AN42 ANSWERS Section 3.1

7. Yes,afunction 8. (a) =3 (b) x> —4x—2 (¢) > +4x+1 @) —x>+4x—1 () x*-3 ®2x+h—4 9. {z z# %}
10. Yes,a function 11. (a) No (b) —1; (=2, —1) is on the graph. (¢) —8; (—8,2) is on the graph. 12. Neither
13. Local maximum is 5.30 and occurs at x = —1.29. 14. (a) —4 (b) {x|x > —4} or (—4, )
Local minimum is —3.30 and occurs at x = 1.29.
Increasing: (—4, —1.29) or (1.29,4)
Decreasing: (—1.29, 1.29)
15. (a) Domain: {x|—4 = x = 4};Range: {y|-1 =y =3} (b) (—1,0),(0,—1),(1,0) (¢) y-axis (d) 1 (e) —4and4 (B {x|-1<x <1}

® (h) y [0} y

() Even (k) (0,4)

CHAPTER 3 Polynomial and Rational Functions

3.1 Assess Your Understanding (page 199)
5. smooth; continuous 6. zero or root 7. touches 8. True 9. False 10. False 11. Yes;degree3 12. Yes;degree4 13. Yes;degree 2

3 1
14. Yes;degree 1 15. Nojx is raised to the —1 power. 16. Yes;degree 2 17. No;x is raised to the 5 power. 18. No;x is raised to the 5 power.

19. Yes;degree 4 20. No;it is the ratio of two polynomials, and the polynomial in the denominator is of positive degree. 21. Yes; degree 4
22. Yes;degree 5

23, 25. y 26. y
5_ 5_
O (—1,3)Q 9(1,3)
L 0,2)
T T Y B 3 [ A A A B .
— | _5 |
©,-3) P12 -
-1, -0 § - B
27. 29. y 30. y
5 51
(-1,1) L (0.0)
-5 (0,0)
=5
31. y 32. y 33. y 34, y
5 - 5 5
- (-2,3) 0,3)
0,1) C -1,1
|||(|| X T T A |(|’|)|||||||x [ B NS
-5 -5 L 5 -5 5 =5 5
3 _ - 2,—-15
(3 -D] P (1.9 (0,-2.5) (1’(72) )
(=2.-3)
L5 -5 =5
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3s.

45.

56.

65.

68.

ANSWERS Section3.1 AN43

YhA(15) 36. y 37. f(x) =x>—3x> — x + 3fora =1
T2 (-2.3) O 38. f(x) =x*—3x> —4x + 12fora =1
= (3,3) ’ = (-1,2) 39. f(x) =x*— x> = 12xfora =1
B (-3.2) B 40. f(x) = x>+ 2x> — 8xfora =1
f— "";x e ""gx 41. f(x) = x* — 15x% + 10x + 24 fora = 1
B B 2. f(x) = x*—3x> — 15x + 19x + 30fora = 1
- o 43, f(x) = x> = 5x* + 3x + 9fora = 1
sk L 5 44, f(x) = x* — 12x — 16fora = 1

(a) 7, multiplicity 1; —3, multiplicity 2 (b) Graph touches the x-axis at —3 and crosses it at 7. (¢) Near —3: f(x) = —30(x + 3)2; Near 7:
f(x) =300(x —7) d)2 (e) y= 3x> 46. (a) —4, multiplicity 1; —3, multiplicity 3 (b) Graph crosses the x-axis at —4 and —3. (c¢) Near
—4: f(x)  —4(x + 4); Near —=3: f(x) ~ 4(x + 3)> (d) 3 (e) y =4x* 47. (a) 2, multiplicity 3 (b) Graph crosses the x-axis at 2

(¢) Near2: f(x) = 20(x —2)° (d) 4 (e) y = 4x> 48. (a) 3, multiplicity 1; —4, multiplicity 3 (b) Graph crosses the x-axis at —4 and 3.

(¢) Near —4: f(x) = —14(x + 4)3; Near 3: f(x) =~ 686(x —3) (d) 3 (e) y = 2x* 49, (a) —%,multiplicityZ (b) Graph touches the x-axis
2

at —%. (¢) Near —%z f(x) = —36.125<x + %) a5 (e) y= —2x°%  50. (a) %,multiplicity 2; 1, multiplicity 3 (b) Graph touches the

x-axis at 1 and crosses it at 1. (¢) Near l: flx) = -8
3 3 27

multiplicity 2 (b) Graph touches the x-axis at —4 and crosses it at 5. (c) Near —4: f(x) = —729(x + 4)% Near 5: f(x) =~ 81(x — 5)°

d 4 (e) y=x> 52. (a) —\/g, multiplicity 2; 2, multiplicity 4 (b) Graph touches the x-axis at —\V/3and2. (¢) Near

-\V3: flx) = 194(x + \/5)2; Near 2: f(x) =~ 13.93(x - 2)4 (d) 5 (e) y==x° 53. (a) Norealzeros (b) Graph neither crosses nor

touches the x-axis. (¢) Norealzeros (d) 5 (e) y = 3x° 54. (a) Noreal zeros (b) Graph neither crosses nor touches the x-axis. (¢) No

realzeros (d) 5 (e) y = —2x% 55. (a) 0, multiplicity 2; —\6, \6, multiplicity 1  (b) Graph touches the x-axis at 0 and crosses at —\/i

and V2. (¢) Near —V/2: f(x) ~ 11.31(x + V2); Near 0: f(x) ~ 4x% Near V2: f(x) = —1131(x — V2) @ 3 (e) y = —2x*

(a) 0, multiplicity 1; —\/5, \/g, multiplicity 1  (b) Graph crosses the x-axis at —\/'3, 0, and \/3 (¢) Near —\/5: flx) = 24(x + \/37),

Near 0: f(x) ~ —12x; Near \@:f(x) ~ 24(x - \/5) (d) 2 (e) y=4x® 57. Could be;zeros: —1, 1,2; Least degreeis 3 58. Could be;

zeros: —1,2; Least degree is4 59. Cannot be the graph of a polynomial; gap at x = —1 60. Can’t be;cuspatx = 0 61. c,e,f 62. c,e,f

63. c,e 64. d,f

1\ 4
(x - 5) ;Near 1: f(x) =~ g(x = 1)° (@ 4 () y=x" 5L (a) 5 multiplicity 3; —4,

(a) x-intercept: 1; y-intercept: 1 66. (a) x-intercept: 2; y-intercept: —8 67. (a) x-intercepts: 0, 3; y-intercept: 0
(b) Touches at 1 (b) Crosses at 2 (b) Touches at 0; crosses at 3
© y=x (© y=x (© y=x
@1 d) 2 d) 2
(e) Near 1: f(x) = (x — 1) (e) Near2: f(x) = (x — 2)° (e) Near 0: f(x) ~ —3x% Near 3:
F(x) % 9(x = 3)
® y

16 (4,16)

(0,0)
-5
(-1,-4) P
(a) x-intercepts: —2, 0; y-intercept: 0 69. (a) x-intercepts: —4, 0; y-intercept: 0 70. (a) x-intercepts: 0, 1; y-intercept: 0
(b) Touches at —2; crosses at 0 (b) Crosses at —4,0 (b) Crosses at 0 and 1
©y=2x © y=6x* © y =5z
d) 2 (d) 3 (d) 3
(e) Near —2: f(x) =~ —2(x + 2)% (e) Near —4: f(x) ~ —384(x + 4); (e) Near 0: f(x) =~ —5x;
Near 0: f(x) = 4x Near 0: f(x) ~ 24x°. Near 1: f(x) ~ 5(x — 1)%.
®) y ) Y,
(—5.750) 800 70

-3 g 3

= _\\u 0
40 T+ =30 (1 _s
(=2, —96) (2’ 16)
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AN44 ANSWERS Section 3.1

71. (a) x-intercepts: —2, 0; y-intercept: 0 72. (a) x-intercepts: —4, 0; y-intercept: 0 73. (a) x-intercepts: —4, 1, 2; y-intercept: 8
(b) Crosses at —2; touches at 0 (b) Crosses at —4 and 0 (b) Crosses at —4, 1,2
© y = —4x © v = @ y=
) 2 ) 3 ) 2
(e) Near —2: f(x) = —16(x + 2); (e) Near —4: f(x) =~ 32(x + 4); (e) Near —4: f(x) =~ 30(x + 4);
Near 0: f(x) ~ —8x° Near 0: f(x) ~ —2x3 Near 1: f(x) = =5(x — 1);
Near 2: f(x) = 6(x — 2)
®) ® y ®
| (=3,135 1
- (—2.8) B
B (—4,0) 0,0
, [0, 0) X =5 T“““%’
B 5
5 (_1,_4)_1 (1,712)5 _ak (.-3)
74. (a) x-intercepts: —4, —1, 3; y-intercept: =12 75. f(x) = 4x — x*> = —x(x* — 4) 76. f(x)=x—x>=—x(x* - 1)
(b) Crosses at —4, —1, and 3 = —x(x +2)(x —2) =—x(x—1)(x +1)
(¢) y= x° (a) x-intercepts: —2, 0,2; y-intercept: 0 (a) x-intercepts: —1, 0, 1; y-intercept: 0
) 2 (b) Crossesat —2,0,and2 (¢) y = —x? (b) Crossesat —1,0,and1 (¢) y = —x3
(e) Near —4: f(x) = 21(x + 4); d) 2 d) 2
Near —1: f(x) = —12(x + 1); (e) Near —2: f(x) =~ —8(x + 2); Near 0: (e) Near —1; f(x) = —2(x + 1); Near 0:
Near 3: f(x) ~ 28(x — 3) f(x) = 4x; Near 2: f(x) = —8(x — 2) f(x) = x;Near 1: f(x) = —2(x — 1)
® y
10
(=2.6)

-10
77. (a) x-intercepts: —2, 0,2; y-intercept: 0 78. (a) x-intercepts: —4, 0, 3; y-intercept: 0 79. (a) x-intercepts: —2, 2; y-intercept: 16
(b) Crosses at —2, 2; touches at 0 (b) Crosses at —4 and 3; touches at 0 (b) Touches at —2,2
©y=x" @3 ©y=x" @3 © y=2x'
(e) Near —2: f(x) ~ —16(x + 2); (e) Near —4: f(x) = —112(x + 4); @ 3
Near 0: f(x) ~ —4x%; Near 0: f(x) ~ —12x% (e) Near —2: f(x) ~ 16(x + 2)%
Near 2: f(x) = 16(x — 2) Near 3: f(x) = 63(x — 3) Near 2: f(x) ~ 16(x — 2)?
® y ® y
80 30
C (-3,25) (3.25)
(—3.45) - ©.16)
- (1,9
(=2, 0\0, O (—1,9)
s A" A L X
(-1, -3)7=20 -5 0 Leo s
(=2,00 —10F
80. (a) x-intercepts: —1, 3; y-intercept: —3 81. (a) x-intercepts: —1, 1, 3; y-intercept: —3 82. (a) x-intercepts: —1, 1, and 3; y-intercept: 3
(b) Crosses at —1 and 3 (b) Crosses at —1, 3; touches at 1 (b) Touches at —1; crosses at 1 and 3
© y=x' ©y=x" @3 ©y=x" @3
(d) 3 (e) Near —1: f(x) = —16(x + 1); (e) Near —1: f(x) ~ 8(x + 1)%
(e) Near —1: f(x) ~ —4(x + 1) Near 1: f(x) ~ —4(x — 1)% Near 1: f(x) = —8(x — 1);
Near 3: f(x) ~ 64(x — 3) Near 3: f(x) = 16(x — 3) Near 3: f(x) = 32(x — 3)
® v ® ® y
70 80

(©, -3)
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83. (a) x-intercepts: —2, 4; y-intercept: 64
(b) Touches at —2 and 4

© y=x*

d 3

(e) Near —2: f(x) ~ 36(x + 2)%
Near 4: f(x) ~ 36(x — 4)°

®

(5,49)

" SR

4,00 7

1
s —10|—

86. (a) x-intercepts: —4, 0; y-intercept: 0
(b) Crosses at —4; touches at 0
©y=x
d) 4
(e) Near —4: f(x)

Near 0: f(x) =
)

—~
|
el
w
=]
i
rT T T T T TT

(1,10)

-5 (0,00 5

89. (a) Degree 3;y = x
(b) 10

-10

(¢) x-intercepts: —1.26, —0.20, 1.26;
y-intercept: —0.31752

84. (a) x-intercepts: —4, —2, 2; y-intercept: 32
(b) Crosses at —4, —2; touches at 2
©y=x" @3
(e) Near —4: f(x) = —=72(x + 4);

Near —2: f(x 32(x + 2);

) =~
Near 2: f(x) ~ 24(x + 2)?

(=3, —25) =50

87. (a) x-intercepts: —1, 0, 1; y-intercept: 0
(b) Crosses at 1;touches at —1 and 0
©y=-x @4
(e) Near —1: f(x) =~ 2(x + 1)%

Near 0: f(x) ~ x%
Near 1: f(x) = —4(x — 1)

- (53)
B 2732
B N

(2, —=36)

—36

(d) Above on (—1.26, —0.20) and (1.26, c0);
below on (—00, —1.26) and (—0.20, 1.26)

B |
15 ~.Haii
-k N1z
0 =217C
1.5 1161

YRR EHEL 2215

(e) Local maximum at (—0.80, 0.57);
local minimum at (0.66, —0.99)

ANSWERS Section3.1 ANA45

85. (a) x-intercepts: 0, 2; y-intercept: 0
(b) Touches at 0; crosses at 2
(© y=x
(d) 4
(e) Near 0: f(x) ~ —6x%
Near 2: f(x) ~ 28(x — 2)
® v
160

(3, 108)

-5 (0, 0)
(—-1,-12)

-(1,—-4) 5

88. (a) x-intercepts: —2, 0, 2, 5; y-intercept: 0
(b) Touches at 0; crosses at —2, 2, and 5
©y=-x @4
(e) Near —2: f(x) = —112(x + 2);

Near 0: f(x) ~ —20x%
Near 2: f(x) =~ 48(x — 2);
Near 5: f(x) = —=525(x — 5)

® y
200

=]
IIII‘wIIII

(5.0

® 4 (~05,040)
(—0.80,0.57) 1.5,1.13)
(-1.26,0)
(-1.5,-0.86)
(0.66, - 0.99)
(~020,0)72[ (0.-032)

(g) Increasing on (—o0, —0.80) and
(0.66, 0); decreasing on (—0.80, 0.66)

90. (a) Degree 3;y = x°
(b) 7

(¢) x-intercepts: —2.16, 0.8,2.16
y-intercept: 3.73248

@ = ea
-8 Y
-1 E.7B
1 114

Y1ERF+2. DERE—3. .

Above on (—2.16, 0.8) and (2.16, 00);
below on (—o0, —2.16) and (0.8,2.16)

(e) Local maximum at (—1.01, 6.60); local
minimum at (1.54, —1.70)

® (~1.01, 6.60)
(0.8,0)

(2.5.2.69)
(2.16,0)
X
(1.54, -1.70)

315, -1.69)

(-2.25,-121)~

(g) Increasing on (—o0, —1.01) and
(1.54, 00); decreasing on (—1.01, 1.54)
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91. (a) Degree3;y = x 92. (a) Degree3;y = X 93. (a) Degree4;y = x*
(b) 10 (b) 15 (b) 10

-3 i 3
—30
-10 -2
(¢) x-intercepts: —3.56, 0.50; y-intercept: 0.89 (¢) x-intercepts: —0.9; 4.71; y-intercept: (¢) x-intercepts: —1.5, —0.5, 0.5, 1.5;
(d) T —3.8151 y-intercept: 0.5625
T gy T @ E
EE | zEEEE ;2 e 1.7E [z.zBEz
P |ainEE o |
fee |2fEE2
Y EEE-HE, BHE—d. 6. ’ :
YBRF-2.91HE-F. .. B d—2.5%E+H, ..
Above on (—3.56,0.5) and (0.5, o0); Above on (4.71, 00); below on Above on (—o0, —1.5), (=0.5,0.5),
below on (—00, —3.56) (=00, —0.9) and (—0.9,4.71) and (1.5, 0); below on (—1.5, —0.5)
and (0.5,1.5)
(e) Local maximum at (—2.21, 9.91); local (e) Local maximum at (—0.9, 0); local (e) Local minima at (—1.12, —1), (1.12, —=1);
minimum at (0.50, 0) minimum at (2.84, —26.16) local maximum at (0, 0.56)
® ® (®
—2.21,9. YA (—1,5.76 YA(0,—3.82) _ Y
(=2.21,9.91) .  ( ) 2 (—175.2.29) 3} (0, 0.356)
(=09.0) (5,10.09)
(1, 114) =
(—2,—8.12) (471,0)
—30 2.84,-26.16)
(2, —22.79)
(g) Increasing on (—o0, —2.21) and (g) Increasing on (—o0, —0.9) and (g) Increasing on (—1.12,0) and (1.12, 0);
(0.50, o0); decreasing on (—2.21, 0.50) (2.84, 00); decreasing on (—0.9, 2.84) decreasing on (—o0, —1.12) and (0, 1.12)
94. (a) Degree 4;y = x* (d) H ) (0, 50.26)
(b) 60 im z (-1.82,0) 1 (425, 42.36)

o
-2.E
LB
H

.26

Zh.2

1, |di i

/\ HEE | 4z3E (—4,10.26)

(—3.90, 0)

-5 U \-J 5 T ER4-18, TRETD,, (390,0)
=5

Above on (—00, —3.90), (—1.82, 1.82), (—2.5,-26.3)

and (3.90, 00); below on (—3.90, —1.82)

and (1.82,3.90)

(2.5,-26.3)
(—3.04,-35.30) 40~ (3.04, -35.30)

(¢) x-intercepts: —3.90, —1.82, 1.82, 3.90; (e) Local minima at (—3.04, —35.30), (3.04, —=35.30);  (g) Increasing on (—3.04,0) and (3.04, o©);

y-intercept: 50.2619 local maximum at (0, 50.26) decreasing on (—o0, —3.04) and (0, 3.04)
Ly = b
95. (a) Degree 4;y = 2x @ = 1en ® (-125,422) 2} (175,1.83)
(b) 6 EE | WEEIT Sr
0
ire [ 1834
\ / (-1.07,0)
9 5 [Py e me

Above on (—0o0, —1.07) and
=5 (1.62, 0); below on (—1.07, 1.62)

(—0.42, —4.64) WAL

(¢) x-intercepts: —1.07, 1.62; y-intercept: —4 (e) Local minimum at (—0.42, —4.64) (g) Increasing on (—0.42, c0);
decreasing on (—00, —0.42)
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96. (a) Degree 4;y = —1.2x* 97. (a) Degree5;y = -2x° 98. (a) Degree5;y = x>
(b) 5 (b) 10 (b) 5

AN _2\ ) L /2
R N /

-5 -10 -5
(¢) x-intercepts: —1.47, 0.91; y-intercept: 2 (¢) x-intercept: —0.98; y-intercept: -\2 (¢) x-intercept: —0.71; y-intercept: 1
(d) % | E&l (d T (d T
17 | c3EEE 125 | 27296 125 | -x.0EF
-Hl | 3ELHE ] ~1.41y ] 1
128 | *EE40
Y1B -1, ZH7 4+, SR VB -ZR ST ZaRE, W1 B Sama e+ T
Above on (—1.47,0.91); below on Above on (—00, —0.98); below on Above on (—0.71, 00 ); below on
(=00, —1.47) and (0.91, o) (—0.98, 00) (=00, -0.71)
(e) Local maximum at (—0.81,3.21) (e) None (e) None
® ¥ ® Y, ® Y,
SF 10 Mg
(-0.81,321) "L \/ B
(—1.25,3.73) _/(—0.98,0) —0.71 /0.1
! ! L X (|07’|02/ (O’l) X
-2 S 2 -2 L
(0, —v2) L
(1.25,-2.31) B L
—10F (-1.25,-3.08)
(g) Increasing on (—00, —0.81); (g) Decreasing on (—00, ) (g) Increasing on (—00, 00)
decreasing on (—0.81, o)
99. (a) Cubic,a > 0 (e) 150 100. (a) Cubic,a > 0 © 739
150 230
o a M7 :
o g a -1 11 o
> c ol g
-1 11 ol g 100
0 (f) About $171,000 100 (f) About $176,000
(g) Fixed costs of about $10,200 (b) About $3.17 per textbook  (g) Fixed costs of about $98,400
(b) $7000 per car (c) $20,000 per car (¢) $1.85 per textbook
(d) C(x) = 0.2156x> — 2.3473x% + 14.3275x + 10.2238 (d) C(x) = 0.01546x> — 0.5951x> + 9.1502x + 98.4327
101. (a) Cubic,a > 0 102. (a) Cubic,a <0
2000 15
0l 14 0l 10
0 0
(b) T(x) = 1.2582x% — 28.6146x> + 139.5808x + 1453.2098 (b) M(x) = —0.0154x> + 0.2130x* — 0.8978x + 13.1548
(¢c) 2000 (¢ 15
01 14 01 10
0 0
(d) About 1,738,000 thefts (d) About 3600 miles

103. No;yes 107. f(x) = int(x); g(x) = |x| 108. (a)-(d)
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3.2 Assess Your Understanding (page 211)

5. y=1 6. x=—1 7 Proper 8. False 9. True 10. True 11. All real numbers except3; {x|x # 3}  12. All real numbers except
—3; {x|x # =3} 13. Allreal numbers except 2 and —4; {x|x # 2, x # —4} 14. All real numbers except —3 and 4; {x|x # —3,x # 4} 15. All

1
X # 3 X # —2} 17. All real numbers except 2;

1 1
X #——,x#3 16. All real numbers except - and —2; {x

1
real numbers except —— and 3; {x > 3

2

{x|x # 2} 18. All real numbers except —1 and 1; {x|x # —1,x # 1} 19. All real numbers 20. All real numbers 21. All real numbers
except —3 and 3; {x|x # —3,x # 3} 22. All real numbers except —2; {x|x # —2} 23. (a) Domain: {x|x # 2}; Range: {yly # 1} (b) (0,0)
(¢) y=1 (d) x=2 (e) None 24. (a) Domain: {x|x # —1}; Range: {yly >0} () (0,2) (¢) y=0 (d) x=-1 (e) None 25. (a)
Domain: {x|x # 0}; Range: all real numbers (b) (—1,0),(1,0) (¢) None (d) x =0 (e) y =2x 26. (a) Domain: {x|x # 0}; Range:
{yly = -2,y =2} (b) None (¢) None (d) x=0 (e) y=—x 27. (a) Domain: {x|x # —2, x # 2}; Range: {yly =0,y > 1}

() (0,0) (¢) y=1 (d) x=-2,x=2 (e) None 28. (a) Domain: {x|x # —1, x # 1}; Range: all real numbers (b) (0,0) (c¢) y =0
d) x=-1,x =1 (e) None

x=0 31. [ 32. y
10 4 : 5
| L
3 : x=0F
A 2 T I N I T e
- O | Fy=03
L y=3 19| 2,1 L
i1 X L1 : | L X :_5
5 y=0 [ | 5
x=1
x=-2Yy 35. x=-2y
5k [ -
n Pk y=0
- -5 : - 5
u 3,0 Vi D¢-1,-1)
L | L
| Tl = | L
27 0 o
ok :—8—
- y=2__
L1
- 5
- =5

x=0
41. Vertical asymptote: x = —4 horizontal asymptote: y = 3; 42. Vertical asymptote: x = 6 horizontal asymptote: y = 3; 43. Vertical asymptote:
x = 3; oblique asymptote: y = x + 5 44. Vertical asymptotes: x = 2, x = 3; horizontal asymptote: y = —1 45. Vertical asymptotes: x = 1,
x = —1 horizontal asymptote: y = 0; 46. Vertical asymptote: x = 1 47. Vertical asymptote: x = 0 horizontal asymptote: y = 0;
48. Vertical asymptotes; x = 0, x = —2 horizontal asymptote: y = 0; 49. Vertical asymptote; x = 0 oblique asymptote: y = 3x; 50. Vertical

1
asymptotes: x = 3 x = 2 horizontal asymptote: y = 2; 51. Vertical asymptote: x = 0 oblique asymptote: y = —(x + 1); 52. Vertical
asymptotes x = —1, x = 0 horizontal asymptote: y = 0; 53. (a) 9.8208 m/sec’  (b) 9.8195 m/sec® (c) 9.7936 m/sec® (d) h-axis
54. (a) 25 (b) Approximately 596 (c¢) y = 2500
3.3 Assess Your Understanding (page 227)

2. inlowest terms 3. False 4. False 5. False 6. True
7. 1. Domain: {x|x # 0, x # —4}; no y-intercept 2. R is in lowest terms; x-intercept: —1 3. R is in lowest terms; vertical asymptotes: x = 0, x = —4
4. Horizontal asymptote: y = 0, intersected at (=1, 0)

> e -1 9 7
Interval (—oo, —4) (—4,-1) (—1,0) (0, »)
Number Chosen | —5 -2 - % 1
Value of R R(-5)=—1 R(-2) =1 rR(-1)=-2 |ra)=2
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph (—5’7% (—2, %) (—%,—%) (1, 2)
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8. 1. Domain {x|x # —2, x # 1}; y-intercept:0 2. R is in lowest terms; x-intercept:0 3. R is in lowest terms; vertical asymptotes: x = 1, x = —2
4. Horizontal asymptotes: y = 0, intersected at (0, 0)
S. -2 0 1 7.
Interval (=, —=2) (—2,0) 0, 1) (1, )
Number Chosen | —3 -1 % 2
Value of R R-3)=-3 |R-D=13 R =-1 RQ2) =1
Location of Graph| Below x-axis Above x-axis Below x-axis Above x-axis
: 3 1 1 2 1
Point on Graph (—3,—1) (—1, 3 (E — 3) (2, 5)

3(x +1 3
9. 1. R(x) = ﬁ; domain: {x|x # 72};y-intercept:1 2. Risin lowest terms; x-intercept: —1 3. R is in lowest terms; vertical asymptote:
3
x = —2 4. Horizontal asymptote: y = > not intersected
S. -2 —1 7.
Interval (—o0, —=2) (—2,—1) (—1, )
Number Chosen | —3 - % 4
Value of R R(-3) =3 R(-3) =3 RO) =3
Location of Graph | Above x-axis Below x-axis Above x-axis
Point on Graph (—3,3) (—% ,—%) (O, %)
2(x +2) . . . . . .
10. 1. R(x) = -1 domain {x|x # 1}; y-intercept: —4 2. Ris in lowest terms; x-intercept: =2 3. R is in lowest terms; vertical asymptotes:
x =1 4. Horizontal asymptotes: y = 2, not intersected
5. -2 1 7.
Interval (—%, —2) (=2,1) (1, )
Number Chosen -3 0 2
Value of R R(-3)=1 R(O) = —4 R2)=8
Location of Graph | Above x-axis Below x-axis Above x-axis
Pointon Graph | (~3, 3) 0, —4) @,8)
3 . . 3 - . - .
11. 1. R(x) = m; domain: {xIx # —2,x # 2}; y-intercept: 7 2. Risin lowest terms; no x-intercept 3. R is in lowest terms; vertical
asymptotes: x = 2, x = —2 4. Horizontal asymptote: y = 0, not intersected
5. -2 2 7. x=-2y) x=2
® ® [N S
| |
Interval (=, —=2) (=2,2) (2, ) | |
-3/ I\G3})
Number Chosen -3 0 3 | | .
[ [ -0
Value of R R(-3)=13 RO)= 3 R3) =1 I B Y
Location of Graph | Above x-axis Below x-axis Above x-axis (0, - %) : L\:
i _3 3 _3 3 =2 I
Point on Graph ( 3, 5) (0, 4) (3, 5) | 2 |
12. 1. R(x) = m; domain {x|x # —2, x # 3}; y-intercept: —1 2. Ris in lowest terms; no x-intercept 3. R is in lowest terms; vertical
asymptotes: x = —2,x = 3 4. Horizontal asymptote: y = 0, not intersected
5. -2 3 7. x=-2 x=3
T T 1y |
Interval (—, —2) (-2.3) 3. B
Number Chosen | —3 0 4 (=3,1) : - : (4,1)
| |
Value of R R(-3)=1 RO) =—1 R(4) =1 Sy -0
Location of Graph | Above x-axis Below x-axis Above x-axis 0. =D~ 7"'\ :
| |
Point on Graph (=3,1 0,—1) 1) : 2 :
| |
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Y2+
13. 1. P(x) = m; domain: {x|x # —1,x # 1}; y-intercept: —1 2. P is in lowest terms; no x-intercept 3. P is in lowest terms; vertical
asymptotes:x = —1,x = 1 4. No horizontal or oblique asymptotes
5. -1 1 7. y
® d o :
Interval (=0, —1) (-1, 1) (1, ) [N
(G- )R )]
Number Chosen -2 0 2 : B :
(| I I
Value of P P(-2)=17 PO) = —1 P2)=1 -5 LB\ | 5
i\
Location of Graph | Above x-axis Below x-axis Above x-axis o, _1)/:m
Point on Graph (=2,7) O, —1) 2,7) : B :
x=-1 1x=1
(F+Dx+ (> - 1) ) . 1 . . .
14. 1. O(x) = ; domain {x|x # —2,x # 2}; y-intercept: — 2. Q isin lowest terms; x-intercepts: —1,1 3. Q is in lowest
(x +2)(x = 2) 4
terms; Vertical asymptotes: x = —2, x = 2 4. No horizontal or oblique asymptotes
5. -2 ~1 1 2 7. x=2 x=2
° ° ® . 1y |
[ |
Interval (=00, =2) (=2,-D (=1L 1 1,2 (2,) (-3,16) : L : (3, 16)
Number Chosen | —3 —% 0 % 3 I :
[ |
Value of Q 0(=3)=16 Q(—%) ~=-23 0(0) = }; Q(%) ~ =23 03) =16 : - : (O, %)
Location of Graph | Above x-axis Below x-axis Above x-axis Below x-axis Above x-axis : o
. 3 1 3
Point on Graph | (=3, 16) (-3, —2.3) ©, p (G, —2.3) (3, 16) 3 o
|
(x =12+ x+1) ) ) 1 o ) o
15. 1. H(x) = (x + 3)(x - 3) ; domain: {x|x # =3, x #3}; y—mtercept:§ 2. Hisin lowest terms; x-intercept: 1 3. H is in lowest terms;

11
vertical asymptotes: x = 3, x = —3 4. Oblique asymptote: y = x, intersected at (5’ §>

5. -3 1 3 7 x
Interval (—o0, =3) (=3, 1) (1,3) (3, )
Number Chosen | —4 0 2 4
Value of H H(-4)~-93 |HO) =4 HQ2)=—14 H@4) =9
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph | (—4, —9.3) (0, é) 2, -14) 4.9

(-4,-9.3)
7(x+1)(x2—x+1)

16. 1. G(x) = (x +2) ; domain {x|x # —2, x # 0}; no y-intercept 2. G is in lowest terms; x-intercept: =1 3. G is in lowest terms;
x(x
vertical asymptotes: x = 0, x = —2 4. Oblique asymptote: y = x — 2, intersected at (—0.25, —2.25)
S. ) 1 0 7.
Interval (=00, =2) (-2,-1) (—1,0) (0, )
Number Chosen | —4 —1.5 —0.25 1
Value of G G(—4) = —-7875| G(—15) =32 |G(—0.25) = —2.25| G(1) = %
Location of Graph| Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph (—4, —7.875) (—1.5,3.17) (—0.25, —2.25) |1, %)
(—4, -7
2
17. 1. R(x) = m; domain: {x # —3,x # 2}; y-intercept: 0 2. R isin lowest terms; x-intercept: 0 3. R is in lowest terms; vertical
x X —
asymptotes: x = 2, x = —3 4. Horizontal asymptote: y = 1, intersected at (6, 1)
5. -3 0 2 . N
. . . (Y|
(63) f1 M Rh(52)
Interval (=, =3) (—=3,0) 0, 2) (2, ®) _: JI_ > 2
=1-———-d-—1- =
Number Chosen | —6 -1 1 3 Y | G
X
— =1 =— =
Value of R R(—6) = L5 R(-1)=—¢ R(1) = —0.25 R3)=15 3 ! 0.0
Location of Graph| Above x-axis Below x-axis Below x-axis Above x-axis : -\
I I
Pointon Graph | (6, 1.5) (-1.-Y (1, —0.25) 3, 1.5) y-2f |
x=-3 x=2
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x+4)(x —3
. 1. X) = —————;domain {x|x # =2, x # ; y-Intercept: . R 1s 1in lowest terms; x-intercepts: 3, — . R 1s 1n lowest terms;
18. 1. R E+2;§ Z;d i | 2 2 i pt:3 2. Risinl i pts:3,—4 3. Risinl
X x =
vertical asymptotes: x = =2, x = 2 4. Horizontal asymptote: y = 1, intersected at (8,1)
5. —4 -2 2 3
Interval (=00, —4) (—4,-2) (=2,2) (2,3) (3, )
Number Chosen | —7 -3 0 2.5 8
Value of R RC-7)=3% R(-3)=-12 |RO)=3 R(25)=—144 |R®) =1
Location of Graph| Above x-axis Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph (-7, %) (-3,-12) ,3) (2.5, —1.44) @8, 1
7. " y
|
|
(0,3) L
40 _ | =1
=5 |
|
|
|
(-
| 5
19. 1. G(x) = m; domain: {x|x # —2,x # 2}; y-intercept: 0 2. G is in lowest terms; x-intercept: 0 3. G is in lowest terms; vertical
asymptotes: x = —2,x = 2 4. Horizontal asymptote: y = 0, intersected at (0, 0)
5. -2 0 2 7. L
. . . 2F
Interval (=, —=2) (—2,0) 0,2) (2, ®) ( X 1) : i : (3 g)
Number Chosen | —3 -1 1 3 3 | : § Sx
[ I [ =0
Value of G G(-3)=-1 G- =1 G()= -1 G3) =1 0,0 % 4 Y
3 -3 L 1
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis ( 3 5) : : (1’ _5)
Point on Graph (—3, —%) (—1, %) (1, _%) (3’ %) : ok :
x=-2 x=2
3
20. 1. G(x) = W){x—l); domain {x|x # —1,x # 1}; y-intercept: 0 2. G is in lowest terms; x-intercept: 0 3. G is in lowest terms; vertical
asymptotes: x = —1,x = 1 4. Horizontal asymptote: y = 0, intersected at (0, 0)
5. -1 0 1 7. x=-1 x=1
. . . :y :
Interval (=, —1) (—1,0) O, 1) (1, %) (,l 2) ML
2’ | |
Number Chosen | —2 —% % 2 (. 0)\1 : (2,2)
Value of G G(-2) = —2 G(-H=2 GH)=-2 GQ2)=2 N Y : =0
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis (=2, -2) : JI‘\ ( 1 _2)
3
Point on Graph (=2, -2) (*%, 2) (%, —2) 2,2) : I 5
[
3 3
21. 1. R(x) = -+ 20— 2) ; domain: {x|x # 1,x # =2, x # 2};y—intercept:z 2. Risin lowest terms; no x-intercept 3. R is in lowest
terms; vertical asymptotes: x = —2,x = 1,x = 2 4. Horizontal asymptote: y = 0, not intersected
5. -2 1 2 7. x=-2
Interval (=, =2) (=2,1) (1,2) (2, %) (0 3)%@
>4
Number Chosen | —3 0 1.5 3 |
Value of R R-3)=-2 |RO)=3 R15=-2  |RG) =15 (5 g)j'i
> 720
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis
Pointon Graph | (—3, —5) (0.3) (15.-%) (.3
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—4 4
22. 1. R(x) = x+ D(x 1 3)x - 3) ; domain {x|x # —1,x # —3,x # 3};y—intercept:§ 2. Risin lowest terms; no x-intercept 3. R is in lowest
terms; vertical asymptotes: x = —3,x = —1,x = 3 4. Horizontal asymptote: y = 0, not intersected
5- _é _-1 é 7.
Interval (=00, =3) (—3,—-1) (—1,3) (3, ®)
Number Chosen | —4 -2 0 4
Value of R R(—4)=0.19 R(=2)=-038 R(0) = g R#) = —0.11
Location of Graph| Above x-axis Below x-axis Above x-axis Below x-axis
Point on Graph (—4,0.19) (=2, -0.8) (0, g) (4, —0.11)
(x+Dx—1) . . 1 . . .
23. 1. H(x) = - ; domain: {x|x # —2, x # 2}; y-intercept: — 2. H is in lowest terms; x-intercepts: —1, 1 3. H is in lowest
(x*+ 4)(x +2)(x — 2) 16
terms; vertical asymptotes: x = —2,x = 2 4. Horizontal asymptote: y = 0, intersected at (—1,0) and (1, 0)
> 2 -1 ! 2
Interval (=0, =2) (-2,-1) (-1,1) 1,2) (2,%)
Number Chosen | —3 -15 0 1.5 3
Value of H H(-3)=0.12 H(-1.5) = —0.11| H(0) =% H(1.5)=-011 | H3)=0.12
Location of Graph | Above x-axis Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph | (—3,0.12) (-15,-011) [ (0, 1%) (1.5, —-0.11) (3,0.12)
7. .
|1
(~3,0.123) :
|
=0
=5
(=1,0)
X2+ 4 . . .. . .
24. 1. H(x) = - ; domain {x|x # —1, x # 1}; y-intercept: —4 2. H is in lowest terms; no x-intercept 3. H is in lowest
(*+D(x+1)(x+1)
terms; vertical asymptotes: x = —1,x = 1 4. Horizontal asymptote: y = 0, not intersected
S. -1 1 7.
Interval (=, 1) =11 (1,)
Number Chosen | =2 0 2
Value of H H(-2) =1t H(0) = —4 HQ) =&
Location of Graph | Above x-axis | Below x-axis Above x-axis
Point on Graph (-2, &) (0, —4) 2, &)
(x+1D)(x—4) . . - . - .
25. 1. F(x) = 12 domain: {x|x # —2}; y-intercept: =2 2. Fis in lowest terms; x-intercepts: —1,4 3. Fis in lowest terms; vertical
X
asymptote: x = —2 4. Oblique asymptote: y = x — 5, not intersected
5- _2 _1 4 7-
Interval (=0, =2) (-2,-1) (-1,4) (4, »)
Number Chosen | —3 -1.5 0 5
Value of F F(-3)=-14 F(-15)=55 |F(0)=-2 F(5)=0.86
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph | (=3, —14) (—15,5.5) 0, -2) (5,0.86)
(x +2)(x + 1) . . o . o .
26. 1. F(x) = —————; domain {x|x # 1}; y-intercept: =2 2. Fis in lowest terms; x-intercepts: —1, —2 3. Fis in lowest terms; vertical

-1
asymptote: x = 1 4. Oblique asymptote: y = x + 4, not intersected

Copyright © 2007 Pearson Education, Inc., publishing as Pearson Prentice Hall


http://media.pearsoncmg.com/cmg/pmmg/pmmg_mml_shared/copyright.html

ANSWERS Section3.3 ANDS3

5. ) -1 1 7. YAl
° ° ® 161~ 14 (2,12)
Interval (—o, —2) (-2, -1) (-1,1) (1, ) i@;@y:x »
Number Chosen | —3 -1.5 0 2 | -
Value of F F(-3)=-05 |F(-15) =01 F(0)=-2 F(2)=12 (-2, ':’
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph | (=3, —0.5) (—=1.5,0.1) 0, -2) (2,12) I
x=1
27. 1. R(x) = W domain: {x|x # 4}; y-intercept: 3 2. R is in lowest terms; x-intercepts: —4,3 3. R is in lowest terms; vertical
asymptote: x = 4 4. Oblique asymptote: y = x + 5, not intersected
5. —4 3 4 7. x=4
. . ° y I
Interval (—o0, —4) (—4,3) 3. 4) 4, =) 18- l@)/
Number Chosen | —5 0 35 5 C /§ =x+5
Value of R R(-5)=-1% R(0)=3 R(35)=-75 | R(5)=18 C /'/
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis (=4,0) . _:/i’ ©,3)
Point on Graph | (=5, —5) (0,3) (3.5, -7.5) (5, 18) 55 /_2 NG d
1 (3.0)
28. 1. R(x) = %; domain {x|x # —5}; y-intercept: —% 2. Risin lowest terms; x-intercepts: —3,4 3. R is in lowest terms; vertical
asymptote: x = —5 4. Oblique asymptote: y = x — 6, not intersected
s, -5 -3 4 7.
Interval (=00, =5) (=5,-3) (=3,4) (4, »)
Number Chosen | —7 —4 0 5
Value of R R(-7)=-22 |R(-4)=8 R(0)=-24 R(5)=0.8
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph | (=7, —22) (—4.,8) (0, —2.4) (5, -0.8)
29. 1. F(x) = W; domain: {x|x # —2}; y-intercept: —6 2. Fis in lowest terms; x-intercepts: —4,3 3. Fis in lowest terms; vertical
asymptote: x = —2 4. Oblique asymptote: y = x — 1, not intersected
5. —4 -2 3 7.
Interval (=0, —4) (—4,-2) (=2,3) (3,)
Number Chosen | —5 -3 0 4
Value of F F(-5)=-% |F(-3)=6 F(0)=—6 F4)=13
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph (—5, —%) (=3,6) (0, —6) (4, %)
30. 1. G(x) = W; domain {x|x # —1}; y-intercept: =12 2. G is in lowest terms; x-intercepts: —3,4 3. G is in lowest terms; vertical
asymptote: x = —1 4. Oblique asymptote: y = x — 2, not intersected
> 3 g : b
Interval (=2, =3) (=3,-1) (-1,4) (4, »)
Number Chosen | —4 -2 0 5
Value of G G(—4)= —% G(-2)=6 G(0)=-12 G(5) =%
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph | (—4, — %) (~2,6) (0, -12) (G
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31. 1. Domain: {x|x # —3}; y-intercept: 0 2. x-intercepts: 0,1 3. vertical asymptote: x = =3 4. Horizontal asymptote: y = 1, not intersected
S -3 0 1
Interval (=, —3) (=3,0) 0,1) (1,00)
Number Chosen | —4 -1 % 2
Value of R R(—4) =100 R(-1)=-05 R(%) ~0.003 |R(2)=0016
Location of Graph | Above x-axis Below x-axis Above x-axis Above x-axis
Point on Graph | (—4, 100) (-1,-05) (.0.003) (2,0016)
7. x=-3 32. 1. Domain {x|x # 0, x # 4}; no y-intercept

2. x-intercepts: 1, —2,3
3. Risin lowest terms; vertical asymptotes: x = 0, x = 4
4. Horizontal asymptote: y = 1, intersected at (3.186, 1), (0.314,1)

IR

ok

110 C

|

I ["See enlarged
: [ view at right.

> 2 S ! : :
Interval (=, =2) (-2,0) 0,1) 1,3) (3,4) (4, )
Number Chosen | —3 -1 % 2 3.186 6
Value of R R(-3) =0.16 R(-1)=-0.32 R(%) ~0.51 R(2)=-05 R(3.186) = 1 R(6) =5
Location of Graph | Above x-axis Below x-axis Above x-axis Below x-axis Above x-axis Above x-axis
Point on Graph | (—3,0.16) (—1,-0.32) ( %, 0.51) (2,-0.5) (3.186, 1) (6,5)
b xy:O x=4 33. 1. R(x) = w domain: {x|x # —2, x # 3}; y-intercept: 2
10 ! (x+2)(x73)’x+4 ’ ’
i 2. Inlowest terms, R(x) = m;x-intercept: -4
I
I

6,5 7
(0314,1) (3.186,1) 3. Vertical asymptote: x = —2; hole at (3, g)
y= 1'5 5 g 4. Horizontal asymptote: y = 1, not intersected
(3.0)
(-2,05F 100
5 —4 -2 3 7
Interval (—o, —4) (—4,-2) (=2,3) (3, »)
Number Chosen | —5 -3 0 4
Value of R R(-5)=1 R(-3)=—1 R(O) =2 R@4) =1
Location of Graph| Above x-axis Below x-axis Above x-axis Above x-axis
Point on Graph (—5, %) (—=3,—-1) 0, 2) (4, %)
34. 1. R —(x+5)(X72)'d i [x # —3,x # —5}; y-int t: 2 2. Inl tt R
. 1. R(x) = G+ +3) omain {x|x X }; y-intercept: 3 2 Inlowest terms, (x)
asymptote: x = —3; hole at (=5,3.5) 4. Horizontal asymptote: y = 1, not intersected
5. _§ _é g 7.
Interval (—o, =5) (=5, -3) (-3,2) (2, »)
Number Chosen | —6 -4 0 3
Value of R R(-6) =} R(—4) =6 R(O)= -2 R(3) =}
Location of Graph | Above x-axis Above x-axis Below x-axis Above x-axis
: 8 2 1
Point on Graph | (—6,%) (—4,6) 0,-3% (3,3
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(3x + 1)(2x — 3)
(x =2)(2x = 3)

3x +1
x =2

. 1
; x-intercept: 3

35. 1. R(x) =

3 1
; domain: {x X # > X # 2}; y-intercept: ) 2. In lowest terms, R(x) =

3
3. Vertical asymptote: x = 2; hole at (5, —11) 4. Horizontal asymptote: y = 3, not intersected

5. -1 3 ) 7.
Interval (*00, - %) (—%’ %) (%, 2) (2,2
Number Chosen | —1 0 1.7 6 |
Value of R R(-1) =3 RO) = -3 R(1.7) = =203 | R(6) = 4.75 —10
Location of Graph| Above x-axis Below x-axis Below x-axis Above x-axis
Point on Graph | (—1.2) (0.-1) (1.7, -203) (6,4.75)

36. 1. R —(4x+3)(2x+5)d '{I;ﬁs ;&3}' 1 2. Inl R(x) =
. 1. R(x) = (x—3)2x +5)° omain 9 x|x 50X ; y-intercept: . In lowest terms, R(x) =

b+ 3'x intercept: —é
3’ Pty

% —
5 14

_5’ﬁ> 4. Horizontal asymptote: y = 4

3. Vertical asymptote: x = 3, hole at (

5. 3 7.
=25 T 3
Interval (=, —2.5) (-25,-3) (-3.,3) (3, )
Number Chosen | —3 -1 0 6
Value of R R(-3) =3 R(-1) =13 R(0) = -1 R(6) =9
y=4-—-—
Location of Graph | Above x-axis Above x-axis Below x-axis Above x-axis
Point on Graph (-3, 3) -1,1) (0, -1) (6,9)
(x +3)(x +2) . : . .
37. 1. R(x) = 33 domain: {x|x # —3}; y-intercept:2 2. In lowest terms, R(x) = x + 2; x-intercept: =2 3. Vertical asymptote:
none; hole at (=3, —1) 4. Oblique asymptote: y = x + 2 intersected at all points except x = —3
5. -3 -2 7. y
d d 5k
Interval (=, =3) (=3,-2) (—=2,%) B
Number Chosen | —4 =25 0 (=2,0) _(0’ 2)
L 11 f I 4
Value of R R(—4)=-2 R(-25) = —% R(0)=2 -5 L
Location of Graph | Below x-axis Below x-axis Above x-axis (-3, -
Point on Graph | (—4, —2) (-25.-1) 0,2) s
(x +6)(x —3) . . . .
38. 1. R(x) = —Y+¢ domain {x|x # —6}; y-intercept: =5 2. Inlowest terms, R(x) = x — 5; x-intercept: 5 3. Vertical asymptote: none;
hole at (=6, —11) 4. Oblique asymptote: y = x — 5 intersected at all points except x = —6
S. S 5 7. y
. . 3
Interval (=, —6) (—6,5) (5,) /
Number Chosen | —7 0 6 L1 $5’|0) L1
-10 10
Value of R R(-7)=-12 R(0) = -5 R(6) =1
Location of Graph | Below x-axis Below x-axis Above x-axis
Point on Graph | (=7, —12) 0,-5) 6,1)
¥+l . ) - ) - .
39. 1. f(x) = ; domain: {x|x # 0}; no y-intercepts 2. fis in lowest terms; no x-intercepts 3. fis in lowest terms; vertical asymptote: x = 0
4. Oblique asymptotes: y = x, not intersected 7. =0
y
S. 0 5
° 1,2)f"
Interval (—,0) (0, ) NI Y™~
7/
Number Chosen | —1 1 L Pl
-5 ds 5
Value of f f(-1)=-2 fay=2 (-1, _2)7/ C
Location of Graph | Below x-axis Above x-axis /\:
_5 —
Point on Graph | (=1, =2) (1,2)
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40. 1. f(x) =

5.

2x*+9

4. Oblique asymptote: y = 2x, not intersected
0
-~ ———>
Interval (—,0) (0, )
Number Chosen | —1 1
Value of f f(=1)=-11 faa) =11
Location of Graph | Below x-axis Above x-axis
Point on Graph | (=1, —11) (1,11)
Pr1l (xx+DEP-x+1)

e A

vertical asymptote: x = 0 4. No horizontal or oblique asymptotes

5. -1 0
Interval (=, —1) (=1,0) (0, )
Number Chosen -2 *% 1
Value of f(-2)=35 A=) =-175 |r=2
Location of Graph | Above x-axis Below x-axis Above x-axis
Pointon Graph | (—2,3.5) (-1.-175) (1,2)
253 +16 2(x +2)(x* —2x + 4
2.1 f(x) == _ Ax ¥ 2) )
X X
vertical asymptote: x = 0 4. No oblique or horizontal asymptotes
5. -2 0
Interval (=, —2) (=2,0) (0, )
Number Chosen —4 -1 1
Value of f f(—4) =28 (=) =-14 f) =18
Location of Graph | Above x-axis Below x-axis Above x-axis
Point on Graph (=3,16) (-1, -14) (1, 18)
xt+1 . . .. .
43. 1. f(x) = ——5—; domain: {x|x # 0}; no y-intercepts 2. fis in lowest terms; no x-intercepts
4. Oblique asymptote: y = x, not intersected
5. 0
-~ —>
Interval (=, 0) (0, )
Number Chosen -1 1
Value of f f(=D=-2 =2
Location of Graph | Below x-axis Above x-axis
Point on Graph (-1,-2) (1,2)
2x* +9
4. 1. f(x) ==

X

4. Oblique asymptote: y = 2x, not intersected

5.

0
-~ >
Interval (—,0) (0, )
Number Chosen -2 2
Value of f f(=2)=-5.125 |[f(2)=5.125

Location of Graph

Below x-axis

Above x-axis

Point on Graph

(—2, —5.125)

(2,5.125)

; domain {x|x # 0}; no y-intercept 2. fis in lowest terms; no x-intercepts 3. fis in lowest terms; vertical asymptote: x = 0

7. Yy
15
A1 o
7
L -~
- 2739
- -
I I s T O O B 3
_ //_ 5
// —
(_37_9)// -
7
-, -
(=1L, -1D)Y|-15

7.

7.

x=0
y
5

; domain: {x|x # 0}; no y-intercepts 2. fis in lowest terms; x-intercept: —1 3. fis in lowest terms

1,2)

L g

=5

(1,18).24
1

; domain {x|x # 0}; no y-intercept 2. fis in lowest terms; x-intercept: —2 3. fis in lowest terms

(2,16)

=

‘Lo

x=0

(=)}

3. fisin lowest terms; vertical asymptote: x = 0

7.

x =
y
3

——5; domain {x|x # 0}; no y-intercept 2. fis in lowest terms; no x-intercepts 3. fis in lowest terms; vertical asymptote: x = 0
X

y=2x

10 /
A
¥ (2,5.125)

L
L1l X

L1l
-10 /

(-2, -5.125) 4
/
/

x=0
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2 (x—l(x—3)(x2+§)

X 46. One possibility: R(x) = ——— 47. One possibility: R(x) =

2 -4 | (x + 1)%(x — 2)?
3(x + 2)(x — 1)2
(x +3)(x — 4)?

45. One possibility: R(x) =
48. One possibility: R(x) =

~02x% — 2.3x% + 14.3x + 102

49. (a) r-axis;C(t) =0 50. (a) r-axis;C(¢) =0 51. (a) C(x) <
(b) 04 (b) 6 (b) $9400 (c) ~$10,933
d) 60
0 12 0 100
0 0 0 20
0
(¢) 0.71 hr after injection (¢) 5 min after injection (e) 6 (f) $9400
_ . 3—0. 2+ 9.15x + 98. 40,000
52. (a) C(x) = QOO — 099527 #9050 #9843 53 ) () = 0y 4 200 (¢) 2784.95 sq in.
x X
(b) ~$11.52 (¢) ~$7.59 ®) 10,000 (d) 21.54in. X 21.54 in. X 21.54 in.

) 100 (e) To minimize the cost of material needed

for construction

0 60
0 100 0
0
(e) ~25,058 books (f) ~$7.59
20,000 4 2
4. (@) S(x) =207 + —— 55. (a) C(r) = 12m° + @ 56. (a) A(r) = 2mr? + g
(b) 10,000 (b) 6000 (b) Approximately 123.22 sq ft
(c) Approximately 150.53 sq ft
(d) Approximately 197.08 sq ft
© 700
0 10
0 70
0 0
(c) 1754.41 sq in. The cost is smallest when
(d) 17.10in. X 17.10in. X 17.10 in. r = 3.76 cm. 0 12
(e) To minimize the cost of material 0
needed for construction A is smallest when r = 2.52 ft.
429 1200 . 5
57. (a) D(p) = 7 (b) 143 58. (a) t(s) = — (b) 30 minutes 59. 450 cm” 60. 24 amperes 61. 124.76 pounds 62. 0.012 foot-candle
T
63.V=mur’h 64V = grzh 65. V6 ~ 1.82in. 66. V = k?, k = 5;19.375 atmospheres  67. 2812.5 Joules 68. 282.2 ft 69. 384 psi

70. 900 1b  71. No. Each function is a quotient of polynomials, but it is not written in lowest terms. Each function is undefined for x = 1;

each graph has a hole at x = 1. 72. All four graphs have a vertical asymptote at x = 1;y = & 1 has an oblique asymptote at y = x + 1.

3.4 Assess Your Understanding (page 235)

2. False 3. {x|x < —2};(—00,—2) 4. {x]x > 5};(5,00) 5. {x|x >4};(4,0) 6. {x|x < —8};(—00,—8) 7. {x|]x = —30r0=x =3};
(=00, =3]or[0,3] 8 {x|-1=x=0orx=1}[-1,0]or[l,0) 9. {x|-4 < x<0orx>0};(—40)or(0,00) 10. {x|x < —5};(—00,-5)
1. {x|lx = 1};[1,00) 12. {x]x = —2};[-2,00) 13. {x|]x = lor2 = x =3};(—00,1]or[2,3] 14. {x[x = —3or—2 =x = —1};(—00, -3]
or[-2,—1] 15. {x|-1 <x <Oorx>3};(—1,0)0r(3,00) 16. {x|-3 <x <O0orx>1};(—3,0)0r(1,00) 17. {x|x < —lorx > 1};
(=00, —1)or (1,00) 18. {x|-3 < x <0or0 < x <3};(-3,0)0r(0,3) 19. {x|x < —lorx > 1};(—00,—1)or (1,00) 20. {x|x > 1};
(1,0) 21 {x|]x < —lorx > 1};(—00, —1) or (1, 00) 22. {x|x < —lorx > 3};(—0co,—1)or (3,0) 23. {x[x = —-lor0<x=1};
(=00, —1]or (0,1] 24. {x|x = —2o0r1 < x = 3};(—00, —2]or (1,3] 25. {x|x < —lorx > 1};(—00, —=1)or (1,0) 26. {x|x < —2or
x >2}; (=00, =2)or (2,0) 27. {x’x < —%orO <x< %}, <—OO, —%) or (0,%) 28. {x|x <0or3 < x < 4};(—00,0) or (3,4)
29, {x|x <2};(—00,2) 30. {x|x >4};(4,00) 3L {x]-2<x=09};(-2,9] 32. {x]-8=x<-2};[-8 -2) 33 {x]x <20r3<x <5}
(—00,2)or (3,5 34. {x|-7 < x < —lorx>3};(-7,—1)or(3,0) 35 {xlx < -3o0or—1<x<Tlorx>2};(—00,-3)or(—1,1)or

5 5
(2,00) 36. {x x < 750r72<x< 7]};<700,75> or (=2,-1) 37 {x|lx < =Sor—4 =x = -3orx=0o0rx > 1};(—00,=5) or

1
[-4,-3]or0or (1,00) 38. {x|x < —lor0=x<1lorx=2};(—00,—1)or[0,1)or[2,00) 39. {x - <x<lorx> 3}

Copyright © 2007 Pearson Education, Inc., publishing as Pearson Prentice Hall



http://media.pearsoncmg.com/cmg/pmmg/pmmg_mml_shared/copyright.html

ANDBS8 ANSWERS Section 3.5

40. {x

or[2,00) 44. {x|x =0orx =3};00r[3,0) 45. {x|]x < —4orx =2};(—00, —4) or[2,00) 46. {x|x < —dorx = 1};(—0c0, —4)
or [1, c0)

2 2
-1<x< zorx > 2};<71,§) or (2,00) 4L {x|x > 4};(4,0) 42. {x|0 <x <1};(0,1) 43. {x|x = —20rx = 2}; (—o00, -2]

48. f(x) :x47 1 y

gx)=x-1

fx) =gx)ifo=x=1

51. Produce at least 250 bicycles
52. Produce at least 300 bicycles

b\ b\? b 5
1. x-3 +b x-3 +c x-3 +d=0 2. (H+K)+pH+K)+qg=0
Px b 20%x b b
x*—bMTx—Eﬁbez— 3x+3+cx——c+d=o H® +3HK + 3HK> + K>+ pH + pK + ¢ = 0
b 20 b
x3+<c—?>x+<ﬁ—§+d>=0 Let3HK = —p.
»? 2% be
Letp=c—?andq=E—?+d.Thenx3+px+q=0. H3>—pH — pK + K3+ pH+pK+q=0 H>+K>=—¢q
3. 3HK = —p 4. 0’ + K3 = —q
K=—3LH K= —q - H?
1A% —q 9 P
H+|—) =- KP=—q—-|— -+ —
(31{) 1 1 [2 4 27}
3 3
P -q g P
H? - =- K=—— .|+
27H? 1 2 4 27

+

7 3
6 _ 3 _ _ 3 _3/-49_ |94 P
27HS — p¥ = —27qH K > Na

27H® + 27qH? — p* = 0
—27q + V(27¢)% — 4(27)(—p)

H? = 557 5.x=H+K
_ 77 2 3 2 3
s_ 4, | 27a  4C@Tp Y e’ N G S el B LA
H° = 2 + 207 + 207 x = > Pttt > 4+t (Note that had we
3. 4 q )4 . .
H° = > + Y used the negative root in 3 the result would be the same.)
H:3%q+ %+§—7 6.x=3 T.x=2 8 x=2

Choose the positive root for now.

3.5 Assess your Understanding (page 248)

5. Remainder; dividend 6. f(c) 7. —4 8. False 9. False 10. True 11. R = f(2) = 8 no 12. R = f(-3) = 161;n0 13. R = f(2) = 0;yes
14. R = f(2) = 0;yes 15. R = f(=3) = 0;yes 16. R = f(=3) = 0;yes 17. R = f(—4) = 1;no 18. R = f(—4) = 0; yes
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1 1
19. R = f<5> =0;yes 20. R = f<—§> = 2;no 21. 7;3 or 1 positive; 2 or 0 negative 22. 4;1 positive; 1 negative

23. 6;2 or 0 positive; 2 or 0 negative 24. 5;1 positive; 0 negative 25. 3;2 or 0 positive; 1 negative 26. 3;1 positive; 2 or 0 negative
27. 4;2 or 0 positive; 2 or O negative 28. 4;1 positive; 1 negative 29. 5;0 positive; 3 or 1 negative 30. 5;5,3 or 1 positive; 0 negative
1 1 1 1
31. 6;1 positive; 1 negative 32. 6;no positive; no negative 33. +1, :tg 34. £1,4+3 35. +£1,+3 36. +1, :tE 37. £1, £2, iZ’ :I:E
38, £1, 42, :tl, :tl, :I:l, :t% 39. £1, 43, +9, :I:l, :tl, :tl, :I:g, :tg 40. £1, £2, +3, £6, :tl, :I:l, :té, :i:é 41. +£1, +2, £3, £4, 46, +12, :I:l, :té

2773763 277376722 42 42 22

1 2 1 5 1 2 4 5 10 20 1 5
42, +£1,+£2, £3, £6, +9, :t181, :tgl, :I:gz 435. :t15, 12,514;5, +£10, 20, 5, £, N e N T LT

gv
1
X Sod, ko, s T S kS e 450 =3, 1,2 f(x) = (x + 3)(x + 1)(x —
4. +1, 42,45, £10, &5, o, ke, o, 2o, 4o, ke, o0 450 23,12 f(x) = (x + 3)(x £ 1)(x - 2)
)

46. —4, =5, 1;f(x) = (x — 1)(x + 5)(x + 4) 47. %;f(x) = 2<x - %)(xz +1) 48. —%;f(x) = 2<x + %)(xz +1)

49. -1, 1 f(x) = (x + 1)(x — 1)(x®> +2) 50. 2,-2; f(x) = (x — 2)(x + 2)(x* + 1)

—%, %;f(x) = 4<x + %)(x - %)(xz +2) 52 %, —%;f(x) = 4<x - %)(x + %)(xz + 4)

53. 1, multiplicity 2; =2, —1; f(x) = (x + 2)(x + 1)(x — 1)> 54. 2, multiplicity 2; =1, —=2; f(x) = (x + 1)(x + 2)(x — 2)?

55. —%,%,Z;f(x) = 4<x + %)(X - %)(x - 2)(x2 + %) 56. —3, —%,%;f(x) =4(x + 3)(x + %)(x - %)(xz + %)

57. {-1,2} 58. {—%} 59. {%,—1 +V2, -1 - \6} 60. {5} 61. {% \/,—\/5} 62. {—%,2,4} 63. {-3,-2} 64. {1}

(3 @l ol w et}

5

=

wn

~

65.

(%]

69. y-intercept: —6; 70. y-intercept: —20; 71. y-intercept: —1; 72. y-intercept: 1;
x-intercepts: —3, —1,2 x-intercepts: —5, —4, 1 x-intercept: 5 x-intercept: )
y y
50 5
—4,0
(-s.0 Y (1.2)
N L (a1
-7 -5 1 5
0.~ F (2.0
(—6,—14)"] €= (2
~50 -5
73. y-intercept: —2; 74. y-intercept: —4; 75. y-intercept: —2;1 . 76. y-intercept: —4;1 |
x-intercepts: —1, 1 x-intercepts: —2, 2 x-intercepts: 33 x-intercepts: 33

717. y-intercept: 2; 78. y-intercept: §; 79. y-intercept: 2; 80. y-intercept: —3;
x-intercepts: —2, —1, 1 x-intercepts: —2, —1,2 x-intercepts: 5, 2 x-intercepts: —3, T
y y \2 y
16 - ( 5 0) 80
L (2, 12) - (=2, 63)— N
— (_3 [ -
- - - - 2o \ [
(=2,0) (0,2) ( L 2 rda, 12
- I /I( 1 L
—3 (1,00 5 -5 =2.0 5 C -5 N 5
(—1.5, ~1.5625) ] o)F (—1.5. ~3.0625)" ~20 > - =3.0 ¥ 201\ 20)
= 0, =3)
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(O8]

8.5 82.37 83.2 84.2 855 86. 13 87. % 8. 5 89. f(0) = ~1:f(1) =10 90. f(~1) = =6:£(0) =2 9L f(-5) = =58
f(—4) =2 92. f(—3) = —42;f(~=2) =5 93. f(1.4) = —0.17536; f(1.5) = 1.40625 94. f(1.7) = 0.35627; f(1.8) = —1.02112 95. 0.21

96. —0.60 97. —4.04 98. —2.17 99. 1.15 100. 0.70 101. 2.53 102. 2.13 103. k =5 104. k = f% 105. =7 106. 1 107. If

f(x) =x" = c" then f(c) = " — " =0,s0x — cisafactorof f. 108. If n = 1isodd, (—¢)" = —c",s0 f(—c¢) = (=¢)" + " = =" + " = 0.
so,x + cis afactor of fwhennisodd. 109. 5 110. —3 111. 7in. 112. 6 cmor 12cm 113. All the potential rational zeros are integers. so, r
is either an integer or is not a rational zero (and is therefore irrational).

114. Let B, where p and g have no common factors except 1 and —1, be a solution of the polynomial f(x) = a,x" + a,_1x"" ' + -+ + a;x + a,

1) - af) a2 af®) e

a,p" + a1 p" g+ apg" T+ agg" =0

whose coefficients are all integers. Then

Because p is a factor of the first n terms of this equation, p must also be a factor of ayg”. Since p is not a factor of ¢ (p and ¢ have no common
factors except 1 and —1), p must be a factor of a,. Similarly, ¢ must be a factor of a,,.

116. No, by the Rational Zeros Theorem, 3 is not a potential rational zero.
1
117. No, by the Rational Zeros Theorem, 3 is not a potential rational zero.

3 2
118. No, by the Rational Zeros Theorem, 5 is not a potential rational zero. 119. No, by the Rational Zeros Theorem, 3 is not a potential

rational zero.

3.6 Assess Your Understanding (page 255)

3.one 4.3 —4i 5 True 6. False 7.4+i 83—-i 9. —i,1—i 10.2—; 1. —i,—2i 12. =i 13. = 4.2 +i,i 15.2 - i, -3 +i
16. —i,3 +2i,—2 —i 17. f(x) = x* — 14x> + 77x* — 200x + 208;a =1 18. f(x) = x* — 2x> + 6x* — 2x + S;a = 1
19. f(x) =x° —4x* + 73 =82 + 6x —4a=1 20. f(x) = x® — 12x° + 55x* — 120x> + 139x% — 108x + 85;a = 1
1
21. f(x) = xr—6x* +10x2 —6x + 950 =1 22. flx) = X =5x*+ 11 —13x2 + 8x — 2;a =1 23. —2i,4 24.5i,—3 25.2i,-3,~

2
2 1 1 1
26. —3i,-2,— 27.3+2i,-2,5 28.1—3i,—1,6 29. 4, —\/11, V11, -3 3. =334 31— - ﬁi, — 1 ﬁi'

2 2 27
_1)( 1 \/§i><x 1 V3

flx) = ( x+5+7 +E_7i> 32, =i, i, -1, 1;f(x) = (x +i)(x —i)(x +1)(x — 1) 33.2,3—2i,3+ 2]
Fx) = (x = 2)(x =3 +2i)(x =3 —2) 34 =5, —4+i —4—isf(x)=(x+5)(x+4—i)x+4+i) 35 —ii, —2i2i
f(x) = (x +i)(x —i)(x +2i)(x — 2i) 36. —2i,2i, —3i,3i; f(x) = (x + 2i)(x — 2i)(x + 3i)(x — 3i) 37. —=5i,5i,-3,1;

f(x) = (x +5i)(x = 5i)(x +3)(x — 1) 38 —3i,3i, =7,4; f(x) = (x + 3i)(x — 3i)(x + 7)(x —4) 39. —4, %,2 = 30,2 + 3i;

f(x) =3(x + 4)<x - %)(x -2+ 3i)(x—2—3i) 40. =3 —2i,-3 + 21',%,5; f(x)=2(x +3+2i)(x+3 - 2i)(x - %)(x -5)

41. Zeros that are complex numbers must occur in conjugate pairs; or a polynomial with real coefficients of odd degree must have at least one real
zero. 42. Zeros that are complex numbers must occur in conjugate pairs. 43. If the remaining zero were a complex number, its conjugate would
also be a zero, creating a polynomial of degree 5. 44. A missing zero is 4 + i. If the remaining zero were a complex number, its conjugate would
also be a zero, creating a polynomial of degree 5.

Review Exercises (page 257)

1. Polynomial of degree 5 2. Not a polynomial 3. Not a polynomial 4. Polynomial of degree 0

5. 6. y 7. §
5_
(—LHK L
(0}':\(1,2) 0=
NIRRT I\ VI A
-5 5

10.

5

I | N

o -nkJo. oD
(1’ _2)
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11. (a) x-intercepts: —4, —2, 0; y-intercept: 0
(b) Crosses at —4, —2,0
©y=x (@2
(e) Near —4: f(x) = 8(x + 4);
Near —2: f(x) = —4(x + 2);
Near 0: f(x) =~ 8x

©y=x @2
(e) Near 0: f(x) ~ 8x;

12. (a) x-intercepts: 0, 2, 4; y-intercept: 0
(b) Crosses at0,2,and 4

Near 2: f(x) = —4(x — 2);
Near 4: f(x) =~ 8(x — 4)

ANSWERS Review Exercises ANG61

13. (a) x-intercepts: —4, 2; y-intercept: 16
(b) Crosses at —4; touches at 2
©y=x (@2
(e) Near —4: f(x) = 36(x + 4);

Near 2: f(x) ~ 6(x — 2)?

14. (a) x-intercepts: —4, 2; y-intercept: —32 15.
(b) Touches at —4; crosses at 2

©y=x (2

(e) Near —4: f(x) ~ —6(x + 4)%

Near 2: f(x) = 36(x + 2)

@) f(x) =

(© y=-2¢ (d)2
(e) Near 0: f(x) ~ 4x%
(2.0)

X

20

17. (a) x-intercepts: —3, —1, 1; y-intercept: 3
(b) Crossesat —3, —1;touchesatl (¢) y = x*
(d) 3 (e) Near —3: f(x) = —32(x + 3);
Near —1: f(x) = 8(x + 1); Near 1: f(x) =
) ¥
(—4,75)

8(x — 1)2

19.

—2x%(x — 2);
x-intercepts: 0, 2; y-intercept: 0
(b) Touches at 0; crosses at 2

Near 2: f(x) =~ —=8(x — 2)

18.

16. (a) f(x) = —4x(x + 1)(x — 1);
x-intercepts: —1, 0, 1; y-intercept: 0

(b) Crosses at —1,0,1

(© y=—4x () 2

(e) Near —1: f(x) = —=8(x + 1);
Near 0: f(x) ~ 4x;
Near 1: f(x) = —=8(x — 1)

(a) x-intercepts: —2, 2, 4; y-intercept: 32
(b) Crosses at2 and 4;touchesat =2 (¢) y = x*
(d) 3 (e) Near —2: f(x) ~ 24(x + 2)%

Near 2: f(x) = —32(x — 2); Near 4: f(x) = 72(x — 4)
® Y
40
(~3,35)
-5 (=2,0)

(3,-25)
—40 +

Domain: {x|x # —3, x # 3}; horizontal asymptote: y = 0; vertical asymptotes: x = —3,x = 3 20. Domain: {x|x # 2}; oblique asymptote:

y = x + 2; vertical asymptote: x = 2 21. Domain: {x|x # —2}; horizontal asymptote: y = 1; vertical asymptote: x = —2 22. Domain:

{x|x # 1}; horizontal asymptote: y = 1; vertical asymptote: x = 1
23. 1. R(x) =

x =0 4. Horizontal asymptote: y = 2; not intersected

; domain: {x|x # 0}; no y-intercept 2. R is in lowest terms; x-intercept:3 3. R is in lowest terms; vertical asymptote:

5. 0 3
Interval (=, 0) 0, 3) (3, ®)
Number Chosen -2 1 4
Value of R R(-2)=5 R(1) = —4 R4 =1

Location of Graph | Above x-axis Below x-axis Above x-axis

Point on Graph (=2,5) (1, —4)

(+2)
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24. 1. Domain: {x|x # 0}; no y-intercept 2. R is in lowest terms; x-intercept: 4 3. R is in lowest terms; vertical asymptote: x = 0 4. Horizontal

asymptote: y = —1; not intersected 7. y
5. 0 4 10k
Interval (=0, 0) 0, 4) (4, )
Number Chosen -1 1 5
Value of R R(-1)= -5 R(1)=3 R(5)=-02
Location of Graph | Below x-axis Above x-axis Below x-axis
Point on Graph (=1, =5) (1,3) (5, —0.2)

25. 1. Domain: {x|x # 0, x # 2}; no y-intercept 2. H is in lowest terms; x-intercept: —2 3. H is in lowest terms; vertical asymptotes: x = 0, x = 2
4. Horizontal asymptote: y = 0; intersected at (=2, 0)

> -2 g 2
Interval (=, =2) (—=2,0) ,2) (2, )
Number Chosen | —3 -1 1 3
Value of H H(-3)=—1s |H(-1)=1 H(l) = -3 HG3) =3
Location of Graph| Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph (*3, *%) (—1, %) 1, =3) (3, %)
26. 1. H(x) = m; domain: {x|x # —1, x # 1}; y-intercept: 0 2. H is in lowest terms; x-intercept: 0 3. H is in lowest terms; vertical
asymptotes: x = —1 and x = 1 4. Horizontal asymptote: y = 0; intersected at (0, 0)
5. -1 0 1 7.
Interval (—oo, —1) (—1,0) O, 1) (1, @)
Number Chosen | —2 —% % 2
Value of H H-2)=-% |Hcp =3 H(3)=-3 HQ2) =3
Location of Graph| Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph (—2, —%) (—%, %) (%’ _%) (2, %)
27. 1. R(x) = %domain: {xlx # =2, x # 3}; y-intercept: 1 2. Risin lowest terms; x-intercepts: —3,2 3. R is in lowest terms;
asymptote: x = —2,x = 3 4. Horizontal asymptote: y = 1; intersected at (0, 1)
> -3 2 2 3
Interval (=, —3) (=3, -2) (—2,2) 2,3) (3, %)
Number Chosen | —4 -25 0 2.5 4
Value of R R(—4)=043 |R(—2.5) =~ —0.82|R(0) =1 R(2.5)~—122 |R@) =%
Location of Graph| Above x-axis Below x-axis Above x-axis Below x-axis Above x-axis
Point on Graph | (—4, 0.43) (—2.5,-0.82) | (©, 1) 2.5, —1.22) CR0)
7. x=-2 x=3
Iy |
\SC
I\ [0 1 )
y=l-go - E-- 28. 1. R(x) = g; domain: {x|x # 0}; no y-intercept
(=3.0 : 2. Risin lowes)i terms; x-intercept: 3;
' 3. Risin lowest terms; vertical asymptote: x = 0
IfS 4. Horizontal asymptote: y = 1; intersected at %, 1)
5. 0 3 7. y
. . sk
Interval (=, 0) 0, 3) (3, ) B
Number Chosen | —3 1 4 (=34 B (1,4
Value of R R(-3)=4 R(1) = 4 R(4) =1 =5 NG s
Location of Graph | Above x-axis Above x-axis Above x-axis
Point on Graph | (=3, 4) (1.4 (4.55)
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3

29. 1. F(x) = m; domain: {x|x # —2,x # 2}; y-intercept: 0 2. Fis in lowest terms; x-intercept: 0 3. F'is in lowest terms; vertical
asymptotes: x = —2,x =2 4. Oblique asymptote: y = x; intersected at (0, 0)
5. 7. x=-2 x=2
2 0 2 Yyl 27
. . . ) (3.2)
Interval (—o0, —=2) (—2,0) 0,2) (2, ©) o 7Y =
— v
Number Chosen | —3 -1 1 2 \C ///
X
Value of F F-3=-2 |F-pn=1! Fy=—1 F3) =7 TR E—TO
21
Location of Graph | Below x-axis Above x-axis Below x-axis Above x-axis .5 2 : i : (0,0)
7
. 27 1 1 27 / |
Point on Graph (—3, —?) (—1, g) (1, —g) (3, g) (_3@: L
> 5

30. 1. Domain: {x|x # 1}; y-intercept: 0 2. Fis in lowest terms; x-intercept: 0 3. Fis in lowest terms; vertical asymptote: x = 1

2
4. Oblique asymptote: y = 3x + 6; intersected at <§, 8>

5. 0 1 7.
Interval (=2, 0) 0, 1) (1, %)
Number Chosen -1 % 2
Value of F F(-1)=—3 F(3)=15 FQ) =24
Location of Graph | Below x-axis Above x-axis Above x-axis
Point on Graph (—1, —%) (% , 1,5) (2,24)

31. 1. Domain: {x|x # 1}; y-intercept: 0 2. R is in lowest terms; x-intercept: 0 3. R is in lowest terms; vertical asymptote: x = 1
4. No oblique or horizontal asymptote

5. 0 1 7.
Interval (=, 0) 0, 1) (1, )
Number Chosen -2 % 2
Value of R R(-2) =% r(1)=1 RQ2) =32
Location of Graph | Below x-axis Above x-axis Above x-axis (—2, %)
Point on Graph (—2, %2) ( % , % ) (2,32) -5

4

32. 1. R(x) = m; domain: {x|x # —3, x # 3}; y-intercept:0 2. R is in lowest terms; x-intercept: 0
3. Risin lowest terms; vertical asymptotes: x = 3 and x = —3 4. No oblique or horizontal asymptote.
5. -3 0 3 7. x=-3 x=3
k4 T T oy I
Interval (=, =3) (=3.0) ©,3) 3, ) loso |
Number Chy 4 1 1 4 (-5,39) I | (5,39)
umber osen - - | |
1 1 (-4,37.57)| | (4,37.57)
Value of R R(—4)=3757 |R(-1)=—3 R(1)=—3 R(4) =37 | |
I I
Location of Graph| Above x-axis Below x-axis Below x-axis Above x-axis (_1, _ % ) | | ( 1 1)
1 \L-g
Point on Graph (—4, 37,57) (— 1, - é) (1, —% ) (4, 37.57) X
.0
33. 1. G(x) = w domain: {x|x # —1, x # 2}; y-intercept:2 2. In lowest terms, G(x) = x*2, x-intercept: —2
- x+)(x-2) ‘ : 24 pts & : x+1 pt:

4
3. Vertical asymptote: x = —1; hole at (2, 5) 4. Horizontal asymptote: y = 1, not intersected

. -2 -1 2 7
Interval (—o, —2) (=2,-1) (-1,2) (2, )
Number Chosen | —3 -1.5 0 3
Value of G G(-3)=1 G(-15=—-1 |GO)=2 G3) =125
Location of Graph| Above x-axis Below x-axis Above x-axis Above x-axis
Point on Graph (—3, %) (—=1.5,—-1) 0, 2) (3, 1.25)
(x —1)? . . x—1 .
34. 1. F(x) ; domain: {x|x # —1,x # 1}; y-intercept: =1 2. In lowest terms, F(x) = ——; no x-intercepts

T D> -1 x+ 1

3. Vertical asymptote: x = —1; hole at (1,0) 4. Horizontal asymptote: y = 1, not intersected
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3s.
38.
41.

52.

56.

62.
71.
81.

84.
86.

87.

88.

91.

9s.

5. -1 1 7. y
° ° I'Es
Interval (=, —1) (-1, 1 (1, ) (2.3 |
(=3.2) ! (3 l)
Number Chosen | —2 0 3 o — :_ N2
1 TR RS T o
Value of F F(-2)=3 FO) = -1 F3) =3 -5 11,0 s
AN
Location of Graph | Above x-axis Below x-axis Above x-axis : ©.=1
Pointon Graph | (=2, 3) (0.-1) (3.3) A
I
x=-1
{x|—00 < x < —20r—1 < x <2};(—00,-2)or (—1,2) 36. {x|-4=x=—lorx=1};[—4, —1]or[l,00) 37 {x|-3 <x =3};(-3,3]
1 1
{x x < zorx > 1}; (—00,5) or (1,00) 39. {x|x < lorx > 2};(—00,1)or(2,00) 40. {x —% <x= —%}; (—%, —%}

{x|[l =x=2o0rx>3};[1,2]or(3,00) 42. {x|lx = —1or0 < x <5};(—0c0,—1]or (0,5) 43. {x|x < —dor2 <x <4dorx>6};

(=00, —4) or (2,4) or (6,0) 44. {x|]x < —=Sor—4 < x = —-20r0=x=1};(—00,=5)or (-4, —2]or[0,1] 45. g(x) = 8x> + 5x + 6;

R = 10; gisnot a factor of f.  46. q(x) = 2x* + 12x + 19; R = 43; gisnot a factor of f. 47. q(x) = x> — 4x* + 8x — ;R = 0;

gisafactorof f. 48. g(x) = x> — x> + 2; R = 0;gisafactorof . 49. f(4) = 47,105 50. f(—2) = 204 51. 4,2, or 0 positive; 2 or 0 negative
1 3 1 1 3 1 1 1 1 1

i . ottt o, 2 54 St 4 55 =2, 1,4 f(x) = (x + 2)(x — 1)(x —
1 positive; 2 or 0 negative 53 :i:l,:t3,:t2,:t2,:i:3,:t4,:t4,:i:6,:t12 54 :tl,:tz,:tS,:t6 55. =2,1,4;f(x) = (x +2)(x — 1)(x — 4)

2
1,4, -2, f(x) = (x + 1)(x — 4)(x +2) 57. %, multiplicity 2; =2; f(x) = 4<x - %) (x +2) S58. —%, multiplicity 2;2;

fx) =4(x — 2)<x + l>2 59. 2, multiplicity 2; f(x) = (x — 2)%(x> + 5) 60. —3, multiplicity 2; f(x) = (x + 3)*(x> + 2) 61. {-3,2}

2
1 1 37 17

{=3.2) 63 -3, -L—.1p 64 (=3.-2,—2.2 65.5 66.11 67. - 68— 69.f(0)=—1f(1) =1 70. f(1) = ~2.f(2) =9

FOO) = —1:f(1) =1 72 f(1) = =3,f(2) = 62 73. 152 74. 133 75.093 76. 114 77.4—i 78.3 —4i 79. —i,1 —i 80.1—i

-2,1,4f(x) = (x +2)(x — 1)(x —4) 82. —=2,-1,4;f(x) = (x +2)(x + 1)(x — 4) 83. —2;%(multiplicity 2); f(x) = 4(x + 2)<x - %)2
2

(x —2) 85. 2 (multiplicity 2), —V/5i, V/5i; f(x) = (x + V/5i)(x = V5i)(x - 2)

N | =
~

—% (multiplicity 2),2; f(x) = 4<x +

—3 (multiplicity 2), -V2i, \@i;f(x) = (x+ 3)2(x + \/ii)(x - \61)
-3,2, —ﬁiﬁi; f(x) =2(x+3)(x — 2)(x + ﬁi)(x - ﬁz)
2 2 2
3 3 3 3
-3,2, f%i,%i;f(x) =3(x +3)(x — 2)<x + %i)(x - %z) 89. 199.9 pounds 90. 14.7 ohms
, 500 s
@ A(r) =2 + =— 92. (a) A (b) A(f) = —212.018 + 2429.132
r
(b) 22322 cm? 700,000 . + 59,568.85¢ + 130,003.14
(¢) 257.08 cm? g 600,000 - ° (¢) 797,003
@ 1000 & 500,000 - ° 630,000
% 400,000 - °
.
5 300,000 - o
ié 200,000 o
Z 100,000 [~ ®
0 8 ol 1 v 111 4 0 2 19
0 1 23 456 7 8 180,000
Year

A is smallest when r = 3.41 cm.
(a) Even (b) Positive (¢) Even (d) The graph touches the x-axis at x = 0, but does not cross it there. (e) 8

Chapter Test (page 259)

1.

Flx) = (x=3)" — 2 2. (a) 3 (b) Every zero of g lies between —15 and 15. (i)
1{) L il +1 ié ié +3,£5 iE +15
(©) g TR Ay Ay A (—2,45)
@ =5, —5.3:8(x) = (x + 5)(2x + 1)(x = 3)
N 111X 1
-10 L 10 (e) y-intercept: —15 x-intercepts: —5, 5 3 -3
B 1
- () Crossesat =5, —>.3 (2) y = 2x°
-10 (h) Near —5: g(x) = 72(x + 5)

Near —%z g(x) =~ —673(2x +1)
Near 3: g(x) = 56(x — 3)
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- 5—Ve6l 5+ V6l
3. 4,750,504, 41, 6\F’ 6 } 5. Domain: {x|x # —10, x # 4}; asymptotes: x = —10,y = 2
6. Domain: {x|x # —1}; asymptotes:x = —1,y = x + 1
7. y=x +1 8. Answers may vary. One possibility is f(x) = x* — 4x> — 2x% + 20x.

2(x = 9)(x = 1)

9. Answers may vary. One possibility is r(x) = m

10. £(0) = 8; f(4) = =36
Since f(0) = 8 > 0 and f(4) = —36 < 0, the Intermediate Value Theorem guarantees that there is at
least one real zero between 0 and 4.

11. {x|x < 3orx > 8};(—00,3) or (8, 00)

x=-1
Cumulative Review (page 261)
1. V26 2. {x|[x =0orx =1}, 3. {x|-1 <x<4};(-1,4)
(_0070] or [LOO) ~—f—
~—— > -1 4
0 1
4. f(x) = 3x+1 S5.y=2x—-1 6. y
y y
5 ok 81, -
(-1,4) - 3.5 o]
fr)=-3x+1 - =2t L e X
[ | I T I 3 B -8 B 8
-5 5 (| (I e B
-5 / 5 [ g
" / -
. . 3 3 At —f——t—
7. Not a function; 3 has two images 8. {0,2,4} 9. {x|x = > R > 00 0o 1 2 3
10. Center: (=2, 1); radius: 3 11. x-intercepts: —3, 0, 3; y-intercept: 0; symmetric with respect to the origin
y 12. y = —zx + 17
(-2,4) 5 33
y L 13. Not a function; it fails the Vertical Line Test.
14. ) 22 (b) > —5x—2 (¢) x> —=5x+2 () 9x*>+15x—2 () 2x+h +5
(l’)lc) 15. (a) {x|x # 1} (b) No,(2,7)is on the graph. (c) 4;(3,4)is on the graph. (d) %; <%, 9> is on
/ é the graph.
- =3
16. y 17. 18. x + 4mgy. =6
\‘ 7 19. (a) x-intercepts: —5, —1, 5; y-intercept: —3
(b) No symmetry
(¢) Neither
(d) Increasing: (—00, —3) and (2, o0);
7 decreasing: (=3, 2)
| 3, x (e) Local maximum is 5 and occurs at x = —3.
-1 L1 N3 (f) Local minimum is —6 and occurs at x = 2.
20. Odd
21. (a) Domain: {x|-3 < x} or (=3, ) 22. y 23. (@) (f + g)(x) = x> — 9x — 6; domain: all real numbers
1 - 25y +1 7
(b) x-intercept: ——; y-intercept: 1 (-L5) 6 (b) <£>(x) = i; domain: {x X # 77}
2 g —4x — 7 4
(c) y 1
2,5 5 = ——42
5 2,5) (=2.2) 0.2) 24. (a) R(x) 0T 150x
b) $14,000 750; $56,250 (d) $75
(—%,O) 0,1) I I I L X () $14, © > $36, @$
L1 L X -3 I \ 1
—4 5 -2
2,-2)
(-3=5)°

(d) Range: {yly < 5} or (=0, 5)
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