (x+D(x-2)
x+1
(x2+5x+4—(x2—5x+6)J
(x=2)(x+1)
x+1
o 10x-2 1
T (x=2)(x+1) x+1
o 2(5x-1)
C(x=2)(x+1)>

x—2_ X
78. x+1 x-2
x+3

((x—2)(x—2)_ x(x+1) )

(x+D(x=2) (x=2)(x+1)
x+3

[xz —4x+4—(x2 +x)J

(x=2)(x+1)
x+3
_ S5x+4 1
C(x=2)(x+1) x+3
_ —Sx+4
C(x=2)(x+D)(x+3)
_ —-(5x-4)
T (x=2)(x+1)(x+3)

x=2 x-1
x+2 x+1
7. X 2x-3

x+1 X

(x=2)(x+]) | (x=D(x+2)
G+ +D) T (x+D(x+2)
¥ x=3)(x+)
(x+1)(x) x(x+1)

X —x—24x"+x-2
B (x+2)(x+1)

- (xz —(2x2 —x—3)]

x(x+1)
2x% -4
RCEPE
- —x* +x+3
x(x+1)
2x*=2)  x(x+1)

T2+ —(P—x-3)
_ 2x(x* =2)
—(x+2)(x* =x=3)
“2x(x*=2)
(x+2)(x* —x=3)




2x+5 x
80. X x=3

X (x+D)’

x=-3 x+3

2x+5)(x=3)  x(x)
x(x=3) x(x=3)

( 2(x+3) _(x—3)(x+1)2J

(x=3)(x+3) (x=3)(x+3)

2x% —x—15-x2
x(x=3)

- (x3 +3x7 = (= x? —5x—3)J

(x=3)(x+3)

x*—x—15

B x(x-3)

- 4x% +5x+3
(x=3)(x+3)

_ X —x—15 (x=3)(x+3)
x(x=3)  4x* +5x+3

=(x2—x—15)(x+3)
x(4x% +5x+3)

81 1-— - =1-—!
1-= x=1
X X
X
=m0
_x-1-x
ox-1
-1
=
1 1 1
82. 1—1_ ] 1 = —
1—x 1-x 1—x
:1_1__X_1+1__x
-X X
_x+l-x
Tox
_1
T x
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3(x-1
2()6—1_l 243 2y )
83. e x=1 x-1
3(x-1)42 3 4, 3 2(x-)
x—1 x-1  x-1
2+3(x-1)
__ x—1
3+2(x-1)
x-1

2+3(x—1) x—1
x—1 .3+2(x—1)

C243(x—1) 2+43x-3

T 3+2(x—1) 3+2x-2

_3x-1

C2x+l

. 4 5 4 3(x+2)
84. 4(x+2) 3 _x42 T _x+2  x+2

3(x+2)" -1 3 3 1(x+2)
x+2 x+2  x+2

4-3(x+2)

_ x+2

3-(x+2)

x+2

_4—3(x+2) x+2

x+2  3—(x+2)
_4-3(x+2) 4-3x-6
3—-(x+2) 3-x-2
_ 3x-2 3x+2
—-x+1 x—1

(2x+3)-3-(3x-5)-2 _6x+9-6x+10

85.

(3x-5)° (3x-5)°
L)
 (3x-5)

(4x+1)-5-(5x=2)-4 20x+5-20x+8

(5x-2)° o (5x-2)
13
- (5x—2)2
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87.

88.

89.

90.

91.

x-2x—(x2+l)-1 2 —x% 1
(2+1) ()
_ x* -1
(ws1)
(x—1)(x+1)
(x2+1)2

2
x-2x—(x _4)'1 _ 25t —x?+4 _ 2 +4

)

XX +4

B (x+2)2 ()c—Z)2

(3x+1)-2x—x*-3 _ 627 +2x-32

(3x+1)° (3x+1)°
3x% +2x
(3x+1)2
_ x(3x+2)
- (3x+1)2

(2x-5)-3x* —x* -2 _ 6x° —15x2 —25°

(2x-5)° (2x-5)
4x° —15x%

(2x—5)2

B x? (4x-15)

(2x-5)

(x2+1)~3—(3x+4)-2x 3?43 642 — 81

(& +1) (& +1)
_—3x" —8x+43
(x2 +1)2
—(3x> +8x-3)
(x2 +1)2
(3x—1)(x+3)
(x2 +1)2
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(x°+9)-2-(20-5)2x 2,2 118 4x® 110x
(+o) ()
—2x” +10x+18
(x2+9)2
-2(x* =5x-9)

(x2 -+-9)2

92,

1 1 1
93. 7=(n—1)[E+R—J
1 R, +R
7:(’1_1)(—1%21-&1)
Rl'Rz
f
f 1
R-R, (n-1)(R,+R)
f= R R,
(n—1)(R, +R,)
fo_ 0102
(1.5-1)(0.2+0.1)
002 002 2

=— meters

~0503) 0.5 15

=(n-1D(R,+R)

1,1 1 _RyR+RR;+RR,
R R, R RR,R;

_ R1R2R3

" R,R,+RR,+RR,

B 5-4-10

T 4.10+5-10+5-4

9.

1
R

R




95.

96.

97.

TPRLIE 5.2 SN A
X X

1+ L =1+ ! =1+
x+1

1+1 (x+1)
X X
_ x+1+x: 2x+1

x+1 x+1
=a=2,b=1c=1

1 1 x+1
1+ =1+ =
1 [2x+1) 2x+1
1+—1 1
1+~ X+
X
_ 2x+14+x+1 3x+2
o 2x+1 0 2x+1
=a=3b=2,c=1
1 1 2x+1
1+ =1+ =1+
1 3x+2 3x+2
= 2x+1
+— o
I+~
X

_ 3x+2+2x+1 _ 5x+3
0 3x+2 3x+2
=a=5b=3,c=2
If we continue this process, the values of a, b and
¢ produce the following sequences:
a:1,2,3,5,8,13,21,....
b:1,1,2,3,5,8,13,21,.....
c:0,1,1,2,3,5,8,13,21,.....
In each case we have a Fibonacci Sequence,

where the next value in the list is obtained from
the sum of the previous 2 values in the list.

Answers will vary.

Answers will vary.

Section R.8

1.

2.

9; -9
4; |-4=4
index

True

cube root

39

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

2

S

Section R.8: nth Roots; Rational Exponents

J8=4-2=22
Ps4=27-2=32
\]3 —8x* =\/3 8x> - x =—2x%/;

Yagx® =f16x* 3x =2x43x
4/x12y8 _ 4[()(3 )4(y2)4 = Py
Ja =3(x) »* =2y

9.7
X
T ==

3 3xy2 =3 1 = %/I :i
six*y* V274 %/27x3 3x

36x = 63/x
Vorx¥ =3Vxt x =3:%x
V32 V12x = 3627 - x = 6xx
J5xv20x" =100+ =104
(V538)" = (Vs (Vo)
=5.9> =581 =5-333=1533

- (54 (5] (Vo)
=33+ .10% =333.100 = 30033



