Answers to Odd-Numbered Exercises and Tests A47

Answers to Odd-Numbered Exercises and Tests

Chapter 1 43. (a) m = 5; 45. (a) Slope is undefined;
. y-intercept: (0, 3) there is no y-intercept.
Section 1.1 (page 11) (b) (b)

1. (@ iii ()i () v (d) i (e)iv

3. parallel 5.0 7. () L, (b)L; ()L, 2+
3
9.2 N
11. ]
\' -1 A
8+ “14
ot 4 1# R
1 ol
4t
1 _ : 5
2 47. (a) m = 0; y-intercept: (0, —g)
/ (b)
7 y
13.m=—3 15. m is undefined. 1
4 6
-12 (4’0)\ 12 (=6.4) -t N ! :
-10 2
(0.-10) Lo -1 -27 (0, ,g)
-12 -2
3
17. (0,1), 3, 1), (=1, 1) 19. (1,4),(1,6),(1,9)
21. (=1, =7),(=2,=5),(=5,1) 49. y=2x—5
23. (3, —4),(5 3),(9,—1) 51.y=—3x+2 53.x+8=0
25.y:3x—2 27.y:—%x—2 3 4

3 6
N @ -3) 55.y:—%x+§ 57. y——*x—%
- 3 6
44+
-5+ \
-9 9
3 -2 4
29. x=6 31. y =3
y y -1 -6
o7 M 59. y:%x-l-% 2
4+ 34+
z (39:1 L
o L (f,f_l) ! T
-2 + X
-3 =2 -1 12 3 =
_4+4 14+
» Ll 61. 10 1
-2 10
33. y = 0.45x + 1.15; $8.8 million
35. m = %; y-intercept: (0, —2); a line that rises from left to right - el P
37. m = %; y-intercept: (0, 2); a line that rises from left to right = ”
39. Slope is u-ndeﬁned; no y—izntercept'j a vertic.al line at x =2 -6 3 The first graph does not show both
41. m = 0; y-intercept: (O, —g); a horizontal line aty = —3 . 0 intercepts. The third graph is best
because it shows both intercepts
/ and gives the most accurate view of
the slope by using a square setting.
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A48

63.
67.
69.
71.
73.
75.
71.
81.

83.

85.
87.

89.
93.

9s.

97.

99.

Answers to Odd-Numbered Exercises and Tests

Perpendicular 65. Parallel
(@y=2x—3 (b)y=—3x+2
@y=-ix+5 O y=jx+5
@y=-3x-131 (b)y=3x—71
(@x=3 (b y=-2
@y=1 ((b)x=-4
y=2x+1 79 y=—5x+1
The lines y = %x and y = — 2x are perpendicular.
10 Y=
-15 15
y=%x -10 y=-2x
The lines y = —%x and y = —%x + 3 are parallel. Both are

perpendicular toy = 2x — 4.

12 ft

(a) The greatest increase was from 2001 to 2002, and the
greatest decrease was from 2002 to 2003.

(b) y = 58.625x + 995

(c) There is an increase of about $58.625 million per year.

(d) $1581.25 million; Answers will vary.

V =125t + 1415 91. V. = —2000¢ + 38,400
(a) V = 25,000 — 2300¢
(b) 25,000

0 10

0

t 0 1 2 3 4

V | 25,000 | 22,700 | 20,400 | 18,100 | 15,800

t 5 6 7 8 9 10

V| 13,500 | 11,200 | 8900 | 6600 | 4300 | 2000
(a) C =27.75t + 36,500 (b) R = 65¢
(¢c) P=37.25t— 36,500 (d) t=9799h

(a) Increase of about 621 students per year

(b) 78,470; 81,575; 84,680

(c) y = 621x + 75,365, where x = 0 corresponds to 1990;
m = 621; The slope determines the average increase in
enrollment.

False. The slopes (% and —171) are not equal.

101.

105.
109.
113.

115.

117.
123.
127.

Section 1.2

1.
7.

11.
13.

15.

17.
23.
29.
31.
33.

35.

37.

39.
41.
43.
45.
47.
49.

51.
57.
61.
63.

s 103. 2
-3 9 ; 5
/ .—~-‘_~___~d—
-5 -2

a and b represent the
x- and y-intercepts.
3x+2y—-6=0

a 111. ¢

No. Answers will vary. Sample answer: The line y = 2 does
not have an x-intercept.

a and b represent the
x- and y-intercepts.
107. 12x + 3y +2=0

Yes. Once a parallel line is established to the given line, there
are an infinite number of distances away from that line,
and thus an infinite number of parallel lines.

Yes; x + 20 119. No 121. No
(x —9)(x + 3) 125. 2x — 5)(x + 8)
Answers will vary.

(page 24)
domain, range, function 3. No 5. No
Yes. Each element of the domain is assigned to exactly one

element of the range.

. No. The National League, an element in the domain, is

assigned to three items in the range, the Cubs, the Pirates, and

the Dodgers; the American League, an element in the domain,

is also assigned to three items in the range, the Orioles, the

Yankees, and the Twins.

Yes. Each input value is matched with one output value.

(a) Function

(b) Not a function because the element 1 in A corresponds to
two elements, —2 and 1, in B.

(c) Function

Yes; yes; Each input value (year) is matched with exactly

one output value (average price) for both name brand and

generic drug prescriptions.

Not a function 19. Function 21. Function
Not a function 25. Function 27. Not a function
@7 (b)) =11 (¢)3r+7
(a0 (b) —0.75 (c) x2+ 2x
@1 ()25 (© 3-2
1

(a) Undefined (b) 3 (©) V2 + 6y
@1 ® -1 ( %
@ -1 ®2 (6
(@6 (b3 ()10
@0 (b4 ()17
{(=2,4),(=1,1),(0,0), (1, 1), (2,4)}
{(=2,4),(-1,3),(0,2),(1,3), (2,4)}

t =5 |{—-4|-3|-2]—-1

h) | 1 % 0 % 1
5 53.%  55. All real numbers x
All real numbers ¢ except 1 = 0 59. All real numbers x

All real numbers x except x = 0, —2
All real numbers y such thaty > 10
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65. 4 67. i
R \/
-6 6
-8 4
-4 -2

Domain: [—2, 2]
Range: [0, 2]
C2
69. A = in
71. (a) 1024 cm?

(b) 1200

Domain: (— oo, c0)
Range: [0, co)

Yes, it is a function.

0 17

() V=x(24 —20)% 0 <x < 12
(d) 1200

0 7
0

The function fits the data points; Answers will vary.
73. A =2xy=2x/36 —x>,0<x <6
75. (a) C = 68.20x + 248,000 (b) R = 98.98x
(c) P =30.78x — 248,000
77. (a) The independent variable is 7 and represents the year. The
dependent variable is n and represents the numbers of
miles traveled.

b
()t 0 1 2 3 4 5 6

n()

581 | 645 | 699 | 742 | 775 | 798 | 809

n(r) | 844 | 870 | 895 | 921 | 947 | 972 | 998
t 14 15 16 17
n(r) | 1024 | 1050 | 1075 | 1101

(c) The model fits the data well.
79. No; The ball is 9.6 feet high when it reaches the first baseman.

81. 2,c#0 83.3+hh+0
1
85. 7 t# 1 87. False. The range is [— 1, co).

89. f(x) = Vx +2
Domain: x = 0
Range: [2, c0)

91. No, fis not the independent variable because the value of f
depends on the value of x.

12x + 20 (x + 6)(x + 10) 1
93. 12 95. 75()64_3) ,)CS'&O,2
Section 1.3 (page 37)
1. decreasing 3. [1,4] 5. Relative maximum

Answers to Odd-Numbered Exercises and Tests

7.

11.

15.

17.

19.

21.
23.
25.

27.

29.

31.

33.

35.

A49

Domain: (—oo, oo) 9. Domain: [—4, 4]
Range: (—oo, 1] Range: [0, 4]
f0) =1 f0) =4
7 13. 3
_1 // 5
-6 6

= =
Domain: (—oo, co) Domain: [1, c0)
Range: [3, oo) Range: [0, oo)

7 Domain: (—oo, o)

N

-1

Range: [0, oo)

(b) [-2,00) (¢) —1,3

(d) x-intercepts (e) —1  (f) y-intercept

(® —2:(1,=2) () 6;(=1,0) (@) 2

Function. Graph the given function over the window shown in
the figure.

Not a function. Solve for y and graph the two resulting functions.
Increasing on (— oo, co)

Increasing on (— oo, 0), (2, o)

Decreasing on (0, 2)

(a) (_ 0, OO)

(a) 6 (b) Constant: (— oo, c0)
-6 6
-2
(a) 6 (b) Decreasing on (— oo, 0)
Increasing on (0, o)
-6 6
-2
(a) 9 (b) Increasing on (—2, co)
Decreasing on (—3, —2)
-9 9
3
(a) 6 (b) Decreasing on (—oo, —1)
\-_/ Constant on (—1, 1)
Increasing on (1, oo)
-6 6
—2
2 Relative minimum: (3, —9)
-6 ll 12
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Answers to Odd-Numbered Exercises and Tests

37. 24 Relative minimum: (1, —7)
Relative maximum: (—2, 20)
-6 JT 6
8
39. 3 Relative minimum: (0.33, —0.38)
1 — 5
-
41. 2 Relative minimum: (2, —9)
-6 \ 4 12
|
~10
43. 4 Relative minimum: (1, —2)
} Relative maximum: (—1, 2)
6 [ 6
4
45. 5 Relative minimum: (1, —2)
-5 7
-3

—4

Domain: (—oo, c0)
Range: [0, 2)
Sawtooth pattern

59.

63.

67.

71.

73.
75.
77.
79.
83.
87.

61. ,

L
74 cnunn e
ot
34
Even 65. Neither
8 6
o 0 - f ?
-4 -6
Even 69. Neither
2 3
6 l". J‘ 6 \
Y N
-6 -1
Neither
3
5 1
-1
@ (.4 ® (. —4)
(@ (=4,9) () (-4,-9)
@ (=x,—y) () (=x,y)
(a)—(c) Neither 81. (a)-(c) Odd

85. (a)-(c) Even

(a)—(c) Odd
" 89. "

\j,

(—o0.4]

(b)

(—o0, —3],[3, o)
91. (a) C, is the appropriate model. The cost of the first minute is
$1.05 and the cost increases $0.08 when the next minute
begins, and so on.

4 $2.49
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93.
9s.

97.
99.
105.

107.
109.

111.
115.

h=—-x2+4x—-3,1<x<3
(a) 1090 (b) Increasing from 2000 to
2005; decreasing from 2005
N t0 2008
(¢) About 850
0 8
0
False. Counterexample: f(x) = /1 + x?
c 100. d 101. b 102. e 103. a 104.

Yes. To check whether x is a function of y, determine whether

any horizontal line can be drawn to intersect the graph more

than once.

Yes

(a) Even. g is a reflection in the x-axis.

(b) Even. g is a reflection in the y-axis.

(c) Even. g is a vertical shift downward.

(d) Neither. g is shifted to the right and reflected in the
X-axis.

Proof 113. Terms: —2x2, 8x; coefficients: —2, 8

X . 1
Terms: 3 —5x2, x3; coefficients: 3 -5,1

117. (a) —17 (b) 1  (¢) —x*2+3x + 1
119. h +4,h # 0
Section 1.4 (page 47)
1. Horizontal shifts, vertical shifts, reflections
3. —f(), f(=x)
5. '

Y 7. y

£ ()
\

15.

X

Answers to Odd-Numbered Exercises and Tests

17.

19. (a)

21.

23
25
27
29
31
33

35.
37.
39.

(©

(e)

A51

The graph of f(x) = x? should have been shifted one unit to the
left instead of one unit to the right.

Vertical shift two units upward

Horizontal shift four units to the right

Vertical shift two units downward

Vertical shiftof y = x;y =x + 3

Vertical shift of y = x%,y = x2 — 1

Reflection in the x-axis and a vertical shift one unit upward of
y=Vry=1-Jx

Reflection in the x-axis

Reflection in the y-axis (identical)

Reflection in the x-axis
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A52 Answers to Odd-Numbered Exercises and Tests

41. Vertical stretch 43. Vertical shrink
45. Horizontal shrink
47. 4

g is a horizontal shift and
h is a vertical shrink.

49. 4 g is a vertical shrink and a
reflection in the x-axis and

h is a reflection in the y-axis.

AL

51. (a) f(x) = x?

(b) Horizontal shift five units to the left, reflection in the
x-axis, and vertical shift two units upward

(D g) =2 —flx+5)
53. (a) f(x) = 22
(b) Horizontal shift four units to the right, vertical stretch, and
vertical shift three units upward

© 7 (d) glx) =3 +2f(x — 4)

55. (a) f(x) = °
(b) Horizontal shift two units to the right and vertical stretch

(d) glx) = 3f(x —2)
57. (a) f(x) = x°
(b) Horizontal shift one unit to the right and vertical shift
two units upward

(0) i @) gx) =flx—1) +2

59. @) f) =+

(b) Horizontal shift eight units to the left and vertical shift
nine units downward

(© 1t (d) gx) =flx +8) =9

61. (a) f(x) = |x|
(b) Horizontal shift one unit to the right, reflection in the x-axis,
vertical stretch, and vertical shift four units downward

@) glx) = =2f(x = 1) — 4

~

(©

63. (@) f(x) = Vax
(b) Horizontal shift three units to the left, reflection in the
x-axis, vertical shrink, and vertical shift one unit downward

© @ gl) = —3f(x+3) — 1

=

— 0w AW

65. (a) Horizontal shift 24.7 units to the right, vertical shift 183.4
units upward, reflection in the x-axis, and a vertical shrink

(b) 250

M

0 20
0

(©) G(r) = F(r + 10) =

—0.099[(t + 10) — 24.7] + 183.4
—0.099(t — 14.7)2 + 183.4

To make a horizontal shift 10 years backward (10 units
left), add 10 to z.
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67.

69.
71.
73.
79.

False. When f(x) = x%, f(—x) = (—x)?> = x2. Because
f(x) = f(—x) in this case, y = f(—x) is not a reflection of

y = f(x) across the x-axis in all cases.

x=—-2andx =3

Cannot be determined because it is a vertical shift

c 175. ¢ 77. Answers will vary.

(a) The graph of g is a vertical shrink of the graph of f.
(b) The graph of g is a vertical stretch of the graph of f.

81. Neither
83. All real numbers x except x = 9
85. All real numbers x such that —10 < x < 10
Section 1.5 (page 56)
1. addition, subtraction, multiplication, division
3. glx) 5. 2x
7. ’ 9. Y
4
3
h
2
1
e i EERI A
-1
-2
+
@2 M6 ©2-9 (@ i_;

13.

15.

17.
19.
29.
33.

37.

41.
43.

All real numbers x, except x = 3
(@x>—x+1 OB xX+x—1
x2

) x2—x3 () I
—x

All real numbers x, except x = 1

(@ x>+5+J/1—x B x2+5—-IJ1—x

x2+5
2 + —
© (x2+5JV1—x (@ N x< 1
x+1 x—1 1
(@) 2 (b) 2 (© e dx, x#0
9 211 23140 25 —%  27.42— 2+ 1
2

—1256 — 5002 + 5t +2 3L i,_lz

3 35. 4

h/8
- 7 ° . 4
/ h
8

-3 -2

10 39.

6
el ff /
f+g
-14 \\ 16 -9 4 9
B T

0 6
f(x),0 <x<2; f(x),0 <x<2;
glx),x > 6 fx),x > 6

@ @x-1% ®Mx*-1 (@©1

(a) 20 —3x (b) —3x (c) 20

Answers to Odd-Numbered Exercises and Tests

45. (a) All real numbers x such that x > —4
(b) All real numbers x
(c) All real numbers x
47. (a) All real numbers x
(b) All real numbers x such that x >
(c) All real numbers x such that x > 0
49. (a) All real numbers x except x = 0
(b) All real numbers x
(c) All real numbers x exceptx = —3
51. (a) All real numbers x
(b) All real numbers x
(c) All real numbers x
53. (a) All real numbers x
(b) All real numbers x except x = +2

+
+2

(c) All real numbers x except x =
55. () (feg)) = Va2 + 4
(gof)x)=x+4 x> —4
Domain of f- g: all real numbers x
(b) s feg#gof

g°f
-6 6
0

57. (@) (f-8)) = x; (g °f)x) = x;

Domain of f- g: all real numbers x

(b) 6 feg=g°f

feg=g°f

6

59. (a) (fog)(x) =x% (g°f)(x) = x4

Domain of f - g: all real numbers x

(b) e feg=g°f

RN

\
fog=g°f

w

61. (a) (fog)x) =24 — 5x (g of)x) = —5x
(b) 24 — 5x # —5x
(©)

X 0 1 2 3

glx) 4 3 2 1

(feg)x) | 24 | 19 | 14 | 9

X 0 1 2 3

f(x) 41 9 14 19

(gNx) | 0] =5 ]| 10| —15

63. @) (feg)®) = 2+ L(gef)m=x+1x>—6

B x+1+/2+1
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A54 Answers to Odd-Numbered Exercises and Tests

(©) 89. False. g(x) = x — 3
X 0 1 2 1 .

91. (a) OM(Y)) = 2(6 + EY) = 12 + Y; Answers will vary.
(b) Middle child is 8 years old, youngest child is 4 years old.

3
4
93. Proof 95. Proof 97. a, c
(few | 1 | V2| V5] V10 99. (0, —5), (1, =5), (2, —7)
3

g(x) -5 | —4 | —1

0 : 5 101. (0,2V6), (1, v/23),(2,2/5)
* 103. y = 10x + 38 105, y = —39 4 34
&) Ve VT V8|3 Section 1.6 (page 67)
(g =/)x) ! 2 3 4 1. inverse, /7! .y=x 5. At most once
65. (@) (f28)(x) = [26]: (g o)) = 2]’ T =E % =T
(b) 2] = 2[x[? 11 f'(x) = 2(x -1 13 () =2
© ~ ~ 15.¢ 16.b 17.a 18.d
* Sl I 19. £(30) = F(¥x) = (V) = x
g —16 | =2 [0 |2]16 g(f(x) = g(x?) = Vo = x
(fo2)) 16 2 |0o|2]16 i oy
-6 6
x 2 -1]o0]1]2 —/f
f(x) 2 1 [o]1]2 -
. Reflections in the line y = x
(gl | 16 | 2 |0 ]2]16 2. f(e(x) = FG2 + 4), x>0

67. (@3 (MO 69.(0 (b4 =J(x?+4) —4=x
71. f(x) = x3 glx) = 2x + 1 g(f(x) = 8( X = 4)
73-f(x)_\3[,g(x)=x2—4 (  — 4)2+4:x

75. f(x) = o — g)=x+2
77. f(x) = x2 + 2x gr)y=x+4

79. (a) T = 3x + 1552 //‘f’f

(b) 300 0 0—' 15
L Z Reflections in the line y = x
23 f(gl) = fT=x) =1 - (¥T—x) =x
. . g(f() = g1 —x) =YT— (T -2) =x
0 4
(c) B. For example, B(60) = 240, whereas R(60) is only 45. &

81. (a) r(x) = % ®) A() = 72 (¢) (A-n)(x) = 77-(%)2

(A © r)(x) represents the area of the circular base of the tank
with radius x/2.
83. (a) T = 1272 + 7541 + 1220

h

Reflections in the line y = x

—4

0 20 2. @ fst) = 1259
T 7( 2
, _ 7 X + 6> 33—y
— (2
e e s = (35~ 3)
0 2
85. (a) N(T(¢)) or (N - T)(1) = 4012 + 590; N(T(z)) or (N - T)(z) 2(-2x-3)+6
represents the number of bacteria after ¢ hours outside the -5 =
refrigerator. (b) 6
(b) (N-T)(6) =2030; There are 2030 bacteria in a f
refrigerated food product after 6 hours outside the i *-g-_x\ .
refrigerator. H'i““-.__\
(c) About 2.3 h \
87. s(t) = /(150 — 450¢)> + (200 — 450¢)? -6

= 501622 — 126t + 25
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(©)

fo) | -3 10| 4 | —24

X -3 | —10 4 —24

gx)| o 2 -2 6

27. (@) f(g) =f(¥x—5)=(x -5 +5=1x
gf) =g +5 =Y +5 —5=x

b 8
(b) i

E—

(©)

gx) | 0

—

-1 | -2 4

29. (a) f(g(x) = f(8 + x?)

-JB8+x) -8
=—-J2=—(-x)=x,x<0
(—vx=38)

g(fx) =g
=8+ (—vx—8)
=8+ (x—8 =x,x=>8
(b) 24
8
-9 n 36

g |8 9 | 12] 15

3L () flglx) = f(%)

o)

8(f(x) = g(2x)

= _
) X
(b) .
!
8
-6 6
-4

Answers to Odd-Numbered Exercises and Tests A55

3. @ fg) = (-

35.
37.
39.

43.
45.

49.

53.

©OF T4l =2]0l2]4

fo)| -8 40|48

X 8| 401|418

g) | 4] -2101]2]|4

5x+1>

)
)

o sx+ 1 =x x#1
(-2
U = (*1)
X*l 6x
+
5<x+5> ! x+5
= x—1 = 6 =x, x# —5
(x+5> LI5S
(b) 6
L P
-12 12
I ¢
p—
-10
Oy T-s]2]-1]o[2]3]4
fO =2 | 1| 4| L3 ]1]!
X -2 -1 -1 _% 1|1 %
g)| -3 -2 -1 0 |2]3]|4

Yes. No two elements in the domain of f correspond to the

same element in the range of f.

No. —3 and 0 both correspond to 6, so fis not one-to-one.

Not a function 41. Function; one-to-one
Function; one-to-one
8 47. 3
-4 \ 8 -3 3
-2 -1
One-to-one Not one-to-one
6 51. I
-6 6
—12 12
-2 -2

Not one-to-one Not one-to-one

4 55. 8
~10 / / 2 -12 12
—4 E— -8
One-to-one Not one-to-one
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A56

57.

59.
63.
67.

71.

75.

79.

81.

83.

85.

Answers to Odd-Numbered Exercises and Tests

An inverse function exists.

61. f(x) = 5’“3_ 4

65. fl(x) = Jx—3
69. fi(x) =2—xx=0

Not one-to-one
Not one-to-one

Fi =52

) x>0
x+3
2

i) = 73, f1x) = Y

_6‘70 ‘6

-2 -4

Reflections in the line Reflections in the line

y=x y=x
f(x) = x5/ 77. f~1x) = V4 — X2,
2 0<x<?2
s s
3 s
—f-1
r f=r
-2
0 4
Reflections in the line 0
y=x The graphs are the same.
4
Fw ="
X
4
6 \ 6
=/

The graphs are the same.

0= Vx+2

Domain of f: all real numbers x such that x > 2
Range of f: all real numbers y such that y > 0
Domain of £~ all real numbers x such that x > 0
Range of f~!: all real numbers y such that y > 2
) =x-2

Domain of f: all real numbers x such that x > —2
Range of f: all real numbers y such thaty > 0
Domain of £~ all real numbers x such that x > 0
Range of f~!: all real numbers y such that y > —2
)= Va—=3

Domain of f: all real numbers x such that x > —3
Range of f: all real numbers y such thaty > 0
Domain of f~!: all real numbers x such that x > 0
Range of f~!: all real numbers y such that y > —3

87.

89.

91.

93.
101.

103.

105.
111.
115.

117.

119.

121.

123.

125.

N ) L)

[ ==

Domain of f: all real numbers x such that x > 0
Range of f: all real numbers y such thaty < 5
Domain of f~!: all real numbers x such that x < 5
Range of f~!: all real numbers y such thaty > 0
fx)=x+3

Domain of f: all real numbers x such that x > 4
Range of f: all real numbers y such thaty > 1
Domain of f~!: all real numbers x such that x > 1
Range of f~!: all real numbers y such thaty > 4

X —4
f')

-212|3

—111/(3

I 95 -2 9.0 99.2
(a) and (b)
5 (c¢) Inverse function because it
f 1 satisfies the Vertical Line Test.
i
-6 _/f: 6
-3
(a) and (b)
4 (c) Not an inverse function because
! it does not satisfy the Vertical
6 6 Line Test.
f71
-4
32 107. 600 109. 23/x + 3
x + 1 x+ 1
113.
2 3 2

(a) fis one-to-one because no two elements in the domain
(men’s U.S. shoe sizes) correspond to the same element
in the range (men’s European shoe sizes).

(b) 45 (¢) 10 (d) 41 (e) 13

(a) 19 9 64 64 4 69 29 4 64 9 104 29 94

(b) f(x) = %; What time

False. For example, y = x? is even, but does not have an

inverse.

This situation could be represented by a one-to-one function.

The inverse function would represent the number of miles

completed in terms of time in hours.

This function could not be represented by a one-to-one

function because it oscillates.

The graph of f~! is a reflection of the graph of f in the line

y=x.
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127. (a) The function will be one-to-one because no two values of
x will produce the same value for f(x).
(b) f7'(50) represents the value of 50 degrees Fahrenheit in
degrees Celsius.
129. Constant function 131. Proof 133. 9x, x # 0
135. —(x +6), x#6 137. Not a function
139. Not a function

Section 1.7 (page 76)

1. positive 3. Negative correlation

5. (a) ,

[ d
50—+ eg00
40+ s

3
0T e sales, y.
20e

Monthly sales
(in thousands of dollars)

x
1 2 3 4

Years of experience

9. No correlation
13. (a) and (b)

7. Negative correlation
11. (a) and (b)

y

(b) Yes, the data appear
60+ somewhat linear.
More experience, X,
corresponds to higher

4+ °
NI
24 °
N
s AT
e
5
o}
©y=x
15. y = 046x + 1.6
(@ >

e 5

b

® X -3 | -1 0 2 4
Linear equation | 0.22 | 1.14 | 1.6 | 2.52 | 3.44
Given data 0 1 2 3 3

The model fits the data well.

17. (a) d (b) d = 0.07F — 0.3
21 R (¢) d = 0.066F
o7 R (d) 3.63 cm
s 5+
E 4+ °
Z T
=] [ ]
£,]
CRE
@ > F

2’0 4’0 6’0 8’0 1(')0
Force (in kilograms)

Answers to Odd-Numbered Exercises and Tests

19. (a) and (¢)

21.

23.

25.

200

/

0 I————————1] 10
0

The model fits the data well.
(b) T = 12.37t + 24.04

(d) 2010: $147.74 million; 2015: $209.59 million;

Answers will vary.

A57

(e) 12.37; The slope represents the average annual increase

in salaries (in millions of dollars).
(a) and (c)

12,000

{fﬁ

0 35
6000

(b) P = 3898t + 86554

@ Year 2010 2015 | 2020 | 2025 2030
Actual | 9018 9256 | 9462 | 9637 9802
Model | 9045.2 | 9240.1 | 9435 | 9629.9 | 9824.8

The model fits the data well.
(e) 10,604,400 people; Answers will vary.
(a) y = 47.77x + 103.8
(b) 250

1 3

(c) The slope represents the increase in sales due to

increased advertising.
(d) $175.455
(a) T=—0.019r + 4.92
r = —0.886

(b) The negative slope means that the winning times are

generally decreasing over time.

(C) 5.4
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A58

27.

Answers to Odd-Numbered Exercises and Tests

d
@ Year 1952 1956 1960 1964 1968
Actual | 5.20 4.91 4.84 4.72 4.53
Model | 4.88 4.81 4.73 4.65 4.58
Year 1972 1976 1980 1984 1988
Actual | 4.32 4.16 4.15 4.12 4.06
Model | 4.50 4.43 4.35 4.27 4.20
Year 1992 1996 2000 2004 2008
Actual | 4.12 4.12 4.10 4.09 4.05
Model | 4.12 4.05 3.97 3.89 3.82

The model does not fit the data well.
(e) The closer |r| is to 1, the better the model fits the data.

(f) No; The winning times have leveled off in recent years, but

the model values continue to decrease to unrealistic times.
True. To have positive correlation, the y-values tend to increase
as x increases.

29. Answers will vary.
3. (a) 10 (b) 2w +5w+7 33 -3 35 -13
Review Exercises (page 82)
1. Y 3. Y
8+ 2t 7,12
6L 10+
4 8T
(-3,2) 8,2) 6l
I I I I I AT
4 2 2 6 s 24
-2 } bttt
4t 2| 2 g oppE o 0on
m=0 m is undefined.
5. Y 7. Y
6 456"
\.\6,
o1 (5, %) (2.1,3)
1) N
B A NN
-2 -4
_3 _ _5
m=3 m= -1
9. x — 4y — 6 =0;(6,0), (10, 1), (=2, =2)
11 3x — 2y — 10 = 0; (4, 1), (2, =2), (=2, —8)
13. y — 6 =0:(0,6),(1,6),(—1,6)
15. x — 10 = 0: (10, 1), (10, 3), (10, —2)
17. y = —1 19. y =14
1 6
-3 3
-6 6
-3 -2

21.

25.
29.
33.

35.
39.
43.
45.
47.
49.
51.
53.
5S.

59.

63.
65.
67.

69.

71.

73.

—4

V = 850r + 12,500
$210,000

M@y =3x—F

-4

27. V= 4270t + 625.5
2 ) y= —%x + %

(a) Not a function because element 20 in A corresponds to two
elements, 4 and 6, in B.

(b) Function
Not a function
Function
(@) 2
(@) =3

(b) 10
(b) —1

37. Function

41. Not a function

(c) b+ 1
(c) 2

d) x2—2x +2
d 6

All real numbers x except x = —2
All real numbers x such that =5 < x < 5

(a) C = 5.35x + 16,000

2h+4x +3, h#0

4

[

(b) P =2.85x — 16,000

57. 9
W‘d_f

T

I

—4

Domain: all real numbers x

Range: (—oo, 3]

8

R

4
Domain: [—6, 6]
Range: [0, 6]

61.

1
Domain: [—3, co)
Range: [4, co)

9

\/

-1

Domain: all real numbers x
Range: [2, o)

Function. Solve for y and graph the resulting function.
Not a function. Solve for y and graph the two resulting functions.

(a) 6

Al
|

(b) Increasing on (—oo, —1), (1, oc0)

-6

Decreasing on (—1, 1)

(a) 14

0 21
0

(b) Increasing on (6, co)
Relative maximum: (0, 16)
Relative minima: (=2, 0), (2, 0)
Relative maximum: (3, 27)
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Answers to Odd-Numbered Exercises and Tests

79. Even

81. Even 83. Neither 85. Even

87. Rational function f(x) = i

Horizontal shift three units right
1
gW =73
89. Quadratic function f(x) = x2
Vertical shift one unit upward, horizontal shift two units right
gh) = =27 +1
91. Absolute value function f(x) = |x|
Vertical shift three units upward
gx) = |x| +3
93. " 95. 7

1
97. (a) Rational function f(x) = o

(b) Vertical shift six units downward 107.
(c) Y @) hx) =f(x) —6 117.
14 119.
-5-4-3-2-1 |} 1 2 3 45 !
] 121.
3
4t 123.

99. (a) Cubic function f(x) = x3
(b) Horizontal shift two units right, vertical shift five units 125.
upward 129
d) hlx) = —-2)+5 ’
(© y (d) hlx) = flx —2) 131
1 23456738
135.

101. (a)
(b) Reflection in the x-axis, vertical shift six units upward

Square root function f(x) = /x

103.

105.

139.
141.

A59

(0) 7 (d) h(x) = —f(x) + 6

- 0w A U=

(a) Absolute value function f(x) = |x|
(b) Vertical shift nine units upward

(©) 1t (d) h(x) = flx) +9

1
(a) Rational function f(x) = p

(b) Horizontal shift one unit left, reflection in the x-axis,
vertical stretch, vertical shift three units downward

l (d) hx) = =2f(x+1) =3

y

(©)

=7 109. —42 111. 5
J0) = gl = x + 3

fx) = Vx, g(x) = d4x + 2
@) =g =x+2

3500

113. 17 115. —97

() :% 127. f'(x) = 2x — 6

Answers will vary.
6 133. 6

-9 / 9 -9

-6 -6

One-to-one
3/x+3
4

One-to-one
fx) =2x + 10 137. f'(x) =

' x) =x2-10,x=>0
fix) = Vax — 4 143. Negative correlation
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A60

145.

147.

149.

151.

Chapter Test

1.

2
3.
4
6
10.
11.

12.

13.

. (@ —9
. C = 25.60x + 24,000

Answers to Odd-Numbered Exercises and Tests

(@

Grade-point average
~

x
65 70 75 80 85 90 95

Exam score
(b) Yes. Answers will vary.
@ _
g 40 )
3 35
2
5 30 °
5 25
3
S 20 [
E 15
<10 o
3 s
o 1
1 2 3 4

Time (in seconds)

(b) Answers will vary.

Sample answer: s = 10 — 0.4

(¢) s = 9.7t + 0.4; r = 0.99933

(d) 24.65 m/sec

False. The point (—1,28) does not lie on the graph of the
function g(x) = —(x — 6)> — 3.

False. For example, f(x) = 4 — x = f '(x).

(page 86)
(@ 5x+2y—8=0 (b) 2x—5y+20=0

y=—x+1

No. To some x there correspond two values of y.

® 1 () |t—4]—-15 5. (—o0, 3]
7. Odd 8. Even

P = 73.9x — 24,000

. Increasing: (—2,0), (2, o0); Decreasing: (—oo, —2), (0, 2)

Increasing: (—2,2); Constant: (—oo, —2), (2, o0)
13

15 lU/l% 15
7

Relative minimum: (—3.33, —6.52)

Relative maximum: (0, 12)

8

I
i

—4

Relative minimum: (0.77, 1.81)

Relative maximum: (—0.77, 2.19)

(a) Cubic function f(x) = x3

(b) Horizontal shift five units to the right, reflection in the
x-axis, vertical stretch, and vertical shift three units
upward

(©) i

14. (a) Square root function f(x) = /x
(b) Reflection in the y-axis and horizontal shift seven units to
the left

(©) |

—16-14-12-10 -8 -6 -4 722

—4+

15. (a) Absolute value function f(x) = |x|
(b) Reflection in the y-axis (no effect), vertical stretch, and
vertical shift seven units downward

16. (@) 2> — V2 —x, (—00,2]  (b) % (—o0,2)
- X

@ V2 -2 [-v2. V2]

18. No inverse
20. C = 1.686¢ + 31.09; 2012

(©) 2—1x, (—o0,2]
17. f(x) = Ix— 8
19. 1) = (07 x>0

Chapter 2

Section 2.1 (page 96)

1. nonnegative integer, real 3. Yes; (2, 3)
5. ¢ 6. d 7. b 8. a

9.

Horizontal shift three units
to the left

Reflection in the x-axis
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17.

19.

23.

27.

29.

33.

35.

37.
41.
45.
49.

53.

5S.

59.
63.

fx)=x*—2x—3

-2 -1 1
—14

2 3 4 5 6

24

Horizontal shift three units
to the right

Horizontal shift one unit

to the left

Parabola opening downward
Vertex: (0, 25)

Parabola opening upward ~ 21. Parabola opening upward

Vertex: (0, —4) Vertex: (—4, —3)

Parabola opening upward ~ 25. Parabola opening upward

Vertex: (4, 0) Vertex: (3, 1)

Parabola opening downward

Vertex: (1, 6)

Parabola opening upward ~ 31. Parabola opening downward

Vertex: (3, 20) Vertex: (—1,4)
x-intercepts: (1, 0), (=3, 0)

Parabola opening upward

Vertex: (—4, —5)

x-intercepts: (—4 + V5, 0)

Parabola opening downward

Vertex: (4, 1)

x-intercepts: (4 + %ﬂ, O)

y=—(x+12+4 39. f(x) = (x+ 22 +5

y=4x—12-2 4. y=-{ax—3)+1
(5,0), (=1,0) 47. (—4,0)
3 51. 5

J

/ -20 } 20
-4 8 \

-5 -40

(=3.0).(6.0)

|

(2]
-._,>

o

-3
(7,0), (= 1,0)
57. f(x) = 2x2 + Tx + 3
glr)= —x2+2x +3 gr)=—-2x2—-7x -3
55, 55 61. 12,6

(a) al

| — 2 ————

1 200 — 2x
(b) r=7yd=ym —

5 ©y=

Answers to Odd-Numbered Exercises and Tests

65.

67.
69.

73.
75.

. (a) 4500

A61

) A = x(200 — 2x)
T

(C) 2000

o

100
x=50m,y =—"m
T

(a) 120 (b) 3 ft

0 250
0

(c) About 104 ft  (d) About 228.6 ft

(@) A= —22+ 112x — 600  (b) x = 28 in.
(a) $54,000; $61,600; $61,200  (b) $79

(c) $62,410  (d) Answers will vary.

TN

5 50
1000

(b) 1966; 4155 cigarettes; Yes, the warning had an effect
because the maximum consumption occurred in 1966.

(c) 1852 cigarettes per year; 5 cigarettes per day

True. The vertex is (0, — 1) and the parabola opens down.

c,d

77. Horizontal shift z units to the right

79. Vertical stretch (z > 1) or shrink (0 < z < 1) and horizontal
shift three units to the right
81. b = £20 83. b =48 85. Proof
87. y = —x* + 5x — 4; Answers will vary.
89. (1.2,6.8) 91. (2,5),(—=3,0)
93. Answers will vary.
Section 2.2 (page 109)
1. continuous
3. (a) solution (b) (x —a) (c) (a,0)

5.
9.
14.
17.

No 7. f(x,) >0

f 10. h 11. ¢ 12. a 13. e
d 15. ¢ 16. b
y

4l

3l

o1

L
St X
-3 -2 1 2 3 4 5

24

—34

-4+

Horizontal shift two units
to the right
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AG2 Answers to Odd-Numbered Exercises and Tests

19. y 21 45. (2) (4,0), (£5,0)
4 44 (b) 130
34 3+
2+ 24
i
o e e X
-4 -3 -2 -3 -2 1 1 2 4 5 -6 [—F 6
ot -10
34 () (—5,0), (4,0), (5,0); Answers are the same.
-t 47. (@ (0,0), (3,0) (© (0.0).(25.0)
Reflection in the x-axis and Reflection in the x-axis and (b) 2 Answers are the same.
vertical shift one unit upward  horizontal shift two units
to the right l[\
23. 8 25. 12 -2 6
7
e L 5
o { ? f/ W 49. +5 (multiplicity 1) 51. 3 (multiplicity 2)
f 53. 1, —2 (multiplicity 1)
-8 20 55. 2 (multiplicity 2), 0 (multiplicity 1)
Yes, because both graphs Yes, because both graphs -5+ J3
have the same leading have the same leading ST —— 2 (multiplicity D
coefficient. coefficient. 59, 4
27. 6 No, because the graphs \ }
§ have different leading s o
9 9 coefficients. U U
! -
-6 Zeros: +1.680, +0.421
29. Rises to the left, 31. Falls to the left, Relative minima: (+1.225, —3.500)
rises to the right falls to the right Relative maximum: (0, 1)
33. Falls to the left, 35. Falls to the left, 61. ”
rises to the right falls to the right j
37. (a) (2 + /3.0 (© (0.27,0), (3.73, 0); [
(b) 2 Answers are approximately S } 0
-7 f " the same. =
Zero: —1.178
Relative minimum: (0.324, 5.782)
o Relative maximum: (—0.324, 6.218)
4
. @ (=1,0.0,0) (© (~1.0).(1,0); 63.
(b) Answers are the same. ﬂ A
-6 6
\ | i
-6 S 6 -4
- Zeros: —1.618, —0.366, 0.618, 1.366
41. (a) (0,0), (i /2. 0) (©) (=141,0), (0,0), (141, 0): Relative miniinum: (0.101, —1.050)
. . Relative maxima: (—1.165, 3.267), (1.064, 1.033)
(b) Answers are approximately 5 5 5
the same. 65. f(x) = x? — 4x 67. f(x) = x> + 5x% + 6x
. ] 69. f(x) = x* — 4x3 — 9x2 + 36x
(U 71.f(x)—x—2x—2
73. f(x) = x> — 10x> + 27x — 22
-4 75. f(x) = x>+ 5x2+ 8x + 4
43. (a) (J_r V5, 0) (c) (—2.236,0), (2.236, 0); 77. f(x) = x* + 203 — 23x2 — 24x + 144
(b) — Answers are approximately 79. flx) = —x3 —4x? —5x — 2
10 10 the same.
45
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Answers to Odd-Numbered Exercises and Tests A6G3

(c) and (d)

85. (a) Falls to the left, rises to the right 95. (a) 3
() (0,0),(3,0),(=3,0) 1 o
(¢) and (d) y B J
-5
(—=1,0),(1,2),(2,3) (—=2,—1),(0,1)
1 6 810 (b) —0.879, 1.347, 2.532 (b) —1.585,0.779
99. (a) 20 101. 35
A
87. (a) Falls to the left, rises to the right 12 T 8
(d) (0,0), (3.0) -25 3
(c) and (d) ! (=1,0),(3,4) Two x-intercepts
(b) —0.578,3.418
103. 10 105. 6

-10 10 J
-9 [ 9

-150 -6
y-axis symmetry Origin symmetry
89. (a) Falls to the left, falls to the right Two x-intercepts Three x-intercepts
(b) (+2,0), ( + /5, O) 107. Three x-intercepts
(c) and (d) y U\J
%##%%‘2$#%%##V -4 16
—12 -8 -4 4681012 ]d'
-6
109. (a) Answers will vary. (b) Domain: 0 < x < 18
© . (d) %
Height, x | Volume, V
* 1 1156 PN
91. (a) Falls to the left, rises to the right 2 2048 s ,
(b) (£3,0) 3300
(c) and (d) y 3 2700 Y =6
: } 4 3136
-20 -12 S 121620 5 3380
6 3456
7 3388
S<x<7
93. (a) Falls to the left, falls to the right 111. (200, 160)

(b) (=2,0),(2,0)
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A64 Answers to Odd-Numbered Exercises and Tests

113. (a) 1400

/

19

180,000
The model fits the data well.
(b) 14,000

-

8 30
10,000

Answers will vary. Sample answer: You could use the
model to estimate production in 2010 because the result
is somewhat reasonable, but you would not use the model
to estimate the 2020 production because the result is
unreasonably high.

(C) 100

IS

8 19

5

The model fits the data well.
200

.

8 30

5

Answers will vary. Sample answer: You could use the
model to estimate production in 2010 because the result
is somewhat reasonable, but you would not use the model
to estimate the 2020 production because the result is
unreasonably high.

115. True. The degree is odd and the leading coefficient is — 1.
117. False. The graph crosses the x-axis at x = —3 and x = 0.
119. 9
Y1
-6 6
N
-5
121. 69 123, —5%¥ =~ 2873  125. 109
127. x > -8 129. —26 <x <7
¢ x 7
“10 -8 =6 —4 -2 0 2 E - x

—F -+
-39 -26-13 0 13 26 39

Section 2.3 (page 124)

1. f(x) is the dividend, d(x) is the divisor, ¢(x) is the quotient,
and r(x) is the remainder.
3. constant term, leading coefficient
5. upper, lower 7.7 9. 2x +4, x # -3
L. 3 +32— 1, x#-2 13.x2-3x+1, x# —3

2% — 3
15. Tx2 — 14x + 28 — > 17 345 — =
x+2 2x2 + 1
x+9 17x — 5
19. x — 20 2 — 2
9. x x2+1 * x2—=2x+1

23.

27.
31.
33.

37.
39.

41.

43.
45.
47.
51.
53.
5S.

57.
59.

61.
63.
65.

67.

69.

71.
73.
79.

85S.

24
3x2 —=2x+5, x#5 25.6x2-i-25x+74-i-x_83
9x2 — 16, x # 2 29. x2 — 8x + 64, x # —8
4x2 + 14x — 30, x # —3

10 35. 6
-15 15 -9 \ / 9
~
-10 -6
fx) =(x—4)x2+3x—2)+3, f4) =3

) = (x - ﬁ)[xz +(3+ V2)x+ 3ﬂ] -3,
f(V2) = -3

fO=x-1+ ﬂ)[4x2 ~2+43)x—(2+ Zﬁ)]
fli=v3)=o0

@ -2 ®1 © -1 @S5

@@ —35 () 22 (c) —10 () —211
x—2)x+3)x—1) 49. 2x — D(x — 5x —2)

Zeros: 2, —3,1 Zeros: %, 5,2

(a) Answers will vary.  (b) (2x — 1), (x — 1)

© (x+2)x—D2x—1) (@ —2,1,3

(a) Answers will vary.  (b) (x — 1), (x — 2)

© =95 +4Hx—-—DHx—-2) @ —4,1,2,5
(a) Answers will vary.  (b) (x + 7), 3x — 2)

© @x+1)Bx—2)x+7) () —7.-%3
+1,+3;+1, =3

41,43, 5,49, 415,445, 45, 43, +3, 45 +
-1,3,3,5

4, 2, or 0 positive real zeros, no negative real zeros
2 or O positive real zeros, 1 negative real zero

9

45
, £33

vl

(a) 1 positive real zero, 2 or 0 negative real zeros
(b) £1,+2,+4

! d —2,-1,2
© e @21

\

-7

(a) 3 or 1 positive real zeros, 1 negative real zero
(b) +1,%2,+4,+8,+3

© 1
I Yin|
|

-8

d -3 1,24

(a) 2 or 0 positive real zeros, 1 negative real zero
1,313 .1 .3 1 .3 1 /3
(b) £1, 43, 43, 43, £3, +3, +5, 3, £16, 16, £33, £33

© 6 @ —4 31

IR

-2

Answers will vary; 1.937, 3.705

Answers will vary; +2 75. +2, J_r% 77 il,%
d 8.a 8L.b 8.c 8. -32+.31
—1,%,4i\/17 87. —Z,O,li% 89. —1,2
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91.
95.
99.

101.

103.

10s5.

-6,41 93 -3,-314
-1+ V7 5 3
p— [ — . —_—— p— i -
3,0, 2 97 > 2, 1,2
(@) —2,0.268,3.732 (b) —2

© ht)y=(+2)(t—2+ L3)t—2~- J3)
(a) 0,3,4,—1.414,1.414 (b) 0,3,4
© h(x) = x(x — 3)x — Hx + V2)(x — V2)

(a) 100 (b) The model fits the data well.

0 20
0

(c) About 116 subscriptions; No, because you cannot have
more subscriptions than people.

(a) Answers will vary.

(b) 18,000

0 30
0

20 x 20 x 40
+
© 1552155

15— 155
2

represents a negative volume.

107. False. If (7x + 4) is a factor of f, then —% is a zero of f.
109. —2(x — 1)*(x + 2)
111, —(x —2)x+2)x+ D(x — 1)
113. () x+ 1, x#1 by *+x+1, x#1
@© x3+x2+x+1, x#1
x"—ll =xt"l+x"2+. .. +x2+x+1, x#1
X —
5 -3+.3
115. += 117. —————
3 2
Section 2.4 (page 133)
L(ii (i (i 3.1511i 5 —2+4i
7.a=-9,b=4 9.a=3,b=5 11. 5+ 4i
13. -6 15. —1 = 5i 17. =75 19. 0.3i
21. =3+ 3i 23. 7 + 3i 25. —14 + 20i
27. % +3 29, —42+ 75 3112 + 20i
33.5+i 35. —20 + 32i 37. 24 39. —13 + 84i
41. 80i  43. 4 —3i;25  45. —6 + /50341
47. —/20i; 20 49. 3+ /—-2;11 51. —6i
53. 5L+ 3% ss. 5+5i 57. 1o — ekl
59. 1 -2 61L& +2L  63.3(V2- V6)i
65. 4+2(f— JI1)i 61 —2/3  69. —10
71. —2—4J6z 73. 451 75. 1%
77. -2 + 79. é —V 81. 2+ J2i
83.% 7 85. —1+6i 87. —3753i
89. i 91. (a) 8 (b) 8 (c) 8; Answers will vary.
93. @1 i () —i (@ —1
95. False. Any real number is equal to its conjugate.

Answers to Odd-Numbered Exercises and Tests

97.

A65

False. Example: (1 + i) + (1 — i) = 2, which is not an
imaginary number.

99. True. Answers will vary.
101. V/=6-6 = (V6i)(V6i) = 62 = —6
103. 16x2 — 25  105. 322 + Zx — 2
Section 2.5 (page 140)
1. Fundamental Theorem, Algebra 3. n linear factors
S.c¢c 6. a 7. d 8. b
9 and 11. Answers will vary.
13. Zeros: 4, —i, i. One real zero; they are the same.
15. Zeros: ﬂi, ﬂi, — ﬂi, — ﬂi. No real zeros; they are
the same.
17.2+ /3
(x—2— \/§)(x—2+ \/§)
19. 6 £ /10
(x—6— \/E)(x—6+ \/W)
21. +5i
(x + 5i)(x — 5i)
23. +3 +3;
(2x — 3)(2x + 3)(2x — 3i)(2x + 3i)
25, 1+ \2/@1
1 — J/223i 1+ /223i
(Z T2 )(Z T2 )
27. +i,+3i
(x + i) — i)(x + 3i)(x — 3i)
29. 3,_41
(Bx — 5)(x — 4i)(x + 4i)
31. —5,4+3i
(t+5)@—4+3)F—4— 30
33. 1+ /50, —%
(Gx + Dlx — 1+ S5i)(x — 1 — J5i)
35. 2,2,+2i
(x — 2)2(x + 2i)(x — 2i)
@73 0 (x-7-3)x-7+ /3)
© (7% 3.0)
39. (@) 5, %2 (b)) (2x —3)(x - 2)x +2) (© (.0)
41. (@) —6,3+4i (b) (x +6)(x —3 — 4i)(x — 3 + 4i)
(©) (—6,0)
43. (a) £4i,+3i (b)) (x + 4i)(x — 4i)(x + 3i)(x — 3i)
(c) None
45. f(x) = x> — 22+ x— 2
47. f(x) = x* — 12x3 + 53x2 — 100x + 68
49. f(x) = x* + 3x3 — 7x2 + 15x
51. (a) —(x — D(x + 2)(x — 20)(x + 2i)
(b) flx) = —(x*+ x>+ 2x2 + 4x — 8)
53. (@) —2(x + Dx — 2 + J/5i)(x — 2 — J/5i)

55.

57.

59.
65.

(b) flx) = —2x3 + 6x2 — 10x — 18

@ @+ D=7 0 @+ D+ VT)x - V7)
© (r + D = i)+ V7)x = V7)

(a) (x2 — 6)(x2 — 2x + 3)

®) (x + V/6)(x — V/6)x2 — 2x + 3)

(0 (x + \@)(x - \@)(x -1- )(x -1+ ﬁz)
—3,+5i 6L —3,5+2i  63. —3, 1+ /3i
21+ V50 67. (a) 1.000,2.000 (b) —3 + J2i
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AGG Answers to Odd-Numbered Exercises and Tests

1 9. (a) Domain: all real numbers x except x = *+1
69. (@ 0.750  (b) 5 ?i ®) P
71. No. Setting & = 50 and solving the resulting equation yields * ) * i
imaginary roots. 0.5 -1 1.5 5.4

73. False. A third-degree polynomial must have at least one real zero.
75. Answers will vary.

77. Parabola opening upward 0.99 —147.8 1.01 152.3
(7 81
Vertex: (2, - 4)

79. Parabola opening upward

Vertex: (—l%, —%)

0.9 —12.79 1.1 17.29

0.999 | —1498 1.001 | 1502.3

Section 2.6 (page 147) : ) . J
. . . 5 3.125 -5 3.125
1. rational functions 3. vertical asymptote
5. (a) Domain: all real numbers x except x = 1 10 3.03 —10 3.03
O & f®) x| f) 100 | 3.0003 || —100 | 3.0003
0.5 -2 1.5 2 1000 | 3 —1000 | 3.000003
0.9 —10 1.1 10 (c) f approaches co from the left and —oo from the right of
0.99 ~100 1.01 100 x = — 1. fapproaches — oo from the left and co from the
right of x = 1.
0.999 —1000 || 1.001 | 1000 11. a 12.d 13. ¢ 14. ¢ 15. b 16. f
17. Vertical asymptote: x = 0
X f(x) X f) Horizontal asymptote: y = 0
5 025 _s 016 19. Vertical asymptote: x = —3,2
: Horizontal asymptote: y = 2
10 01 —-10 —0.09 21. Vertical asymptote: x = 2
— — Horizontal asymptote: y = —1
100 0.01 —100 —0.0099 Hole at x = 0
1000 | 0.00T —1000 | —0.000999 23. Vertical asymptote: x = 0
Horizontal asymptote: y = 1
(c) f approaches —oo from the left and oo from the right of Hole atx = =5
x = 1. 25. (a) Domain: all real numbers x
7. (a) Domain: all real numbers x except x = 1 (b) Continuous
(b) (c) Horizontal asymptote: y = 3
* f&) * /&) 27. (a) Domain: all real numbers x except x = 3
0.5 3 15 9 (b) Not continuous
(c) Vertical asymptote: x = 3
0.9 27 1.1 33 Horizontal asymptote: y = 0
0.99 297 1.01 303 29. (a) Domain of f: all real numbers x except x = 4
Domain of g: all real numbers x
0.999 | 2997 || 1.001 | 3003 (b) Vertical asymptote: none; Hole in fat x = 4
(©)
7 f(x) 5 (%) X 11213 4 516 7
5 375 -5 —-25 f(x) 5 6 7 Undef. 9 10 11
10 | 333 || —10 —2.727 g) [ 5|6 |7 8 9| 10| 11
100 | 303 || —100 | —2.97 @ -
1000 .003 —1000 | —2.997
3.003 . / .
(c) fapproaches oo from both the left and the right of x = 1.

-4

(e) Graphing utilities are limited in their resolution and
therefore may not show a hole in a graph.
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31.

33.
37.
45.

47.

49.

51.
53.

5S.

57.
61.

(a) Domain of f: all real numbers x except x = —1,3
Domain of g: all real numbers x except x = 3
(b) Vertical asymptote: x = 3; Hole in fatx = —1
(©)
X -2 -1 0|1 2 3 4
f) % Undef. % 0 | —1 | Undef. | 3
g | 2 : 110 | —1 | Undef. | 3
d >
—
-5 10
-5
4; less than; greater than 35. 2; greater than; less than

+2 39. 7 41. —1,3 43. 2
(a) $28.33 million; $170 million; $765 million
(b) 2000

0 100
0

Answers will vary.
(c) No. The function is undefined at the 100% level.
(@)

M | 200 400 600 800 1000

t 0.472 | 0.596 | 0.710 | 0.817 | 0.916

M | 1200 | 1400 | 1600 | 1800 | 2000

t 1.009 | 1.096 | 1.178 | 1.255 | 1.328

The greater the mass, the more time required per oscillation.

(b) M = 1306 g

(a) 210 The model fits the data well.
0 20
1300

(b) 1412 thousand; 1414 thousand; 1416 thousand; Answers
will vary.

(c) y = 1482.6; Answers will vary.

1
False. ———— has no vertical asymptote.
X2+ 1 ymp

No. If x = ¢ is also a zero in the denominator, then f is
undefined at x = c.

10
-5 5

-10

Both graphs have the same slope.

x—y—1=0 59.3x—y+1=0
42 34
_te 2 _ o

x+9+x_4 63. 2x 9+x2+5

Answers to Odd-Numbered Exercises and Tests AG7

1.

Section 2.7 (page 157)
slant, asymptote 3. Yes
y 7- ¥y
6 | : 6
4 | | 4
24 E .
= T o s B
L ! E i
6l | |

13.

17.

21.

25.

Horizontal shift four units

to the right

4

E’f

[

Vertical shift

1
1
1
|
1
1
1
i
-3 1 -1
1
1
1
1
1
|
1
y

11.

15.

Reflection in the x-axis,
horizontal shift three units
to the left
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AGS8 Answers to Odd-Numbered Exercises and Tests

29. " 31.

There is a hole at x = —3. There is a hole at x = —1.
33. 4 35. ’

I \_

1
-4 -1
Domain: (—oo, 1), (1, o0) Domain: (—oo, 0), (0, o0)
Vertical asymptote: x = 1 Vertical asymptote: ¢ = 0
Horizontal asymptote: Horizontal asymptote: 57. (—1,0) 59. (1,0), (—1,0)
y= -1 y=3 61. 6 Domain: (—oo, —1), (—1, o0)
37. . Domain: (- oo, o0) . Vertical asymptote: x = —1
Horizontal asymptote: y = 0 12 2 §lant asymptote: y = 2x — 1
-6 jL 6 -10
- 63. 12 Domain: (— oo, 0), (0, o0)
39. e Domain: \J Vertical asymptote: x = 0
(o0, =2),(=2,3),(3,0) \ Slant asymptote: y = —x + 3
-9 ==e|9  Vertical asymptotes: -12 12
x=—-2,x=13 n
Horizontal asymptote: y = 0 . .
-6 65. Vertical asymptotes: x = £2; horizontal asymptote: y = 1;
41. 10 Domain: (—oo, 0), (0, c0) slant asymptote: none; holes: none
K Vertical asymptote: x = 0 67. Vertical asymptote: x = —%; horizontal asymptote: y = 1;
-15 15 Horizontal asymptote: y = 0 slant asymptote: none; hole at x = 2
N 69. Vertical asymptote: x = —2; horizontal asymptote: none; slant
— asymptote: y = 2x — 7; hole atx = —1
71. 6 73. 6
43. 8 There are two horizontal
asymptotes, y = +6.
(_ y p y 1 \H“ 7 -10 3 T | 8
—12 12 __“ I
-6 -6
. (~4.0) (-30)
45. 16 There are two horizontal asymptotes, 5 ’ . - » .
y = %4, and one vertical asymptote, : % : 7
x=—1 ’ e
-24 24 .
—_— -9 9 -10 8
S e
-16 - /
-6 -6
47. 12 The graph crosses the horizontal
-3+ V5
asymptote, y = 4. (3,0),(—=2,0) ( > f, O)
|
-10 14
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79.

83.

85.

87.

89.

91.

8 81. 7
_/ //
-10 8 /”'
/ -5 7

—4 1

None < Sk 65, 0)
4

(a) Answers will vary.

(b) [0, 950]
(©

0 950

7

The concentration increases more slowly; the concentration
approaches 75%.

(a) Answers will vary.

(d) (2,00)

(C) 100

\

0 20
50

5.9in. x 11.8 in.

300

:

0 ————=—"——"-—"1300
0

x =40
(a) C = 0. The chemical will eventually dissipate.

(b)

0

0

t=45h
(c) Before about 2.6 hours and after about 8.3 hours

(@) A = —0.2182¢ + 5.665

20

7

1

®) A= 50302 = 0,020

IS

/

o

Answers to Odd-Numbered Exercises and Tests

93.

95.

97.

99.
103.

107.

A69

© Year 1999 | 2000 | 2001 | 2002
Original data, A 3.9 3.5 33 2.9
Model from (a), A 3.7 3.5 3.3 3.0
Model from (b), A 4.0 35 32 29
Year 2003 | 2004 | 2005 | 2006
Original data, A 2.7 2.5 2.3 2.2
Model from (a), A 2.8 2.6 2.4 2.2
Model from (b), A 2.7 2.5 2.3 2.2
Year 2007 | 2008
Original data, A 2.0 1.9
Model from (a), A 2.0 1.7
Model from (b), A 2.0 1.9

Answers will vary.
False. The graph of a rational function is continuous when the

polynomial in the denominator has no real zeros.
4

-4

The denominator is a factor of the numerator.

Horizontal asymptotes:
If the degree of the numerator is greater than the degree of
the denominator, then there is no horizontal asymptote.
If the degree of the numerator is less than the degree of the
denominator, then there is a horizontal asymptote at y = 0.
If the degree of the numerator is equal to the degree of the
denominator, then there is a horizontal asymptote at the
line given by the ratio of the leading coefficients.

Vertical asymptotes:
Set the denominator equal to zero and solve.

Slant asymptotes:
If there is no horizontal asymptote and the degree of the
numerator is exactly one greater than the degree of the
denominator, then divide the numerator by the denominator.
The slant asymptote is the result, not including the remainder.

512

x3

101. 3
7 105. 5

T

-1 -1

Domain: (—oo, o)
Range: (—oo, 0]

Domain: (—oo, o)
Range: [\@, oo)
Answers will vary.
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A70 Answers to Odd-Numbered Exercises and Tests

Section 2.8 (page 165) @ [ 1213 ] 4] s
1. Quadratic 3. Quadratic 5. Linf:ar 7. Neither Actual,y | 40 | 65 | 88 | 106 | 139
9. (a) *? (b) Linear
PR () y=0.14x + 2.2 Model, y | 3.6 | 6.1 | 85 | 11.0 | 135
e @ &
r”‘)-‘/’-‘ x 6 7 8 9 10
0 10
0 Actual,y | 150 | 17.5 | 20.1 | 24.0 | 27.1
°5 10 Model, y | 16.0 | 18.5 | 20.9 | 23.4 | 259
© X 0 1 2 3 4 5 15. (a) 8% (b) Quadratic
(c) y = 0.14x> — 9.9x + 591
Actual,y | 2.1 | 24 | 25|28 |29 | 3.0 .
Model, y | 22 | 23 | 25 | 2.6 | 2.8 | 29 freeert
0350 55
X 6 7 8 9 10 (d) 650
Actual,y | 3.0 | 32 | 34 | 35 | 3.6 \\\—//
Model,y | 3.0 | 3.2 | 3.3 | 3.5 | 3.6
0 55
11. (a) 51 _ (b) Quadratic 350
. (c) y = 5.55x% — 277.5x + 3478 (e) B 0 5 10 15 20 25
", . Actual,y | 587 | 551 | 512 | 478 | 436 | 430
0 — 60
0 Model, y | 591 | 545 | 506 | 474 | 449 | 431
(d) 5100
x 30 | 35 | 40 | 45 | 50
\ Actual, y | 424 | 420 | 423 | 429 | 444
°% ® Model, y | 420 | 416 | 419 | 429 | 446
© 17. (@) °
x 0 5 10 | 15 | 20 | 25 .
Actual, y | 3480 | 2235 | 1250 | 565 | 150 | 12 . ) )
—-A_._A_l_.
Model, y | 3478 | 2229 | 1258 | 564 | 148 | 9 1S 2
(b) P =0.13231> — 1.8931 + 6.85
X 30 35 40 45 50 55 (c) 5 (d) July
Actual, y | 145 | 575 | 1275 | 2225 | 3500 | 5010 .
Model, y | 148 | 564 | 1258 | 2229 | 3478 | 5004
1 12
13. (a) ® (b) Linear :0
E (©) y=248x + 1.1 19. (@ -
0 . 1
0 0 10
(d) 30 30
(b) P = —0.56382 + 9.690¢ + 32.17
(C) 80
0 11
0
0 10
30
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21.

23.

25.
27.
29.

31.

35

(d) 2014; No. By 2021, the model gives negative values for

the number of Internet users.

(a) 320

6

220

(b) T =797t + 166.1

r? = 0.9469
(c) 20

6

220

19

(d) T = 04592 — 3.51r + 2324

r? = 0.9763
(e) 0

6

220

(f) Quadratic

(g) Linear: 2014
Quadratic: 2011

True. See “Basic Characteristics of Quadratic Functions” on

page 91.

The model is consistently above the data points.

@ (fog)lx) =2¢* +5

(b) (g -f)x) = 4(x* —x + 1)

@ (feg))=x () (gf)x) =x
Flix) = % B ) =Vx—5
1+3i;10 37, 5i;25
Review Exercises (page 170)
3.

1.

Vertical shift two units

downward

Horizontal shift two units
to the right

Horizontal shift five units

to the left, vertical shift

two units downward

Answers to Odd-Numbered Exercises and Tests

7. Parabola opening upward

11.
13.

15.

19.

Vertex: (—%, 1)

y

4 4 4 4 4
1 1 1 1 ‘ 1

-4 -3 -2 -1 1

x-intercept: none

5 41
Vertex: (*2, D

0

0

x=4,y=2

X

. Parabola opening upward

©A=—Sx—4P+8x=4y=2

They are the same.

y

Horizontal shift four units

to the left

17.

. <—5 + J41
x—mtercepts: f

s

A71

)

Reflection in the x-axis,

vertical shift two units

upward

Reflection in the x-axis,

horizontal shift seven units
to the left, vertical shift two

units downward
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A72

21.

23.

27.

29.

31.

33.
35.
37.

39.

41.
43.

47.

51.

53.

57.
59.

61.

12 Yes. Both functions are of
the same degree and have
15 positive leading coeftficients.

8

-12

Falls to the left,
falls to the right

25. Rises to the left,
rises to the right

(@ x=-1,0,0,2
(b) 4 (©x=-1,0,0,2;

\ j They are the same.

-6 6

—4
(@ 1=0+J3
(b) 4 (c) t=0,£1.73;

} They are the same.

(c) x=-3,-3,0;
They are the same.

-5
flx) = x* —5x3 = 3x2 + 17x — 10
f) =x3—Tx2+13x - 3
(a) Rises to the left, rises to the right
(b) x=-3,-1,3,3
(¢) and (d) Y

@ (=3,-2),(=10),(0.1)
(b) x = —2.25, —0.56, 0.80

(a) (—3,-2),(2,3) (b) x=—257,2.57
8 + 5+ 45. x2 -2, x # =1
3x — 2
3+.5 10
+ . 3x2+ 50+ 8+
S5x + 2, x # 2 49, 3x 5x + 8 ]
0.25x3 — 4.5x> + 9x — 18 + 36
x+ 2
6)63—27)c,x7&g 55. 3x2 4+ 2x + 20 + 28
3 x—4
(a) —421 (b) —156
(a) Answers will vary.  (b) (x + 1)(x + 7)

© fW=c—-—Hxc+1D)x+7) W x=4,-1,-7
(a) Answers will vary.  (b) (x + 1)(x — 4)

© f) = x+2)x—3)x+ Dx—4)

d x=-2,3,-1,4

Answers to Odd-Numbered Exercises and Tests

3 3 1 1
63. +1,+£3,%5,+7, 3, £5

65. 2 or 0 positive real zeros ~ 67. Answers will vary.
’%

1 negative real zero xX=73
69. x=2-3+J7 TLx=-1333 73.6+5i
75. 2+ 7Ti 77. 3+ 7i 79. 40 + 65i
81. —4 — 46i 83. —80 85. —26 + 7i 87. 3+ 9i
89. 1 —6i 9L 3t +5i 93 x=+4i
3 J15 5 V47
Lx= >t ' Lx=2 % '
95. x 2 2 i 97. x 6 6 i
99 and 101. Answers will vary.
103. x =0,2,2
105, x = 4, > E Y131 > 150,
34+ V150 3 — J15i
e R A

107. x =2, -3 1+ i;
x—2)2x+3)x—1+i)x—1—1)
109. x = 0, —1,+/5i; x2(x + D(x + V/5i)(x — V/5i)
111. (a) x=2,1 %1
b x—2)x—1—-Dx—1+1) () (2,0
113. (@) x= —6,— 1,5 (b) —(x + 1)(x + 6)(3x — 2)
© (=6,0),(~1,0),(3,0)
115. (a) +3i,+5i
(b) (x — 3i)(x + 3i)(x — 5i)(x + 5i)
117. f(x) = x* — 2x3 + 17x% — 50x — 200
119. f(x) = x* + 9x3 + 48x> + 78x — 136
121. (@) (x2+9)(x2 —2x — 1)
b 2+ 9x—1+ /2)(x—1-V2)
© (x+3)x—3)(x— 1+ 2)x—1-V2)
123. x = —3,+2i
125. (a) Domain: all real numbers x except x = —3
(b) Not continuous
(c) Vertical asymptote: x = —3
Horizontal asymptote: y = —1
127. (a) Domain: all real numbers x except x = 6, —3
(b) Not continuous
(c) Vertical asymptotes: x = 6, x = —3
Horizontal asymptote: y = 0
129. (a) Domain: all real numbers x except x = 7
(b) Not continuous
(c) Vertical asymptote: x = 7
Horizontal asymptote: y = —1

(c) None

~[S

131. (a) Domain: all real numbers x except x = +

(b) Not continuous

6
2
Horizontal asymptote: y = 2

(c) Vertical asymptotes: x = +

133. (a) Domain: all real numbers x except x = 5, —3
(b) Not continuous
(c) Vertical asymptote: x = —3
Horizontal asymptote: y = 0
135. (a) Domain: all real numbers x
(b) Continuous
(c) Horizontal asymptotes: y = +1
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137. (a) $176 million; $528 million; $1584 million
(b) 5000

0 100
0

Answers will vary.
(c) No. As p — 100, the cost approaches co.

139. Vertical asymptote: x = —1
Horizontal asymptote: y = 1
Hole at x = 1

141. Vertical asymptote: x = —1

Slant asymptote: y = 3x + 2

143. 145.
147. 149.
151. 153.
0 25
0
) 304,000; 453,333;
702,222
(b) 1,200,000, because N
has a horizontal
asymptote at y = 1200.
155. Quadratic 157. Linear
159. (a) 65 (b) 6500
0 9 0 9
5800 5800
(c) § = —3.49¢2 + 76.3t + 5958; r> = 0.8915
(d) 6500
0 9
5800

Answers to Odd-Numbered Exercises and Tests

A73

(e) Cubic; The cubic model more closely follows the pattern
of the data.

(f) 7157 stations

161. False. For the graph of a rational function to have a slant
asymptote, the degree of its numerator must be exactly one
more than the degree of its denominator.

163. False. Example: (1 + 2i) + (1 — 2i) = 2

165. Answers will vary.

167. The first step is completed incorrectly: / —4 = 2i # 4i

Chapter Test (page 175)

1. Vertex: (—2, —1)

10.

11.
13.

16

19.
20.

Intercepts: (0, 3), (—3,0), (—1,0)
.y=(x—-32-6
. 0, multiplicity 1; —3, multiplicity 2
s

x—2

-7

Wi

x==I, —
x=—1,4+ /3i
(c+ Dx— 4+ S3i)x — 4 — J3i)
—9—18i 12. 6 + (25 + J14)i
13+4i 14 —17+ 14 15 2+ 35
L1 +20 0 175+ 50 18 x =530
x=liﬁi

y 21.

=

Nk O ® O
e
J
N
N
1 N
N
N
4 N\
N\
D
1 N
N\

____/__._

~ w4

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

CYALdVHD



A74 Answers to Odd-Numbered Exercises and Tests

22. 21. Right shift of five units 23. Left shift of four units and
Y reflection in the x-axis
84 f g
;
6
5
4
3
2 X
x 1
44#1&%4;2; !
23. (a) ™ (b) A =0.861#2 + 0.03¢ + 60.0
L 25. Right shift of two units and downward shift of three units
0 ) 9 ST 8
50 44
(c) ™ 3T
.l
_
43 -2 -1 e
-1
0 9
50 —_—
The model fits the data well.
(d) $146.4 billion; $184.3 billion 27. (@ ¢ (b) e = 7.3891

. v
(e) Answers will vary. ﬁ TR
tooeo |}

Chapter 3 R i

0 100

) o Ya=7, 8994132085
Section 3.1  (page 189) 29. 9897.129  31. 54.164
1. transcendental 3. Horizontal shift one unit to the left 33. . -1 To | )
5. 4112.033 7. 0.006
9, y 11. ; ) | 016 | 04 | 1]25]625
N
N
5]
J
T~ 5 :
y = 0, (0, 1), increasing y =0, (0, 1), decreasing *
13. Y 15. ’

Asymptote: y = 0

3. X -2 | -1 101} 2

fx) | 0030171636

y = 0, (0, 1), increasing y = 0, (0, 1), decreasing
17. d 18. a 19. ¢ 20. b

— N W A U ® o

vvvvv

et
-5-4-3-2-1 1 2 3

Asymptote: y = 0
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37.

f)

2
1

—p—t————t +——+—>x
76757473727141234

Asymptote:

39.

X -1

y | L.

1.33

10

\““““

[ R R N A =}

P T
——+—

—4-3-2-1

Asymptote:

41.
X

fx)

0.37 | 0.14

PR

4

Asymptote: y = 0

43.
X

-6

=5

f&)

0.41

1.10

8.15

22.17

— 0 WA U ® O
PR R
11—

Asymptote: y = 0

Answers to Odd-Numbered Exercises and Tests

45.

47.

49.

51.

53.
55.

X 3 4 5 6 7
flx) | 2.14 | 237 | 3| 472 | 9.39
o]
8-
74
64
54
4
3
I
Sl e serse
Asymptote: y = 2
t -2 | —-110 1 2

s@) | 157 | 177 | 2 | 2.26 | 2.54

Asymptote: y = 0
(a) 1

() y=0,y=38

() 10
-15 15

—]

—10

(b) y=-3,y=0,x=347
(86.350, 1500)
(a) z

1

(b) Decreasing on (— oo, 0), (2, co)
Increasing on (0, 2)

(c) Relative minimum: (0, 0)
Relative maximum: (2, 0.54)
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A76 Answers to Odd-Numbered Exercises and Tests

57. B 1 N 4 12 73. (a) %0
A | $3047.49 | $3050.48 | $3051.99 | $3053.00 /
n 365 Continuous " 30
b
A | $3053.49 | $3053.51 ®OT 5 16 17 18 19
S | ) 4 B P | 40.14 | 40.53 | 40.93 | 4133 | 41.73
A | $5477.81 | $5520.10 | $5541.79 | $5556.46 t 20 21 22 23 24
B 365 Continuous P | 42,14 | 42.55 | 42.96 | 43.38 | 43.80
A | $5563.61 | $5563.85 ¢ 25 26 27 28 29 30
61. ; | 10 20 P | 4423 | 44.66 | 45.10 | 45.54 | 45.98 | 46.43
(c) 2037
A | $12489.73 | $17,901.90 | $26,706.49 75. True. The definition of an exponential function is f(x) = a*,
a>0,a#1.
t 30 40 50 77. d
A | $39,841.40 | $59,436.39 | $88,668.67 79. A
;
63. b=+
t 1 10 20 5
4
A | $12,427.44 | $17,028.81 | $24,165.03 3
2
t 30 40 50 ' .
-A-i-‘z-iljr 12 3 4
A | $34,291.81 | $48,662.40 | $69,055.23 -

65. $1530.57  67. $17,281.77 3% < 4*whenx > 0

+
69. (a) y, = 500(1 + 0.07)" 8l.> 83> 8. f(x)=" s !
4 _
Yy = 500(1 + 0'4ﬂ> ' 87. f7'(0) =x =8 89, Answers will vary.
y3 = 5006007 Section 3.2 (page 199)
2000

1. logarithmic function 3. a°%*=x 5, b =a°
7.8 =64 9.72=g 11.3225=4
13.212= /2 15.logg125 =3  17. logg, 3 =+

0 2 19. log6§ =-2 21. log, 4 = a 23. 4 25. -3
0 27. 2.538 29. 7.022 31. 9 33. 2 35. %
(b) y; yields the highest return after 20 years. 37. 3x 39. -3
Yo ™V = $6836 41. :

ys — ¥, = $24.40

y; — ¥ = $92.76

71. (a) 10g  (b) 7.85¢
(©) Q

123456738

Mass of '*C (in grams)

4000 8000
Time (in years)
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49.

51.
55.
57.
59.

61.
67.
71.
75.
81.
89.

93.
95.
97.

99.

47. ¥

-1 |f1 23 456789

Domain: (0, co)
Vertical asymptote: x = 0

Domain: (—2, co)

Vertical asymptote: x = —2
x-intercept: (—1,0) x-intercept: (3, 0)

¥ Domain: (2, o)

Vertical asymptote: x = 2

x-intercept: (%, 0)

b 52.¢ 53.d 54.a

Reflection in the x-axis

Reflection in the x-axis, vertical shift four units upward
Horizontal shift three units to the left and vertical shift two
units downward

e =1 63. ¢!l = ¢ 65. ¢'\2 = Je
21972... =9 69, In20.0855. . .=3
In3.6692...=13 73.In13956...=%
In44816...=3  77. 1.869  79. 0.693
2 8318 8.0 87.1

y 91. y

st
Pt
3t
2t
L+

-8-7-6-5-4-3-2-1\ 1 2

Domain: (—oo, 0)
Vertical asymptote: x = 0
x-intercept: (—1, 0)

Domain: (1, o)

Vertical asymptote: x = 1
x-intercept: (2, 0)
Horizontal shift three units to the left

Vertical shift five units downward

Horizontal shift one unit to the right and vertical shift two
units upward

(@ <

T

1

(b) Domain: (0, co)

(c) Decreasing on (0, 2); increasing on (2, co)
(d) Relative minimum: (2, 1.693)

Answers to Odd-Numbered Exercises and Tests

101.

103.

105.

107.

109.
111.

113.

115.
117.
123.

A77

(a) °

2

(b) Domain: (0, oo)

(c) Decreasing on (0, 0.368); increasing on (0.368, co)
(d) Relative minimum: (0.368, —1.472)

(a) 4 &
ﬁ ~

(b) Domain: (—oo, —2), (1, o0)
(c) Decreasing on (—oo, —2); (1, c0)
(d) No relative maxima or minima

(a) 2

-6
(b) Domain: (— o0, 0), (0, o)
(c) Decreasing on (— oo, 0); increasing on (0, co)
(d) No relative maxima or minima
(a) 3 (b) Domain: [1, c0)

o

—1

(c) Increasing on (1,00)  (d) Relative minimum: (1, 0)

(1) 80 (b) 68.12  (c) 62.30
@Il ] 2 4 6
t |0 1260|2521 | 3257
K| 8 10 12
t | 37.81 | 41.87 | 45.18

It takes 12.60 years for the principal to double.
(b) 60

-5 20
I

-10
(a) 30yr, 10 yr
(b) Total amount: $323,179.20; interest: $173,179.20
Total amount: $199,108.80; interest: $49,108.80
False. Reflect g(x) about the line y = x.
2 119.; 12L. b
log, x is the inverse of a* only if 0 < @ < 1 and a > 1, so
log,, x is defined only for0 < a < 1 anda > 1.
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A78 Answers to Odd-Numbered Exercises and Tests

125. (a) . [peme 65. (a) 1
-4 8
A f \y -2 22
/f § _2
—4 b
(b) 4 O T 2 3 4 5 6
y=Inx
% v, | 1.61 | 387 | 524 | 6.24 | 7.03 | 7.68
-4 8
/ \.»-4 v, | 1.61 | 387 | 524 | 6.24 | 7.03 | 7.68
-4
1 1 1 x | 7 8 9 | 10 | 11
== 1) =30 =12+ 30— 1P =50 = 1*
Answers will vary. v, | 824 | 872 | 9.16 | 9.55 | 9.90
. @0 717 s [ 10 102 v, | 824 | 872 | 9.16 | 9.55 | 9.90
fx) | 0] 032]023 | 0046 © v, =,
67. (a) ©
X 10* 10°
F(x) | 0.00092 | 0.0000138 T
(b) 0 ok 10
129. (x + 3)(x — 1) 131. (4x +3)(3x — 1)
(b)
133, (4x + 5)(dx — 5) 135, x(2x — 9)(x + 5) x 0 3 4 5

137. 15 139. 275  141. 27.67
Section 3.3 (page 207)

y, | Error 4.39 4.85 5.34

¥, | Error 4.39 4.85 5.34

In 24
1. change-of-base 3. log; 24 = 1
l | In3 x 6 7 8
0810 X Inx 0810 X Inx
5> @ies Ons TG log,, 1 (b) n! v, | 578 | 617 | 653
10810 76 In 75 10g,0 X In x v, | 578 | 617 | 653
. (a) —21010 —10 9 2
% @ oga @ na @ 0,26 ® moe
13. 1.771  15. =2 17. —0.059  19. 2.691 © yi =y
21. In5 + In4 23. 2In5 —In4 25. 1.6542 69. In 4x 1. 10g4£ 73, logz(x + 3)2
27. 0.2823 Y 5
29. 4 3. ¢ 75. InV/ 2+ 4 T In——— 79 In—
\ v " (x +1)3 T2
_5 ‘l/.r‘""-d___— 7 -1 " X 3 .X(.X + 3)2
8. In——— 83 InJ3/— L
n (x2 — 4)2 n x2—1
_4 —4 85. (a) 6

33. 4 35. 5 . / \ .

Al I ]

. - b

3 ) ° ®) X -5 —4 -3 -2 —1
37.3  39.4+4log,3 41.6+In5 43.1n6-2
45. Answers will vary.  47. log,, 5 + log,, x yi | =236 | =151 | —045 | 094 | 2.77
49. log,,t — log,,8 5L 4loggx  53. 3lnz
55.Inx+Iny+Inz 57. logga + 3logg b + 2logg ¢ 72 2.36 151 0451094 | 277

59. %lnx—%lny
61. In(x + 1) + In(x — 1) = 3Inx, x > 1
63. 4Inx +5Iny — Snz i | 416|277 1094 | —045 | —1.51 | —2.36

Yo | 416 | 2.77 | 094 | —045 | —1.51 | —2.36
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Answers to Odd-Numbered Exercises and Tests A79

©) ¥y =y 107. (a) B = 120 + 10 log,,/
87. (a) 5 (b)
I | 1074 | 10°¢| 108 | 10710 | 10712 | 1014
// Bl 8 | 60 | 40 20 0 -20
-2 10

- 109. (a) ©
® T - 0 1 2 L
¥y | Error | Error | 0.35 1.24 o .. 20
20
Y, | Error | Error | 0.35 1.24 (b) T = 54.4(0.964) + 21
80
X 3 4 5
The model fits the data.
yi | 179 | 219 | 251
Y | 179 | 219 | 251 R 2
20
© = © 2
89. (a) 6
. \ , .,
\'1?( 0] 30
0
-6 In(7T — 21) = —0.037¢ + 3.997
— H(—0.037r+3.99
(b) . s 4 3 s . T = (70037143997 4 2]
(d) 0.07
v | 322 | 277 | 220 | 1.39 0 .
Y, | Error | Error | Error | Error | Error A )
0 30
X 0 1 2 3 4 5 0
1
vy | Error | 0 | 1.39 | 220 | 2.77 | 3.22 T-o1 0.0012¢ + 0.0162
Y, | Error | 0 | 1.39 | 220 | 2.77 | 3.22 — 1
r 0.0012¢ + 0.0162 2l
(¢) No. The domains differ. 80
91. (a) 8

\\\

) \ . . “

20

€ YHLdVHD

-~ 111. True  113. False. f(V/x) = 3 £(x)
b 115. True. When f(x) = 0,x =1 < e.
®) —4 -3 0 3
2 117. The error is an improper use of the Quotient Property of
v, | Error | Error | Error | 1.61 1ogar1th;ns.
S 2 _ /2
v, | 248 | 1.61 | Error | 1.61 =g ~ e~/ 4
1 2
= - = +
B 4 p p 21nx > In(x> + 4)
119. In1 =0 In9 = 2.1972
i | 248 | 304 347 In2 ~ 0.6931 In 10 = 2.3025
y, | 2.48 | 3.04 3.47 In 3 = 1.0986 In 12 = 2.4848
In4 = 1.3862 In 15 = 2.7080
(c) No. The domains differ. In5 =~ 1.6094 In16 = 2.7724
93. 2 95. 6.8 In6 = 1.7917 In 18 = 2.8903
97. Not possible; —4 is not in the domain of log, x. In8 = 2.0793 In 20 = 2.9956
99. 2 101. —4 103. 8 105. —%
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A80

Answers to Odd-Numbered Exercises and Tests

121. No. 113. y = log,x, &’ =x
Domain of y;: (—o0,0), (2, o0) log, @® = log, x
Domain of y,: (2, 00) ylog,a = log, x
4
123. 25 125 180y 127.3+ U7 129, +4,+3 — log.x
2y log, a
. _log,x Inx
Section 3.4 (page 217) log, x = loga Ina
l.@x=y b x=y (@©x (@d«x 3.7 115. (a) B 5 3 4 5 p
5. Subtract 3 from both sides. 7. (a) Yes (b) No
9. (a) No (b) Yes (c) Yes, approximate In2x | 1.39 | 1.79 | 2.08 | 2.30 | 2.48
11. (a) Yes, approximate (b) No (c) Yes
13. (a) Yes (b) Yes, approximate  (c) No (5.6)
15. " 17. 20 (b) ° (c) 5512
| e J[} g
f
-4 8
% j -2 //— 10
-9 ] 9 1
-1 -20 -2
(3,8);3 (4,10); 4 5512
9. -2 21. ; 7. @, 2| 13| 14 | 15| 16
g (% i
f’ 79 ) 0 6logy(0.5x) | 9.79 | 10.22 | 10.63 | 11.00 | 11.36
-50 275 / (147 15)
-5 -6
(b)) * (c) 14.988
(243, 20); 243 (—4,-3); —4
23. 2 25. —4 27. =2 29. —4 31. In 14
33.1og,,36 35.5 37.5 39.¢° 4L 5
e+ 1 0 21
43. 0.1 45. 5 47. x? 49. x? 51. 2x — 1 o
53.x2+6  55.0944 57.2  59. 184.444 14.988
61. 0.511 63. 0 65. — 1.498 67. 6.960 119. 1.469, 0.001 121. 2.928 123. 3.423
69. —277.951 71 1.609  73. —1,2 125. T 127. T
M
75. 0.586, 3.414 77. 1.946 79. 183.258 Vi
81. (a) j)’z
) X 0.6 0.7 0.8 0.9 1.0 12 / 12 ¥
R -30 30
e | 6.05 | 817 | 11.02 | 14.88 | 20.09 iy 10
(4.585,7) (—14.979, 80)
(08, 09) . 129, 4 :
(b) ] 7—-"‘ (663.142, 3.25)
/ y2
_3 - 3 0 — 700
© 0528 - 131. —1,0 133. 1 135. ¢7V/2 = 0.607
¢) 0.
Iny —Ina
83. 21330  85. 3.656 137. 1~ 0368 139, b
87. . : ) 89. : 141. b+ Jelny —Ina)  143. (@) 924yr  (b) 14.65 yr
/ 145. (a) 27.73 yr  (b) 43.94 yr
\ 20 — 2 147. (a) 682 units  (b) 779 units 149. 2008
— 151. (a) '
-30 -4
x = —0.427 x = 12.207
91. 0.050 93. 2.042 95. 1 97. 4453.242
99. 17.945 101. 103 103. 5.389 00 6
105. 1.718, —3.718 107. 2 109. No real solution

(b) ¥y = 20. The object’s temperature cannot cool below the
room’s temperature.
(c) 0.81 hr

111. 180.384
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Answers to Odd-Numbered Exercises and Tests A81

153. False; ¢* = 0 has no solutions. Half-Life Initial Amount After
155. The error is that both sides of the equation should be divided Isotope (years) Quantity 1000 Years
by 2 before taking the natural log of both sides. 25. 22%Ra 1599 10g 6.48 g
2¢* = 10 27. “C 5700 3g 2.66¢g
=5 29. y = (0768 31,y = 4e 02773
Ine* =1n5 33. (a) Decreasing. The negative exponent indicates that the
x=1In5 model is decreasing.
157. Inverse Property. You would take the natural log of both (b) 333,680 people; 317,565 people; 308,272 people
sides, which would give you x In 5 = 1n 34. So, (c) 2014
In 34 35. (a) 0.0189  (b) About 1,534,104 people
TR 37. About 15,601 yr ago
. . In2 39. (a) V= —8305t + 49,200 (b) V = 49,200 0205
159. Yes. The investment will double every —, years. (c) 5000

161. " 163. "
24 18+
1+ 15+
R s 3 4 U 0 6
0

L L I
-4-3-2-1 | 2 3 4

T9-6-3.| 36 9 12
4 234
0 - /\
165. i
5 0

(d) Exponential model (e) 0 <t < 2;¢t=2
x 41 (a) °= (b) 100

70 115

43. (a) About 203 animals  (b) About 13 mo
(c) 1300

+ +—+ X
1 3 4
0

0

100

The horizontal asymptotes occur at p = 1000 and p = 0.

Section 3.5 (pa ge 228) The asymptote at p = 1000 means there will not be more
than 1000 animals in the preserve.
L@iv ®i (i @vi (i () v 45. (2) 10,000,000 (b) 125,892,541 () 1,258,925
3. sigmoidal S. Exponential decay 47. (a) 20 dB (b) 70 dB (c) 120 dB
7.¢ 8¢ 9b 10.a 1.4 12.f 49. 97.49%  51. 464  53. About 31,623 times
Initial Annual Time to Amount After 55. (a) 120,000 (b) 21.20 yr; yes
Investment % Rate Double 10 Years
13. $10,000 3.5% 19.8 yr $14,190.68
15. $7500 3.30% 21 yr $10,432.26
17. $5000 1.25% 5545 yr $5665.74 0 20
19. $63,762.82 4.5% 15.40 yr $100,000.00 0
21. 57. 3:00 a.m. 59. False. The domain can be all real numbers.
r| 2% 4% 6% 8% 10% | 12% 61. No. Any x-value in the Gaussian model will give a positive
t | 54.93 | 27.47 | 1831 | 13.73 | 10.99 | 9.16 y-value.
63. Gaussian model 65. Exponential growth model
60 67. a; (0, —3).(3.0)  68. b;(0,2),(5.0)
. 69. d; (0,25), (%% 0)  70. ¢; (0,4), (2,0)
. 71. Falls to the left and rises to the right
te . 73. Rises to the left, falls to the right
°3 o 75. 22 + 3 + x% 77. Answers will vary.
23. 2 Continuous compounding
e Section 3.6 (page 238)
1. y = ax? 3. Scatter plot 5. Logarithmic model
. I 7. Quadratic model 9. Exponential model
0 11. Quadratic model
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A82

13.

17.

19.

23.

27.

31.

33.

O] 12

o

Logarithmic model

o

y = 4.752(1.2607)%;
0.96773

-

0

1

0

6

o

Exponential model

Linear model

y =2.083 + 1.257 In x;

0.98672

y = 1.985x0760;
0.99686

1

0

6
OCQ
0
4
0412

Answers to Odd-Numbered Exercises and Tests

21. y = 8.463(0.7775)%;

25.

29.

0.86639

1

0

7

5

y = 9.826 — 4.097 In x;

0.93704

1

-

0

o

y = 16.103x 3174,
0.88161

1

=

0

o

(a) Exponential model: S = 1876.645(1.1980)'
Power model: S = 1905.844706018

(b) Exponential model:

9000

0

L

(c) Exponential model

Power model:
9000

.

(a) Linear model: P = 2.89¢ + 252.9; 2 = (0.9987

3.

0

2

3.

20
40

(b) Power model: P =

2

20
o /
40

20

222.9410-1048; 12 = (0.9850

20

(c) Exponential model: P = 254.445(1.0102); r2 = 0.9972

320

=

0 20
240

(d) Logarithmic model: P = 29.813 In¢ + 215.36;
r? = 0.9803

320

0 20
240

(e) The linear model is the best fit because its coefficient of
determination is closest to 1.

(f) Linear:
Year 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Population
L 307.8 | 310.7 | 313.6 | 316.5 | 319.4 | 322.3
(in millions)

Power:
Year 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Population
N 303.5 | 305.2 | 306.7 | 308.2 | 309.7 | 311.1
(in millions)

Exponential:
Year 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Population
L 308.6 | 311.7 | 314.9 | 318.1 | 321.3 | 324.6
(in millions)

Logarithmic:
Year 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Population
L 303.1 | 304.7 | 306.1 | 307.5 | 308.8 | 310.1
(in millions)

35.

37.

39.

(g) and (h) Answers will vary.
(a) y = 1315.584(1.0644)"  (b) y = 1315.584¢0-0624
(c) About 2307 stores; Answers will vary.
91.3686
1 + 765.5440¢~0-2547x

(a) y =
(b) 10

0 80
0

The model fits the data well.

True. See page 221. 41. Answers will vary.

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



43. Slope: f%

y-intercept: (0, 2)

y

14+
H—Hkx
-2 -1 1 2 3 45

47. y = —(x + 1> + 2

Review Exercises

1. 103254 3. 0.0001
9. ]
o
al
4/
B I

Horizontal asymptote:

y-intercept: (0, 1)

Increasing on (— oo, co)
11. "

y=0

= v o =

1

Tt X

747372711L 1 2 3 4

Horizontal asymptote: y = 0
y-intercept: (0, 1)
Decreasing on (— oo, co)

45.

Slope: f%

y-intercept: (0, 3)

¥

49, y = —2(x — 3> + 2
(page 244)
5.¢ 6.d 17b 8.

13.
x o |1]| 2 3 4
A(x) | 037 | 1| 272 | 7.39 | 20.09

.
9
8
7
6
5
4
3
2
1

Horizontal asymptote: y = 0

Answers to Odd-Numbered Exercises and Tests

15.

17.

19.

21.

23.
29.
37.

A83

-1 | =272 | =739

Horizontal asymptote: y = 0

X -1 10 1 2 3 4
f) | 659 | 4| 243 | 1.47 | 0.89 | 0.54
y

9

8

7

4

3

2

1

P T I T T S
Tttt T X

—2—]4]2345678

Horizontal asymptote: y = 0

t 1 10 20

A | $10,832.87 | $22,255.41 | $49,530.32

t 30 40 50

A | $110,231.76 | $245,325.30 | $545,981.50
(a) 3500 (b) $18,000

(c) When it is first sold; Yes;
Answers will vary.
0 15
0

53 =125 25. 64176 =2 27. log, 64 =3
log,,5 25 = % 31. log,, 8 = =3 33.3 35. —1

Domain: (0, c0)
Vertical asymptote: x = 0
x-intercept: (32, 0)

y

P Tt
1

— 0 W A Lo O
ol

-1 1 123456789

39. Domain: (1, co)
Vertical asymptote: x = 1
x-intercept: (1.016, 0)

y

“' — N W Rk L3O
4 P S S S
t ———t———t—

23456789
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A84 Answers to Odd-Numbered Exercises and Tests

41. 3.068 43. 0.896 (b) Linear model: Exponential model:
45. 5 47. 3 3150 3150
-1 K 8
-1 8
0 10 0 10
-1 -3 2700 2700
Domain: (0, co) Domain: (0, o) Power model:
Vertical asymptote: x = 0 Vertical asymptote: x = 0 3150
x-intercept: (0.05, 0) x-intercept: (1, 0) ’
49. (a) 0 < h < 18,000
(b) 100
0 10
2700
(c) The exponential model is the best fit because its
. 20000 coefficient of determination is closest to 1.
o ’ (d) 3,141,090 (e) 2021-2022
Asymptote: 1 = 18,000 , 135. True. e 1 = ¢7 - o1 = &
(c) The time required to increase its altitude further increases. e
(d) 5.46 min 137. False. x > 0
51. 1.585  53. 2.235 139. Because | < /2 < 2, then 2! < 22 < 22,
4 4
5. 57. p— Chapter Test (page 248)
- / " o / ¢ LT -2 -1]0]| 1| 2
- - f&) | 100 | 10 | 1|01 |001
59. 1.13 61. 0.41 63. In5 — 2 65. 2 + log,, 2 ;
67. 1 + 2logsx 69. log,, 5 + Slog,,y — 2log,, x N
71. In(x +3) —Inx — Iny 73. log, 9x 3
— 34 — 12
75 m 2L gy YA
(X + l) X
79. (a) ©
\ :
Sasaa 11345
2k s Horizontal asymptote: y = 0
(b) y-intercept: (0, 1)
h| 4| 6 8 |10 | 12 | 14 2.

X 0 2 3 4
s |38 333027 (25|23

) | =003 | =1 | —6 | —36

(c) The decrease in productivity starts to level off.

8.4 83 —3 85 —5  87.409  89.9 )

91. ¢*  93. 2+ 1 95 —0757  97. 4459 ﬁ

99. 1.760  101. 3.916  103. 1.609, 0.693 e e s e aa sl
105. 200.615  107. 36.945  109. 53.598 _2

111. No solution 113. 0.9 115. —1 117. 0.368 -3

119. 1005yr  121.e 122.b  123.f -

124.d  125.a 126. ¢ -

127. k = 0.0177; 11,407,330 s

129. (a) 9.52 weeks  (b) 21.20 weeks

131. Logistic model

133. (a) Linear model: N = 41.5¢t + 2722.1; r?> = 0.9785
Exponential model: N = 2728(1.0142); r? = 0.9818
Power model: N = 2727.6t%-047; 2 = (.8398

Horizontal asymptote: y = 0

y-intercept: (0, _%)
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10.
13.
15.

17.

20.
24.
28.

X -2 -1 0 1 2

0.8647 | 0 | —6.3891 | —53.5982

Horizontal asymptote: y = 1
Intercept: (0, 0)

8. 7
14 5
—+ X 4
—ll 12 3 4 5 6 7 3
B 2
-2 1
—3]
1+ 1234567389
—4 -
—5 -2
-3
-6+ 4
-7+ -5+

Domain: (4, oo)
Vertical asymptote: x = 4
x-intercept: (5, 0)

Domain: (0, oo)
Vertical asymptote: x = 0
x-intercept: (1079, 0)

Y Domain: (—6, co)
St Vertical asymptote: x = —6
4 x-intercept: (—5.63, 0)
W
ERY Em i
Ll
ot
s
1.945 11. 0.115 12. 1.674
log,3 + 4log,a 14. ln5+%lnx—ln6
Inx+3In(x+ 1) —In2—4 16. log, 13y
4 —
1n(x—4) 18. In [M] 19. 4
y x+2
2.431 21. 343 22. 100,004 23. 1.321
1 25. 1.597 26. 1.649 27. 54.96%
(a) Logarithmic model: R = 200.7 Int + 57.835

Exponential model: R = 115.47(1.227)'
Power model: R = 119.22¢0-6703

(b) Logarithmic model: Exponential model:
700 700

0

Answers to Odd-Numbered Exercises and Tests

(c) Exponential model; $2483.9 million

A85

Cumulative Test for Chapters 1—3 (page 249)

1. (@) y=—x+3
(b) Answers will vary.
Sample answer: (0, 3), (1,2), (2, 1)
2. (a) y= —2x
(b) Answers will vary.
Sample answer: (0, 0), (1, —2), (2, —4)
3. (a) x = —%
(b) Answers will vary.
Sample answer:(—%, O), (—%, 1), (—%, —3)
4s
4s

S 5+
- @) 3 (b) Undefined  (c) e

(@ —32 ()4 (o) 20
. No. It doesn’t pass the Vertical Line Test.
40 Decreasing on (— oo, 5)

S wn A

Increasing on (5, co)

-25 30

-15
8. (a) Vertical shrink
(b) Vertical shift
(c) Horizontal shift and reflection in the x-axis

9. =53 10. %7 11. -79  12. 42
+2

13. hl(x) =~
5

14. y

15
19. 4x +2 — ——
x x+3

18. 1.424

17. x = —2,£2i

268

20. 2x2 4+ 7x + 48 + —— 21. 41
x—6

22. Answers will vary.
Sample answer: f(x) = x* + x> + 18x
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A86

Answers to Odd-Numbered Exercises and Tests

23. - 24. "
s+ 1 6
! 1 1
6+ : 1 4+
| 1 1
S A
___________ oo — [
—t—t ——
H -4 -2 46
t t =t t + x [
-4 -2 2,4 6 8 1 1
: 1 1
=t Dot
Asymptotes: Asymptotes:
x=3,y=2 x=-3,x=2,y=0
25. "

Asymptotes: x =2,y =x — 1

26. 6.733 27. 8772.934 28. 0.202 29. 51.743
30. M 31. M
I .1

I s P 54
I Ll

I —
""" 6
I n
10+ ~10

32.
o4
o]
o1
o]
o]
Al
2]
2]
il
1
-1 1
34. 1723 350872 36. 0.585
37. In(x + 2) + In(x — 2) — In(x2 + 1)
2
38. ln% 39. 1242 40. 6585  41. 12.8
42. 152018  43.0,1  44. No solution
45. (a) A = x(273 — x)
(b) 25000 0<x<273
0 273
0

(c) 76.23 ft x 196.77 ft
46. (a) Quadratic model:
y = 0.0178:% — 0.130r + 1.26; r> = 0.9778
Exponential model: y = 1.002(1.025)"; > = 0.4009
Power model: y = 1.0417095%%; 2 =~ (0.1686

(b) Quadratic model: Exponential model:

2 2
.
M
0 10 0 —————————"110
0 0

Power model:
2

.

F—-'Tf"‘—

0 10
0

(c) The quadratic model is the best fit because its coefficient
of determination is closest to 1.
(d) $1.74; Answers will vary.

Chapter 4
Section 4.1

1. Trigonometry 3. standard position
5. radian 7. 180° 9. No 11. 2
13. (a) QuadrantI  (b) Quadrant III

15. (a) Quadrant IV (b) Quadrant II

17. (a) Quadrant IV (b) Quadrant III
19. (a) Y (b) Y

(page 261)

3n
7D Y Iy )
W A\
2
21. (a) I (b) y

NS %
oy

23. (a) Y (b) Y
4R
137 1l 87T 4w
25. —_— b) —, ——
(a) 6 & (b) S
Tm 287 327
27. —_— = b) —, ——— 29. 210°
@7y O
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31.
33.
35.
37.

39.

41.

43.
45.

47.

51.
55.
63.
71.
77.
81.

83.

85.

89.

97.
103.
109.
111.
113.
115.

117.

(a) QuadrantI  (b) Quadrant III
(a) Quadrant I  (b) Quadrant IV
(a) Quadrant Il (b) Quadrant I

(a) 1 (b) i

\45° ‘\900
X

(a) i (b) i
150°
v <
(a) 1 (b) i
405° 780°
(a) 412°, —308° (b) 324°, —396°

(a) 660°, —60°
™ S 4

(@) o (b) o (b) 3

(a) 270°  (b) —210° 53. (a) 420° (b) —39°

2.007 57. —3.776 59. —0.014 61. 25.714°

1170° 65. —114.592° 67. 64.75° 69. 85.308°

—125.01° 73. 280°367 75. —345°7712”

—20°20"24" 79. Complement: 66°; supplement: 156°

Complement: 3°; supplement: 93°

27

3

(b) 590°, —130°
o

49. -
(a) 9

T
—; supplement:

Complement: 6

S

6
Drad  93. l4win.  95. 187 m
22.92 ft 99. 34.80 mi 101. 591.32 mi
4°2733” 105. 275.02° 107. 436.97 km/min
(a) 807 rad/sec  (b) 25 ft/sec

(a) 4007 rad/min to 10007 rad/min
False. A radian is larger: 1 rad = 57.3°.

Complement: g; supplement: 87. grad

Lrad 9L

(b) 60007 cm/min

True. The sum of the angles of a triangle must equal

27 T
° = + =+ —==7
180° = rradians, and —— 3 1 12 .
5(;77 )

Answers to Odd-Numbered Exercises and Tests

119.

121.
123.

125.

Section 4.2

A87

@ A=04r3r>0; s=08r, r>0

8

0 12
0

The area function changes more rapidly for » > 1 because
it is quadratic and the arc length function is linear.
(b) A =500, 0<6<2m s=100,0< 6 <27

320

0 2m
0

Answers will vary.

Horizontal shift one unit
to the right

—_ N W s

 —
-4 -3 2 12 3 4

s 127. "

-4 -3 2

Horizontal shift one unit to
the left, vertical shift three
units downward

Reflection in the x-axis,
vertical shift two units
upward

(page 270)

1. unit circle 3. odd, even
5. Even: cos, sec; Odd: sin, csc, tan, cot 7. 8
9. sin 6 =13 11. sin 6 = — 75
cos(9=—% cosﬁ—%
tan9——% tan9——%
cscﬂ—% csct9—715*3
secB—*% 5309—%
cot O = % cotlﬂ—f%2
V31 1 V3
13, ( ) s (-2 -0 o (35
V2 2
19. (0, —1) 21. (77>
T V2 . T V2
23. smz = - 25. sm(—T) = -
cos ¥ = ﬁ cos<f7l) = ﬁ
4 2 4 2
tanE =1 tan<f7l) =1
4 4
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A88 Answers to Odd-Numbered Exercises and Tests

20 V3 Sar J3 3. elevation, depression 5. 12
27. sin— = —— 29. sin| —— | = —— . 9 . 8
3 2 3 2 7. sin 0 = 37 9. sin 0 = 15
27 1 S 1 cos =79 cos =1
cos—- = —— cos| — | == . 8
3 2 3 2 tan 6 = 35 tan 6 = 15
41 17
tanzlz—\/g tan(-sl):ﬁ ese ="y csc =g
3 3 _ 4 _
sec 0 = 45 sec 0 = 13
. ™ 1 40 15
31. sm(—g> = cotf ="y cot O =7
11. sin 6 =3 csc 6 =3
™ _ 3 3 ;
oS\ 7g) T o cos =3 sec 6 = 3
ar 3 tan 6 = % cot § = %
‘a“<_g> - T3 The triangles are similar and corresponding sides are
proportional.
3. sin 27 = Y2 35. sin0 = 1 Ui
4 2 2 13. cos § = ——
coslz —Q COSE:O 6/*
4 2 2 tan 0 = SVl
11
tan %Tﬂ- =-1 tan g is undefined. 6
3 csc 0 = 5 6
T T 5
csc4—ﬂ cs02—1 sec0:6\/ﬁ
31 T, 11
sec ==~ 2 sec - is undefined. J11 /) []
cot § = 5 V11
cot— = — cot— =0 /15
4 2 15. sin g = 2
[ 4w\ _ /3 4\ 23 4
37. sin| ——— | = — csel—— | = —— 1
3 2 3 3 cos 6 = —
47 1 4 4
COS(_ 3 ) T2 sec(—?> =2 tan 0 = /15 WARREE
4 4ar J3 415
AL AL I csc ) =——
tan( 3 ) V3 cot( 3 ) 3 5 .
1 3 J2 V15 1
_= N2 Mz cot @ = ——
39. 0 41. > 43. > 45. > 15
47. @) -3 () =3  49. () -t (b) -5 17, sin g = 210
51. () ¢ (b) —3  53.04339  55.0.8090 10
57. 1.0378  59. —0.1288 61 1.3940  63. —1.4486 cos 9 = 10
65. —1.3386  67. —1.0025  69. —2.4950 10 vio/ |y
71 () —0.9 (b) —04  73. (a) 0.25,2.89 (b) 1.82,4.46 csc g = Y10
75. 0.79 amp  77. (a) 025ft (b) 0.02ft (c) —0.25 ft 3
79. False. sin(—¢) = —sin ¢t means that the function is odd, not sec 0 = /10 o
that the sine of a negative angle is a negative number. cot § = 1 !
81. True. a — 67 is coterminal with a. 3
83. True. The values are the same. 19. sin 6 = 213
85. (a) Origin  (b) sin(s, + 7) = —sint, 13
(¢) cos(t, + m) = —cos 1, cos 0 = 3V13
87. Answers will vary. 89. It is an even function. 13
91. y 93, y tan 0 = =
4l 3
3t o = V13
o1 sec § = ——
T~ /*13
2

V3

21. %T 23. 60°, /3  25. 60°,7§T 27. 30%

0 Y A

29. 45°,g 31. (a) 0.1736  (b) 0.1736

Section 4.3  (page 280) 33. (a) 13499 (b) 13432 35. (a) 5.0273  (b) 0.4142
L@ii ®vi @i @v @i ®iv 37.csc 6 39 cot® 41 cosO 43, Sinz 45. 1
CcoS
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49. cot 6 51. csc 6

1 3 3
53. (V3 (b 5 © % (d) %

47. cos 6

1 22 V2

55. — o~ = i
(a) 3 (b) 3 (c) 1 d 3
22 V2 1
57. (a3 (b 3 © > @ 3

59-65. Answers will vary.

™ T

67. 30° = — b) 30° = —

(a) 6 (b) 6

™ T

69. 60° = — b) 45° = —

(a) 3 (b) 1

™ T

71. 60° = — b) 45° = —

(a) 3 (b) 1
73.y=35/3,r=70/3 75.x=8,y=28/3
77. (a) 79. (a) 45°

(b) 502 ft
h (©) 2555 ft/sec; 2?5 ft/sec

=L DN

5

h

(b) tan 6 = o1

(c) h =252 ft

81. 160 ft
h
83. b) si °=—
(a) (b) sin 85 20
(¢) 199 m
20[1, (d) The side of the triangle labeled

h will become shorter.

(e) o o o o
Angle, 6 | 80 70 60 50
Height 19.7 | 188 | 17.3 | 153
Angle, 6 | 40° 30° | 20° | 10°
Height 129 |1 10.0 | 6.8 | 3.5

(f) As 6—0° h—0.

85. False. ? + ? # 1

87. Yes, with the Pythagorean Theorem. Answers will vary.

8. @ [y ° | 20° 40° 60° 80°
sinf | 0 | 03420 | 0.6428 | 0.8660 | 0.9848
cos | 1| 09397 | 07660 | 0.5 | 0.1736
@n 6 | 0 | 03640 | 0.8391 | 1.7321 | 5.6713

Answers to Odd-Numbered Exercises and Tests

A89

(b) Sine: increasing; cosine: decreasing; tangent: increasing

(c) Answers will vary.

1. X -1 10 1 2
f(x) | 0.05 | 1 | 20.09 | 403.43
" Asymptote: y = 0
;
6
5
4
3
2
1
EEEE NN
93. X -1 10 1 2
f&) | 2.05 | 3 | 22.09 | 405.43

Asymptote: y = 2

95. 4 97. 4

-4 -4
Domain: (0, co) Domain: (0, co)
Vertical asymptote: x = 0

x-intercept: (1, 0) x-intercept: (1, 0)

Section 4.4 (page 289)
1. % 3. i 5. cos 6 7. reference angle
11. (a) sinf =2 (b) sin 6 = —1
cos():% cos = —15
tan 0 = % tan 6 = %
csc(?:% cscBZ—ﬁ
sec(9=% sec(9=—l§7
cotf = % cot § = %
13. (a) sinf = —1 (b) sin 6 = N2
2 2
cosG=—£ c050=—£
2 2
tan0=£ tanf = —1
3 csc 0= ﬂ
csc = —2 sec = —/2
2.3 cotf=—1
sec 0 = ————
3
cot = /3
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A90

15. sin 6 =
cos0=%
tan0:274
csc = 53
sec0:27
cot 0 = 55
. 5V29

19. sin 6 = 29
cos 6 = _2v2

29
5
tan 0 = >
V29
csc(?:?
V29
sec) = ————
2
2
cot 6 = 5

23. Quadrant III

Answers to Odd-Numbered Exercises and Tests

17. sin 6 = —13
cos0=%
tan0:—]§2
csct‘)=—l*3
sect‘):%’
cot0=—r52

. 4/41
21. s1n6=T
cosO=—ﬂ
41
4
tan0=—§
J41
csc = ——
4
V41
sec 0 = ————
5
5
c0t0=—Z

25. Quadrant I

27. sinﬁ—% 29. sin 6 = —%
0050:—2 0036:187
tan0=—% tan0=—%
csc =13 csc 0= —1
secez—% sec9=%
COIOZ_% COtgz_%

31.sin0=£ csct9=&

2 3
cosH:—1 sec = —2
2
tan 0 = — /3 COt@:‘?
2

3. sin 6= 0 3s. sin0:§
cos = —1

2
tan 0 = 0 COS@:‘%
csc 0 fundeﬁned. tan 6 = —1
sect‘).f—l csc =2
cot 6 is undefined. sec 0= —J2

coth=—1
2
37. sinﬁP:—£ cé”=—£
5 2
5
cost—g sec = — /5
tan 0 = 2 t 6 !
an 0 = cot 6 = —
2
39. -1 41. 0 43. 1 45. Undefined
47. 6’ = 60° 49. 0’ = 30°
o 1000 6=150°
60'=60 \9_120 = 30N

51. 6’ = 45°
y
0 =-45°
0’'=45°
F_ T
55. 6 6
s
== ’
6 5t
0==%
59. 6’ = 28°

0 =208°

63. 0’

67. sin225° = —
c0s 225° = —

tan 225° = 1

.S \/§
71.sm3— 2

S 1

A
53. 6’ = 3
y
R
NI
57. 0= —
gLz
1
\ NS
61. 6’ = 68°

6 =—292°/

65. 6’ = 1.342

y

0~ 1342

69. sin(—750°) = —
cos(—750°) =

tan(—750°) = —

. m _ 1
73. sm( 6> =
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75.

79.

85.

89.

91.
97.

103.

105.

107.

109.

111.

113.

115.

117.

119.
121.
123.
125.
127.

w2 77«JL%_1
sin ) . sin =3
coslll = ﬁ cos(—i) = —£
4 2 6 2
tan%T = -1 tan(—f) = ?
§ 81. -3 83, —st
cos 6 = _v21 87. sin0=4i
5 17
tan0=—ﬁ cost9=—J
21 ) 17
) V17
CSC9—2 0500—74
5609:—% secOZ—\/ﬁ
V21 !
cot 6 = 5 cot 0 = 2
2 35
sin 6 = 3 sec 6 = 5
cos6=§ cot0=—§
tan 6 = f&
5
0.1736 93. 2.1445 95. —0.3420
5.7588 99. 0.8391 101. —2.9238
o _ T s _ O o I n0e LT
(a) 30° = 6,150 =% (b) 210° = 6,330 =5
o __ E o __ zl o __ 3777- o __ 7777-
(a) 60° = 3,120 =3 (b) 135° = 4,315 =7
0o _ 0T o I o _2m 0 AT
(a) 150° = 6 ,210° = 5 (b) 120 3 , 240 3
1+ /3 V3 -1 3
@ OS5 ©)
V3 V3 V3
@ 1 (e) 5 (f) >
1 1 V2
@0 V2 ©5 @-5 @©-1 0
1-J3 1+ /3 3
@ 5= O ©]
V3 3 V3
@ =7 @ = (D)~
1+ V3 1-J3 3
@ -~ O ©F
V3 V3 V3
@7 @5 (O
1+ V3 -1+ /3 1
@ -——5= ®— © 5
V3 V3 1
@7 @ O3
@-1 ®»1 ©0 @Wo 06 ®O0
@-1 ®»1 ©0 @Wo 06 (o0
(a) 604°F  (b) 92.3°F  (c¢) 76.35°F
(@ 12mi  (b) 6mi  (¢) 6.93 mi
True. 0 < cos 0 < 1 in Quadrant I, so

. sin 6
sin 6 <
cos 6

= tan 6.

Answers to Odd-Numbered Exercises and Tests A91

129. False. Sine is positive in Quadrant II.

B @ T 0° | 20° | 40°
sin 6 0 | 03420 | 0.6428
sin(180° — 6) | 0 | 03420 | 0.6428
0 60° | 80°
sin 0 0.8660 | 0.9848
sin(180° — 6) | 0.8660 | 0.9848

(b) sin @ = sin(180° — )
133. The calculator mode is in degrees instead of radians.

135. 7 137. 3.449, —1.449 139, 4.908, —5.908
Section 4.5 (page 299)
1. amplitude 3. 2777 5. 27

7. It vertically shifts the graph d units.

(b) y=0

(c) Increasing: (—2 —3—7T> (_E E) <3j B )
g: 5 ) AT

. 37 a\ (7w 37
Decreasing: 5 P

9. (a) x=—2m —m 0, 7, 27

5)
. . 3 T
(d) Relative maxima: | ——— 1|, | <, 1
2 2
o (w3
Relative minima: < > 1), < 5 1)
13. Period: 4

Amplitude: %

11. Period: 7
Amplitude: 3

15. Period: 2 17. Period: 2 19. Period: 37
Amplitude: % Amplitude: 2 Amplitude: ﬁ

21. g is a shift of f 7 units to the right.

23. g is a reflection of fin the x-axis.

25. g is a reflection of f in the x-axis and has five times the
amplitude of f.

27. g is a shift of f three units upward.

29. ¢ has twice the amplitude of f.

31. g is a horizontal shift of f 7 units to the right.
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A92

39.

59.

63.

B

-30

Amplitude: 5

Answers to Odd-Numbered Exercises and Tests

20

-20

Period: 24

4

IANAN

[VRY

A
VAY

—4

Amplitude: 2

Period: T

2

2m

30

41.

57.

61.

65.

AL NAWA)
¥

Amplitude: 2
Period: 3

-2

. 2
Amplitude: 3

Period: 4

3

AN

1

Amplitude: 1
Period: 1

2m

5w

67.

71.
75.
79.

81.

83.

85.

87.

89.

91.

20 69. 0.02
TN N JEVAN .
180 180
) ~0.02
Amplitude: 5 Amplitude: ]lm
Period: 7 Period: &
a=—-4,d=4 73. a=—-6,d=1

a=-3,hb=2c=0 77.a=1,b=1,c=7ZT

2
JN .
-2 Ay KN 7 27
Y2
-2
m Sw Tw 17
X= —o
6 6 6 6
(a) 2 (b) 6 sec
(¢) 10 cycles/min
0 AN, 4r (d) The period of the model
would decrease because
> the time for a respiratory
B cycle would decrease.
(a) © (b) Minimum height: 5 ft
Maximum height: 55 ft
0 135
0

(a) 365 days. The cycle is 1 year.
(b) 30.3 gallons per day. The average is the constant term of
the model.

(C) 60

0 365
0

Consumption exceeds 40 gallons per day from the
beginning of May through part of September.
(a) and (c) Y

10 20 30 40 50 60 70

The model fits the data well.
(b) y = 0.493 sin(0.209x — 0.114) + 0.472
(d) 30days (e) 12.9%
True. The period of sin x is 27r. Adding 27 moves the graph
one period to the right.
False. The function y = %cos 2x has an amplitude that is
one-half that of the function y = cos x.
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93. "

=

24

The value of b affects the period of the graph.
b= %%% cycle

b =2—2cycles

b = 3—3cycles

95. e 97. ¢
99. (a) h(x) = cos? x 5 (b) h(x) = sin? x
-2 -2
Even Even
(C) h(x) = sin x cos x

0dd
101. (a)
x -1 -0.1 | —0.01
SILX | 8415 | 0.9983 | 1.0000
X
x —0.001 0 0.001
SINX 11,0000 | Undefined | 1.0000
X
x 0.01 0.1 1
SIX 110000 | 0.9983 | 0.8415
X
(b) 1.1
-1 1
0.8

f—>lasx—0
(c) The ratio approaches 1 as x approaches 0.

103. (a) 2

VAR .

The polynomial function is a
good approximation of the
sine function when x is close
to 0.

Answers to Odd-Numbered Exercises and Tests A93

() d
\\ PR //zﬂ
Y

-2

The polynomial function is a good approximation of the
cosine function when x is close to 0.

. 3 X X
(c) smx%x—i—&—i—ﬁ
2
-2 /\ \—/ 2m
-2
x> oxt x°
cosx~175+ﬂfa
2
/] \\// -
-2
The accuracy increased.
105. " m=3
7 02,7
6
5
4
3
2
100, 1)

I e e e e I i

t
—4—3—2—114 12 3 4

107. 487.014° 109. Answers will vary.

Section 4.6 (page 311)
1. vertical 3. tangent, cotangent
5. (@ x=—2m—m0,m27m (b)y=0
. 37 3w T T
(c) Increasing 0n< 2, ) ),( 2 2),( > 2>7

(22)0520)
272 )\2°
(d) No relative extrema

© x = 3w 7w 73w
27 2722
7. (a) No x-intercepts (b) y =1

(c) Increasing on (—277, —%), (—37# —7T>,

(03)}:7)

Decreasing on <~'rr, —I>, (-g, 0),

2

37\ (37
(= 5)(527)
(d) Relative minima: (—2, 1), (0, 1), (27, 1)
Relative maxima: (—, —1), (m, —1)
37 @7 w37

(e) x= 2 22 o
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A94 Answers to Odd-Numbered Exercises and Tests

9. 35. —5.498, —2.356, 0.785, 3.927
37. —4.189, —2.094, 2.094, 4.189
39. —5.236, —2.094, 1.047, 4.189
41. Even 43. Odd 45. Odd

x 47. 2 49. 4

=y

- - - - =58

-2 -4

13.

Not equivalent; Equivalent
v, is undefined at x = 0.

51. d; as x approaches 0, f(x) approaches 0.

52. a; as x approaches 0, f(x) approaches 0.

T 21 31 4n 53. b; as x approaches 0, g(x) approaches 0.

54. c; as x approaches 0, g(x) approaches 0.

55. 3 —e ¥ < eFcosx < e ¥

/\ Touches y = xe ™ Yatx = nw
-3 e 6
N

57. 2 —e ¥4 < ¢m¥/4 cog x < e X/4

Touches y = te™“atx = nmw
K]

T
Intercepts at x = 5 + nw

T
Intercepts at x = 5 + nmw

o
4

I =1 =1
ES

-2
59. (@) f>—o0 (b) foo (¢) fo—oo () fooo
61. (a) f>o0 (b) fo—c0 (¢c) fooe (d) f>—o0
63. d = 5cotx
X 36
o=
-36
65. (a) 9°
o : .
:r 2!75 !
f\ -8
! X (b) Not periodic and damped; approaches 0 as ¢ increases.
| ' 67. (a) Yes. To each ¢ there corresponds one and only one value
29. L 31. 4 ofy.
(b) 1.3 oscillations/sec  (c) y = 12(0.221) cos(8.21)
R . . /-\ /-\ . (d) y = 12¢7 " cos(8.21)
=4 2 / _/ 2 (e) Answers will vary.
o N 0 \ AN .
Answers will vary. Answers will vary. \/ 7
33. 2 5
69. True. The sine function is damped.
_g [ i 6
R e T 1
71. True. secx = csc<x - *) =—F—
2 . ( 7T>
sin|x — —
_2 2

Answers will vary.
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73. (a) 8
g -
_1 -t 1
f
-3
1 1 .
(b) (— 1, g) (c) (— 1, §); The intervals are the same.
@y -1 | —01 | —o001
tan x 1.5574 | 1.0033 | 1.0000
x
X —0.001 0 0.001
tan x 1.0000 | Undefined | 1.0000
X
X 0.01 0.1 1
@nx 0000 | 1.0033 | 1.5574
X
(b) 2
=11 11
0

f—>lasx—0
(c) The ratio approaches 1 as x approaches 0.
717. 223 | 1647

The polynomial function is a good approximation of the
tangent function when x is close to 0.
79. Distributive Property 81. Additive Identity Property
x>+ 14

85. One-to-one. f~!(x) = 3

83. Not one-to-one ,x =0

87. Domain: all real numbers x
Intercepts: (—4,0), (1,0), (0, —4)
No asymptotes

89. Domain: all real numbers x
Intercept: (0, 5)
Asymptote: y = 2

Section 4.7 (page 322)

l.y=sin"lx, —1<x<1 3. sin~! x or arcsin x

5. (a) %T (b) 0 7. (a) g (b) 0
9. (a) %T (b) —jf 11. (a) —g (b) g
13. (a) %T (b) —g

Answers to Odd-Numbered Exercises and Tests

A95

15. (a)
X -1 —0.8 —0.6 —-04 —-0.2
y| —1571| —0927| —0.644| —0412| —0.201
x| 0| 02 0.4 0.6 0.8 1
y | 0] 0201 | 0412 | 0.644 | 0.927 | 1.571
(b) A (© 2

-2

They are the same.

(d) Intercept: (0, 0); symmetric about the origin

o (5T (B

)

3 37 6
19. 0.47 21. 1.50 23. 0.72 25. —0.85
27. —1.41 29. 0.85 31. 1.29
33. y 35. M
3n 3n |
27T 4
. %«» . %" [ ]
721 T SN e
° [} ® +
3n _3m ]
4 4

g is a horizontal shift of
[ three units to the left.
37. 7

Sm |

® T+

-5 -4 -3 -2 -1 1
_r
4

g is a horizontal shift of
f r units to the left.

39.

g is a reflection of fin
the y-axis.

-4 -3 -2 -1 1 2

g is a reflection of fin the
y-axis and a horizontal shift
of f'two units to the left.

41. " 43. i
3z
4
Tl
2
x + + t t t t X
-3 -2 -1 1 2 3
_rl Tl
2 2
_3m _3m

g is a horizontal shift of
fone unit to the left.

g is a reflection of fin the
y-axis.
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+2

45. 0 = arctan% 47. 6 = arcsin 5
LX 4 — x2
49. /4 — x?; 0 = arcsin > 0 = arccos Y
6 = arctan —
+
51. J/x* + 2x + 5; 6 = arcsin #,
VX2 +2x+5
6 = arccos ¥, 6 = arctan o
I+ 2x+5
53.07 55.-03 57.0 59. —%T 61.757
T 4 7 V34 N&
63. > 65. 5 67. 25 69. 5 71. 3
— 2
T T e ey vep SR ¥ e Rt
X X
x>+ 7 14 lx — 1]
79, —— 81. ——— 83, ——————
X Jx2 + 196 VX2 —2x+ 10
85. 2m 87. 3
0 4
-2 2
0 T
2
89. z 91. 3.2 sin<2t + g)
-3 3

101.

103.

105.

AR A
VTV

The two forms are
equivalent.

6

(b) 0.574 rad
(c) 12.94 ft

-0.5

(b) 2 ft

(c) B = 0; As the camera moves farther from the picture, the
angle subtended by the camera approaches zero.

(a) O = arctan 2)670 (b) 0.245 rad, 0.540 rad

T
False. arctan 1 = —

~

Answers to Odd-Numbered Exercises and Tests

107.

" 109. i

— —
111. % 113 5?77 115 and 117. Proofs
J2 3
119. — 121. —
? 2 3
123. cos 6 = ~11
6
5V11
tan 0 = 1
6
csc 6 = 5 6 5
6V 11
sec ) = ——
11 A =
V11 v
coth = ——
5
125. cos 0 = %
tan 6 = 73ﬁ
7
4 4
_a 3
csc 0 3
sec 6 = 41 A []
7 &
cot O = ﬁ
3
Section 4.8 (page 332)
1. harmonic motion 3. No
5. B = 60° 7. A =19° 9. A = 26.57°
a= 571 a=~4.82 B = 63.43°
c~11.55 c~ 14.81 c=13.42
11. A = 72.76° 13. B = 77°45’
B =~ 17.24° a~ 9134
a =~ 51.58 b = 420.70
15. 5.12 in. 17. 8.21 ft 19. 19.70 ft 21. 109.63 ft
23. 2089.99 ft
25. (a) I (b) h =50(tan 47°40’ — tan 35°)
{0 1987 ft
A N
350 50 ft
100
27. (a) [ = Vh* + 28h + 10,196 (b) 6 = arccos =~
(c) h = 561t
29. 70.35°

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



31. 75.97° 33. 5098.78 ft 35. 0.66 mi
37. 104.95 nm south, 58.18 nm west

39. (a) N58°E (b) 68.82 m 41. N56.31°W
43. 1933.32 ft 45, 3.23 mi
47. (a) 61.82°% 15.64° (b) 31.10 ft
49. 78.69°  51.3526° 53.y= /3r
55. d = 8 sin S7.d=3cos%
59. @4 (b4 (©4 @i
6l. a7 (70 (©0 () m5 63 w=>587
65. (a) 95 (b) 7gTsec (c) %sec
-0.5
67. (a) -
Base 1 Base 2 Altitude Area
8 8 + 16 cos 10° | 8sin 10° | 22.06
8 8 + 16 cos 20° | 8sin20° | 42.46
8 8 + 16 cos 30° | 8sin30° | 59.71
8 8 + 16 cos40° | 8sin40° | 72.65
8 8 + 16 cos 50° | 8sin50° | 80.54
8 8 + 16 cos 60° | 8sin60° | 83.14
8 8 + 16 cos 70° | 8sin70° | 80.71
(b) .
Base 1 Base 2 Altitude Area
8 8 + 16 cos 56° | 8sin56° | 82.73
8 8 + 16 cos 58° | 8sin58° | 83.04
8 8 + 16 cos 59° | 8sin59° | 83.11
8 8 + 16 cos 60° | 8sin60° | 83.14
8 8 + 16 cos 61° | 8sin61° | 83.11
8 8 + 16 cos 62° | 8sin 62° | 83.04
83.14 ft?
(c) A = 64(1 + cos 6)(sin 0)
(d) 100
0 90

0

83.14 ft?; They are the same.

69. (a) 18 (b) 12 mo; Yes, there are
12 months in a year.
f\ (c) 2.77; The maximum change
in the number of hours of
o lbee———— ]2 daylight

0

71. True. In a sin wt or a cos wt, a is a real number.
73. False. The ampitude is equal to a.

Answers to Odd-Numbered Exercises and Tests

75. Answers will vary.
79. 4x + 5y —22=0

77. 4x —y + 6 =0
81. All real numbers x

83. All real numbers x

Review Exercises (page 340)
1. 1rad
3. (a) ’ (b) Quadrant III
107 27
© — -5
s 3 3
; - |
5. (a) Y (b) Quadrant III
7o 17
(© 6" 6
6
7. (a) M (b) Quadrant I
(c) 405°, —315°
45°
9. (a) M (b) Quadrant III
(c) 225°, —495°
,
11. 135.279° 13. 6.572° 15. 135°17'24”
17. —85°21736” 19. 1.641 21. 7.243
23. 128.571° 25. —200.535°
27. Complement: %T; supplement: %T
29. Complement: % supplement: %T
31. Complement: 85° supplement: 175°
33. Complement: none; supplement: 23°
25 467 .
35. Erad 37. - m 39. 60007 cm/min
V2 ﬂ) ( V3 1)
41. ( R 43. D)
1 /3 V2 \/§>
5. (-2 -F) o (-4
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A98 Answers to Odd-Numbered Exercises and Tests

2 . 4 2V
49. sing = % 51. sin 27 = 0 85. sin 6 = _ 87. sin 0 = 753
. /2 cos2m =1 3 753
005227 tan 27 = 0 cosGZE cos():—?
- csc 247 is undefined. 4 )
tanzzl sec2m =1 tan0:§ tanﬂz—;
e T 7 cot 27 is undefined. . § e J53
4 ) 4 ) 2
5 V53
secg=ﬂ sec(9=§ sec0=—T
cotl-r:l t49*E t9*—z
n cot = 2 cot 6 = 5
. 7\ _ 1 . m\ . 15481 .o V1
53. sm( 6 ) =5 55. sm( 2> = -1 89. sin 6 = 481 91. sin b = — 3
17\ /3 T _ 16481 5
cor 147) = % cor( =5 =0 0 e 06
1 3 . _15 _ V11
tan(—T) =5 tan<—§> is undefined. tan 6 16 tan 6 5
11 V481 611
csc(—%) =2 csc(—%) =—1 csc b = 15 csc b = EEETE
V481 5V11
sec(—lll) =23 sec(—ﬂ> is undefined. sec 6 = 16 cotf = — 11
6 3 2 6
1
11 — 2
cot(—Tﬂ-) =3 cot(—%) =0 cot 8 15
. 5 5 V55 855
5.1 59.—3 6L () -3 (b) —3 93. cos = ——— sec = ———
63. (a3 ()3 65 —08935  67.0.5 g 3 /55 e /35
69. sin 6 = @ 71. sin 6 = 56—V161 55 3
8
4 661 csc O =—
cos § = — s =—— 3
9 61 -
/65 5 95. 0’ = 30° 97. 0’ = —
tan 0 = —— tan 0 = — 4
4 6 y y
BN g YO
csc 5 csc 5
9 /6l 0=F
sec 0 = 4 sec 0 = 3 9=330<\ ) (— X
4./65 6 6’=30° o=
= — == 4
cot 6 65 cot 6 5
T . 1T
73. sm0—24 75. smO—T7
V527 417 r — o ,_ T
S e I~ 7 99. 0’ = 84 101. 6’ = —
cos 6 o cos 6 17 5
7527 1 f A
tan 6 = 527 tanH—Z
24
csc 0 = = csc 0 = V17 0 — 2640 o2
g 243521 g Y17 [ x > N x
el TS et =y 0'=84° G _6n
5
cot = @ coth =4
77. (a) 0.1045  (b) 0.1045 79. (a) 0.7071 (b) 1.4142 A |
81. Answers will vary. 83. 235 ft 103. sin 240° = ——— 105. sin(—210°) = 5
o 1 o /3
cos 240° = 5 cos(—210°) = 5
tan 240° = /3 tan(—210°) = —?
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107. sin( 2

w):_ﬂ

—-— 109. sind7 =0

4 2 cosdmr =1
cos(—gl) = ~v2 tan 47 =0
4 2
tan(—%) = -1
4
111. 0.6494 113. 3.2361
115. M 117. Y
L
2

119. Period: 2; amplitude: 5
121. Period: 7r; amplitude: 3.4

123.

127.

131.

) 125. J

129.

" 133.

+—t—+— +—t—+— X
—4—3—2—]1 1 2 3 4
ol
3l
4l
T T
135. a= —-2,b=1,¢c = — 137. a= —4,b=2,c = =
4 2
139. 3¢ Maximum sales: June
Minimum sales: December
0 12
40
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Answers to Odd-Numbered Exercises and Tests

141.

155.

159.

163.

143.

147.

A99

y 151 ;
i 3
1
i 2
U
1
' | A |
| 1 \ '
T x = > x
2, 1 : 4
' | H '
[
y
[ | : ! [
[ I 3 : [
[ 1 ! ' 1
1 1 2 | 1
1 1 1 ' 1
1 1 1 ' 1
1 1 ' ' 1
| | | L 1 i
T T — x
1 - 1 T 12
1 1 1 ' l
1 1 1 ' 1
1 1 1 ' 1
1 1 1 ' 1
1 1 | | 1
1 1 i | 1
1 1 h 1 I
! 157. 4
! i ’ H
_61\ A_A A_A 6 I A W : -
VY MY Y Y Y LY
3
-1 -4

Answers will vary.
5

D WANFANFAN AN
VAL ARV

-5

Answers will vary.

J
<

-20

20

47

161.

—e" < ¢*sin2x < ef

Touches y = +e*atx =

nm
Intercepts at x = —

Answers will vary.

2

MVAWATFA

e AN
WAV VA

-2

Answers will vary.

2

a
-+
4
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A100 Answers to Odd-Numbered Exercises and Tests

165. 14 —2x = 2xcosx = 2x 4./17 7353
_ _ 3.sinf =—— 4. sin 0 = ———

Touches y = £2x atx = nm 17 33
~10 10 T V17 253
Intercepts at x = — + n = 2 = Zv -7

\ p ) cos 0 7 cos 6 53

- tan ) = —4 csct‘):7753

T T S
- — — V17 N
167. (a) > ®) 0 169. (a) 1 (b) 6 csc § = ; sec = 253

171. 1.14 173. —1.22 175. —1.49 177. 0.68

2

— 2% = —-J17 to=2

179. 6 = arcsin 2= 181, ———— 183 2/4 -2 sec 6 cot 6=
16 2x — x? 4 —x?

th=——
185. 0.071km  187. 9.47mi  189. d = 3 cos% «©
. . . 5. 0" =75° 6. Quadrant IT
191. False. y is a function but is not one-to-one on y
30° < 6 < 150°.
193. False. Sine or cosine is used to model harmonic motion.
195.
@ T 10 20 30 6=255°
/AR .
6 | 0.0224 | 0.0894 | 0.1989 U
S 40 50 60
6 | 0.3441 | 0.5105 | 0.6786
7. 135°,225° 8. 1.33,1.81
(b) 6is not a linear function of s. 9. sin 6 = ‘51
197. (a) 1 tan 0 = —3
5
\ csc =73
- ma e sec 0 = —%
\ cot O = —%
—10 10. 4 11. N
The polynomial function is a good approximation for the
arctangent function when x is close to 0.
3 s 7 9
(b) arctanx%)c—’L-‘:-xf—xf-l-/L

3 5 7 9

10

N

-10

13. "

The accuracy of the approximation increases as
additional terms are added.

Chapter Test (page 345)

|
NN

1. (a) M (b) Answers will vary. ) ) N
Sample answer: - 7% % r
st 137 _3777'
Y \ 47 4 14. 15. y
C . (o) 225° A R
L A
P A B A B :
4 AT N 2
2. 445 =~ 44.44 rad/sec AL |

e NI
Tk
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16. 4

LA

Wi

VIV

=)

—4

Period: 2 Not periodic
1 T ﬁ
18. a = 2,b—2,c— 1 19. >
20. u 21. 2r
-3 3
— -2 2
. 0
22. 2 23. 231.34°
-10 10
Chapter 5
Section 5.1 (page 354)
1. (@ i (b) i (¢) ii 3. sinu 5. cosu
_ V3 _
7. tanx = 3 9. cos 0 = >
cscx =2 tan 6 = — 1
secx:2373 CSCHZ—\/E
cotx=\/§ coth = —1
11. sinx = —% 13. cos ¢ = —%
cosx = —% tan ¢ = —%
_ _25 _
cscx = —5 cscp =
cotx:"%4 cot(j):—%
2 2
15. sinx = 3 17. sin 6 = —?5
NG V5
Cos X = ——— cos = ———
3 5
cscx=§ csc0=f£
2 2
secx=f¥ sec = -5
cotx=—§ cot0=5
19. sin6 =0 sec 0 = —1
cos = —1 cot 6 is undefined.
tan 0 = 0
21. d 22. a 23. b 24, f 25. ¢ 26. ¢
27. b 28. ¢ 29. f 30. a 31. e 32. d
33. cosx 35. cos? ¢ 37. secx 39. 1
41. cotx 43. 1 + siny 45. cos’x 47. cosx + 2
49. sec*x 51. sin®?x — cos?x 53. (cscx — 1) cot®x
55. 1 + 2sinxcos x 57. cot® x 59. 2 csc?x
61. —cotx 63. sec x 65. 1 + cosy 67. cosx

69. 3(sec x + tanx)

17.

o—-—vm—-taz

-2

Answers to Odd-Numbered Exercises and Tests

71.

73.

75.
83.

91.
95.
101.

103.

105.

107.
109.
111.

115.

121.

123.
127.

X 0.2 0.4 0.6 0.8
y; | 0.1987 | 0.3894 | 0.5646 | 0.7174
v, | 0.1987 | 0.3894 | 0.5646 | 0.7174
X 1.0 1.2 1.4
y, | 0.8415 | 0.9320 | 0.9854
Y, | 0.8415 | 0.9320 | 0.9854
X 0.2 0.4 0.6 0.8
y; | 1.2230 | 1.5085 | 1.8958 | 2.4650
y, | 1.2230 | 1.5085 | 1.8958 | 2.4650
X 1.0 1.2 14
v, | 3.4082 | 5.3319 | 11.6814
y, | 3.4082 | 5.3319 | 11.6814
csc x 77. tan x 79. 5cos 0 81. 3tan 6
3 cos 0 85. 3 sec 0 87. 3tan 6 89. /2 cos 6
3
0<6=sm 93.0S0<721,77T<9<27T
Injcot 8]  97. In|(cos x)(1 + sinx)|  99. In|tan x|
The identity is not true when 6 = %T
. .. S
The identity is not true when 6 = 3
. I ks
The identity is not true when 6 = -
(a) and (b) Answers will vary.
(a) and (b) Answers will vary.
M = tan 0 113. Answers will vary.
False. cos 0 - secg #1  17.1,1 119 00,0
1
cos = +1 — sin? 0 sec@=iﬁ
: T — ain2
tan0=iL? cot0=iw
V1 — sin? 6 sin 6
csc 0 = !
sin 6
The sign depends on the choice of 6.
x>+ 6x — 8 125 —5x> + 8x + 28
(x +5)(x—8) T2 -4+ 4
Y 129.
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A102 Answers to Odd-Numbered Exercises and Tests

Section 5.2 (page 362) 69-75. Answers will vary.
) 77. (a) Answers will vary.
1. cotu 3. tanu 5. cos®u 7. —sinu 9. No (b)
11-19. Answers will vary. 0 15° 30° | 45° | 60° | 75° | 90°
21.
X 0.2 0.4 0.6 0.8 s | 1866 | 866 | 5 | 288 [ 134 | O
y; | 4.8348 | 2.1785 | 1.2064 | 0.6767 (¢) Maximum: 15°  (d) Noon
y, | 4.8348 | 2.1785 | 1.2064 | 0.6767 Minimum: 90°
79. True. For instance, (sec? § — 1)/sec? § = sin? § was verified
X 10 12 1.4 two different ways on page 358.
s T o T o T
v, | 03469 | 0.1409 | 0.0293 81. False. sin (4> + cos (4) # 1 + tan (4)
83. (a) Answers will vary.  (b) No. Division by zero.
34 14 .02
Y2 | 03469 | 0.1409 | 0.0293 85. acos®  87. asec O
3. 02 04 06 0.8 89. tan?x = [tanx|; 3777 91. |tan 0] = /sec? 6 — 1;3777
93. Answers will vary.
v, | 4.8348 | 2.1785 | 1.2064 | 0.6767 95
T x —4 -2 |10|2] 3
v, | 4.8348 | 2.1785 | 1.2064 | 0.6767
y | 3.0625 | 325 | 4 | 7| 11
x| 10 | 12 | 14 | g
Y=Y " Horizontal asymptote at y = 3
y; | 0.3469 | 0.1409 | 0.0293 gt
¥, | 0.3469 | 0.1409 | 0.0293 | | s 6+
0
25. ——
X 0.2 0.4 0.6 0.8 o1
yi | 5.0335 | 2.5679 | 1.7710 | 1.3940 R R
-4 -2 2 4
¥, | 5.0335 | 2.5679 | 1.7710 | 1.3940 97
“lx | =3 -21]0 2 4
5
x| 10 1.2 1.4 y| 9 | s |2]125] 10625
y; | 1.1884 | 1.0729 | 1.0148
" Horizontal asymptote at y = 1
y, | 11884 | 1.0729 | 1.0148 | s
0
27. X 0.2 0.4 0.6 0.8
yi | 5.1359 | 2.7880 | 2.1458 | 2.0009
Y, | 5.1359 | 27880 | 2.1458 | 2.0009 A B
—4—3—2—]_10 1 2 3 4
x| 10 | 12 | 14 | .
Section 5.3 (page 373)
Y | 2.1995 | 2.9609 | 5.9704 y=,
1. general 3. No 5-9. Answers will vary.
Yo | 21995 | 2.9609 | 5.9704 | | s 11. 30° 150°  13. 120°,240°  15. 45°,225°
0 11 11
_ . 17. 22 0m g9 3T Iy Sm w  Im Um
29. cot(—x) = —cot(x)  31. (tan?x) 6’6 4° 4 6’ 6 6’ 6
33-57. Answers will vary. ek Rk 1 117
C S .+ 2nm —— +
59. 2 61. 2 Bge Mgy Bg ramogtm
™ 117 T Sm
AT Lo+ — 4 .~ +nm, — +
. , , ] 31 6 2n1r, 6 2nar 33 6 ni, 6 nir
e 2 S
T oam S+ 7. =7, =%
i ! 35 3 T nir 3 3 3
37 S 7 3
y=1 y = sinx 39. g,%,%,% 41. O,g,ﬂ, 27T

63. Answers will vary. 65. 1 67. 2
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43.

49.
53.
57.

59.

61.

67.

73.
77.
79.

81.
83.
87.

89.

91.

5w 7m 17
6’6 6
51. 0.8614, 5.4218

T S
S0 T,

3 3
3.6652, 4.7124, 5.7596

45. No solution 47. g

1.5708 55. 0.5236, 2.6180
(a) 2 (b) sin 2x = x> — 2x
(c) (0,0), (1.7757, —0.3984)
0 2m
-2
(a) * (b) sin?x = e¥ — 4x
(c) (0.3194, 0.0986),
(2.2680, 0.5878)
0 2m
-2
T N 2T S
+ R a4
2@ + 4dnm 63 3 > 65 3 ni, 6 nw

7
g-l- 4n7'r,777 + 4nar

1.1071, 4.2487 75. 0.8603, 3.4256
0,2.6779, 3.1416, 5.8195
0.3398, 0.8481, 2.2935, 2.8018

69. x=—-1,3 71. x = £2

5
4
—1.154,0.534
(@ 2

Foro

-2
Maxima: (0.7854, 1), (3.9270, 1)
Minima: (2.3562, —1), (5.4978, —1)

T ST
Ve arctan 5, arctan 5 + 7

85. 1.110

o

a 37 S T

(b) T4 a4

(a) 2

S|

-2
Maxima: (1.0472, 1.25), (5.2360, 1.25)
Minima: (0, 1), (3.1416, —1), (6.2832, 1)

o

S5

() 0, g ™2

(a) 2

~—}

-2
Maximum: (0.7854, 1.4142)
Minimum: (3.9270, —1.4142)

T S
®) 4 4

o

Answers to Odd-Numbered Exercises and Tests

93.
97.

99.
103.

A103

1 95. May, June, July

(a) All real numbers x except x = 0

(b) y-axis symmetry; horizontal asymptote: y = 1
(c) Oscillates

(d) Infinite number of solutions
(e) Yes. 0.6366

0.04 sec, 0.43 sec, 0.83 sec

(@) 2

| S

101. 36.87°,53.13°
(b) 0.6100 < x < 1.0980

Mo

-2

x=0.86,A~1.12

105. 1 107. False. sin x — x = 0 has one solution, x = 0.
109. False. The range of the sine function does not include 3.4.
111. Answers will vary. 113. 2.164 rad
115. —0.007 rad 117. Answers will vary.
Section 5.4 (page 381)
. . tanu + tan v
1. sin u cos v — cos u sin vy 3, —m—————
1 — tanu tan v
5. cosucosv + sinu sin v
7. Sample answer: sin(45° + 60°)
1 3 V2 -6 1+ V2
9. (a) > (b) 2 11. (a) 1 (b) >
13. (a) 7‘@: N ﬂz_ !
+ —
15. sin 105° = y 17. sin 195° = #
- +
cos 105° = y cos 195° = —y

tan 105° = —2 — /3 tan 195° =2 — /3

19 sinM — @ 21 sin(,i) — M
: 12 4 : 12 4
T SIESE () s
12 4 12 4
117 i
tan 2 =-2+./3 tan(—lz)—ﬂ—Z
+ +
23, sin75° = % 25. sin(—285°) = y
cos 75° = # cos(—285°) = #
tan75° =2 + /3 tan(—285°) = /3 + 2
77, sn BT_V2- V6, in<—7—”> _ 2+ 6
R D) 4 -T2 4
Br_ 2+ .6 (_71> _2-6
%72 4 O\ T2 4
137 T
tan?—Z—\/g tan(—ﬁ>—2+\/§
31. cos 70° 33. tan 209° 35. sin2.3
167 N&) V3
37. cos 03 39. 3 41. 3 43. — /3
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A104 Answers to Odd-Numbered Exercises and Tests

. T 11
BT 02 0.4 0.6 0.8 19. 1.5708, 3.6652, 5.7596; g ?W’Tﬂ
y, | 0.6621 | 0.7978 | 0.9017 | 0.9696 21, sin2u =2 23. sin2u =
7 3
y, | 0.6621 | 0.7978 | 0.9017 | 0.9696 cos 2u = 55 cos2u =3
_ 2 _4
tan 2u = 5 tan 2u = 3
2
x| 10 | 12 | 14 25, sin 2 — _?
y, | 0.9989 | 0.9883 | 0.9384 T 1
T cos 2u = —
0.9989 | 0.9883 | 0.9384
Y2 o5 5 tan 2u = /3
47 27. 4 sin 2x 29. 4 cos 2x 31. §(3 + 4 cos 2x + cos 4x)
Tl x 0.2 0.4 0.6 0.8 33. §(1 — cos4x)  35. 35(2 + cos 2x — 2 cos 4x — cos 6x)
Ty _ 1
v, | 0.9605 | 0.8484 | 0.6812 | 0.4854 37. 21(1 °°Z4") 391‘ 3(1 + cos )
— COS ax
4. ——— 43.-(3-4 + cos 2
v, | 0.9605 | 0.8484 | 0.6812 | 0.4854 T oosdy 43 g3 T dcosxtoos2y)
. 5.0 w9l @
x 1.0 12 1.4 17 17 4 4
8 217
y, | 02919 | 0.1313 | 0.0289 [ (e V17 ()4 (9 17 (h) 7
+ V2 +
¥, | 02919 | 0.1313 | 0.0289 | R 47, sin75° = %ﬁ 49, sin 67° 307 2#\/5
0
_56 56 13 36 2 — 2- 2
49. & %3 3.8 S5 s cos 150 = Y2 V3 cos 67°30" = 2 V2
X — - X
¥ = ey 0 60 S tan 75° = /3 + 2 tan 67°30" = 1 + /2
67. —1 69. % 71. % 73-79. Answers will vary. 51, sin T = 2-2 53 sin3l _ N2+ V2
- T 57 ) 2 ) 2
81. —  83.0,—, m—  85.0.7854,5.4978
2 373 s T2t 2 3T _N2- 2
T 37 . 8 2 8 2
87. — m— 89. Answers will vary.
22 tan— = /2 — 1 t3——\/§+1
91. False. cos(u = v) = cos u cos v F sin u sin v ang = angm =
93 and 95. Answers will vary. 55, sin X = 526 57 sin % = 89 — 589
97. (a) \/Esin<0 + E) (b) ﬂcos(@ — E) . 2 26 . 2 178
: 4 4 u_ /26 u_ /89 + 589
99. (2) 13sin(36 + 0.3948)  (b) 13 cos(36 — 1.1760) %57 26 €Sy = 178
101. 2 cos 6 103. Answers will vary. an =5 tan % = 5— V89
105. u + v = w. Answers will vary. 2 2 8
107. cos(u + v + w) = 59, sin 2 = 310
COS 1 COS V COS W — Sin u sin v cos w ) 2 10
— sinu cos vsinw — cos u sin v sin w cos£=—\/10
109. (0, 19), (38,0)  111. (0, 4), (2,0), (7,0) 2 10
. u
Section 5.5 (page 390) tany = —3
1 + cos 2u lut N (u—v 61. |sin 3x| 63. —|tan 4x]| 65.
1. s 3. —2sin 2 i 3 T 57 -
67. —, m — 69. 3(sin— + sin0
oo im0 33+ sno)
5. tan > T.@ii ()i (o) iii 71. 3(sin 86 + sin 26) 73. 5(cos 60° + cos 90°)
9. @ M:F ©3F @@= 75. 3(cos 2y — cos 2x) 77. 2 cos 30sin 26
(e) 215 (f) 275 (g %i (h) 214 79. 2 cos 4x cos 2x 81. 2cos asin B
11. 0, 1.0472, 3.1416, 5.2360; 0, 3™ . Sin Gsin -~ ) )
T a3 S 37 T T ST
13. 0.2618, 1.3090, 3.4034, 4.4506; % 51—727 1]3—277%7 8.0 00 m g Mg
2o A 93. % 95.35  97-109. Answers will vary.
15. 0,2.0944, 4.1888: 0. =%, =~
17. 0, 1.5708, 3.1416, 4.7124; 0, g , 37”

Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



111, 108 2 113, 2 dcosZrF cosdy 11. tanx = > 13. cosx = X2
2 8 3 2
2 2 _5 tanx = —1
esex 4 cscx = — ﬂ
_2n 27 _2n \ /\ / /\ / 27 5 secx = /2
secx = =~
3 cotx = —1
-2 -2 cotx = 3
1 —x? +
5. 20/1-2 17 1-22 19 s 15. cos>x  17.csc6  19.1 2L cscx
5 * 23. 1 + cota 25-37. Answers will vary.
T T
121. @ x =0, 3’ ™ 3’ 2 39. g + ZnW,%T + 2n 41. %T-ﬁ- 2n7T,23l + 2n
1+ /33 1+ /33
(b) x = arccos ————, 27 — arccos ———— T T 21
8 8 43.g+n7'r 45.§+n7'r,?+n7'r
123. 23.85° 125. x = 2r(1 — cos 6)
/ 4. T 40w T b 49 am 510,25 47
127. False.sin%z— %forwﬁ%ﬁ%ﬁ "6 6 ' 373
: ™ m 37 97 1w
129. (a) 2 (b) y = sin 2x. 53.0,5,7m 55 38 8° 8
f\ ‘/\ f\ (c) Answers will vary. 570 7 3w 57 Tw 97 1w 137 157
NRYEYRVAY T8 8878787 87 87 8
T S5m T, N
— 59. E+n77,ﬁ+n7r 61. EJr? 63. 0, 7
131. (a) y (b) 2-/10 65. arctan(—4) + , arctan 3, arctan(—4) + 2, arctan 3 + 7
(-1,4)
4T (©) (2, 3) 67. sin 285° = _M 69 Sin?’ll _ M
31 .2 ) 4 ) 12 4
ol * cos 2850 — YO0 = V2 o Jm_ V2= 6
+—t —t—t—+—+ X 4 12 4
21| 123456 1
N an 285° = =2 — /3 tan31—27’= -2- 3
-3 71 sin 180° 73, tan75°  75. —%  77. %
4]
3 7
79. —— 81-85. Answers will vary. 87. E, K
133. @ o 22 o (33) ’ NG o
' 3 32 89. sin 2u = 226 OL. sin2u = —2
3 (3 i) 49 85
: v cos 2 =L cos 2 _
oy T Ty ST gs
0, ~
—t 2 > x tan 2u = —20\@ tan 2u = —%
-2 -l 12 3 77
- 93 and 95. Answers will vary. 97. 15°,75°
-2 99. 3%(10 — 15 cos 2x + 6 cos 4x — cos 6x)
1 1 — cos 8x
135. (a) Complement: 35°; supplement: 125° 101. §(3 + 4 cos 4x + cos 8x) 103. T+ cos 8x
(b) Complement: none; supplement: 18 . i 21— /3 CTm /r — NG
4 Tar 105. sin 15° = ————— 107. sin— = —~———
137. (a) Complement: o supplement: 18 2 8 2
| cos 150 = Y2+ V3 s 1T N2+ 2
(b) Complement: %; supplement: T(;T 2 8 2
139. 0.4667 rad tan 15° =2 — /3 tan%T =1-2
i i 1 14
Review Exercises (page 396) 109. Sing _ \/100 1. Sing _ 3¢14
1. secx  3.cosx 5. |sinx] ok 310 ok /70
7. secx 9. secx 27 10 ) 14
tanﬁ=l tang=3ﬁ
2 3 2 5
.0 0
113. —|cos4x| 115. tan5x  117. V= sin  cos 5 m’

Answers to Odd-Numbered Exercises and Tests
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1
119. 3<sing + sin O) 121. E(cos a — cos9a)
96 0 .
123. 2 cos( 2 > cos<2> 125. 2 cos x sin 1
127. y = % 10 sin(8t — arctan %)
129. TIO ft 131. False. cosg >0
133. True. Answers will vary. 135. Answers will vary.
137. No.sin § = %has an infinite number of solutions but is not an
identity.
139. y; =y, + 1
Chapter Test (page 399)
1. sin 6 = _3;3 B s
cos O = —213
13
—JV13
csc 0 = 3
—JV13
sec O =
2
2
tg=2=
cot 6 3
T 3
4. csc Osec 0 5.0,5<0§7T,7<9<27T
6. - Vi =¥
-2 s e 27

7-12. Answers will vary.
14.
15.

17

19.

21.
23.

-4

13. /3 +2

L(IO — 15 cos 2x + 6 cos 4x — cos 6x>
1 + cos 2x

16. 2(sin 66 + sin 26)

760 . 0 370 Imw
—2 cos > sm2 18. 0, 4,77, 1

a 57 To 17
2066 6
777 22. —2.938, —2.663, 1.170

24. 76.52°

Chapter 6

Section 6.1

. oblique
. AAS (or ASA) and SSA

© N v

(page 410)

P Lo .
3. 3bc sin A; 3ab sin C; 3ac sin B

C =95°b=2459in, c = 28.29 in.
A =40°a= 1569 cm, b =~ 6.32 cm

. C=74°15", a= 641 km, ¢ = 6.26 km
13.
15.
17.
19.

B = 21.55°, C = 122.45° ¢ = 11.49
B = 60.9°,b = 19.32, ¢ = 6.36

B =~ 18°13’, C = 51°32/, ¢ = 40.05
B = 48.74°, C = 21.26°, ¢ =~ 48.23

Answers to Odd-Numbered Exercises and Tests

21.
23.
25.
29.

31.

33.

35.
39.

43.
45.
47.
49.

51.

53.
55.

A =48° b =229, ¢c=473

A = 35° a=3650,b= 1105

A= 44°14", B = 50° 267, b =~ 38.67
Two solutions

B = 7221°, C = 49.79°, ¢ = 10.27
B =~ 107.79°, C = 14.21°, ¢ = 3.30
Given: A = 36°,a =15

27. No solution

5

(a) One solutionifb < Sorb =—.
sin 36

(b) Two solutions if 5 < b < ———.
sin 36

o5
sin 36°
Given: A = 10°, a = 10.8

(c) No solution if b >

10.8
sin 10%
10.8

(b) Two solutions if 10.8 < b < ——.
sin 10

(a) One solutionif b = 10.8 or b =

10.8
sin 10
37. 1782.32 square units

(c) No solution if b >

28.19 square units

2888.57 square units

16 h
®) sin 70°  sin 34°
(©) 9.52m

240.03°

15.53 km from Colt Station; 42.43 km from Pine Knob
0 =~ 16.08°

(a) a = 5.36°

_ . (dsin 6
b) B= arcsm< 5336
(d)

) (c) d = sin(84.64 — 9)[%]

0 10° 20° 30° 40° 50° 60°

d | 324.08 | 154.19 | 95.19 | 63.80 | 43.30 | 28.10

False. The triangle cannot be solved if only three angles
are known.

False. AAS and ASA cases have unique solutions.
(a) Answers will vary; Sample answer: b = 4
(b) Answers will vary; Sample answer: b = 7
(c) Answers will vary; Sample answer: b = 10

57. tan 6 = —%; csc 0 = —%; sec 6 = L;; cot § = —%
11
59. 3(sin 116 + sin56)  61. %(m% + sin 3777)
Section 6.2 (page 417)
1. 2=a*>+ Db*—2abcosC 3. No 5. Yes
7. A = 40.80°, B = 60.61°, C =~ 78.59°
9. A= 49.51°, B = 55.40°, C = 75.09°
11. A = 31.40°, C = 128.60°, b = 6.56 mm
13. A = 26.38°, B = 36.34°, C = 117.28°
15. B = 29.44°, C = 100.56°, a =~ 23.38
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17. A = 36.87°, B = 53.13°, C = 90°
19. A = 103.52°, B = 38.24°, C =~ 38.24°
21. A= 154°14",C = 17°31",b = 8.58
23. A=37°6"7",C =~ 67°33"53", b =~ 9.94

a b c d 0 ¢
25. 4 8 11.64 4.96 30° 150°
27. 10 14 20 13.86 68.20° 111.80°
29. 15 16.96 25 20 77.22° 102.78°
31. Law of Cosines; A = 102.44°, C = 37.56°, b = 5.26
33. Law of Sines; no solution
35. Law of Sines; C = 103°, a = 0.82,b = 0.71 37. 104.57
39. 19.81 41. 0.27 ft 43. 15.52 45. 35.19
47. 483.40 m 49.(a) N59.7E  (b) N72.8°E
51. 72.28° 53. PQ = 943,08 = 5,RS = 12.81
55. 18,617.66 ft?
57. (a) 49 = 2.25 + x? — 3xcos 6

(b) x = %(3 cos 0 + /9 cos?6 + 187)

(c) 10 (d) 6in.

\/
0] 27
0

59. True 61. Proof
63. To solve the triangle using the Law of Cosines, substitute

values into a> = b*> + ¢ — 2bc cos A.

Simplify the equation so that you have a quadratic equation in
terms of ¢. Then, find the two values of ¢, and find the two tri-

angles that model the given information.

Using the Law of Sines will give the same result as using the

Law of Cosines.

Answers to Odd-Numbered Exercises and Tests
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Sample answer: An advantage of using the Law of Cosines
is that it is easier to choose the correct value to avoid the

ambiguous case, but its disadvantage is that there are more

computations. The opposite is true for the Law of Sines.

65. Proof  67. —g 69. g
Section 6.3 (page 429)

1. directed line segment 3. magnitude
5. standard position 7. resultant
9. magnitude and direction 11. Answers will vary.

13. <1, 3), V” = m 15. <_3’ 2>’ V” = V13
17. (0.5), [V =5  19. (8,6),|v| = 10
3 /3 4141
21 <§, —§>, v = W2y, <Z, 2>, V| = /A
55 5 65 30
25. y 27. y
u+v,
v 'I \\\‘\\
III v
—v /I

29. " 31. "
v
u+2vpA S~
’I 2v x
1
/
1
/ u
1
’
’ \
I
u 2u
X
33. " 35. ’
2v
\ V—lu
\ 2
\\ /// \\
/u+2v J v
e —5u
P . .
-
u.’
() (=3, 1)
y
4
34
2+ o
u-v_._4 u
14+
p
I I S A R
p 1
-V
24
-3+
(d) (23,9)
y ¥
at . 12+
27/ 2u
3 10 v+4u
LT 81 du_~ S
. /
2u-3v - 1 6L /
’ 7’
——F—— —+ 4+ .’
-25-20 ,/ -10 510 e
g 2 A
' -2+ ¢ F——t—t+—+—+>x
/ -4 4 8 12 16 20 24
=3y -3+ -2t
39. (@) (=4, —4) (b) (~8,—12)
y y
4+ y; 2
7l P T S R PR X
24 t —— t
~10 -8 —6 -4 -2 2 4
, 1
BRIy I /v
J L )
u+vy u/ -6
4t 72N
Il Il/
, -6 4 ~10+
su -8+ UtV i+
() (—18, —28) (@) (—22, -28)
y y
5+ 6+
e L > x
-24-20-16-12 -8 -4 4 ~24-20-16-12 -8 /| 4
St
TS
“18 4
v +4u o4
Fau -30+
-30- _364
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41. (a) 3i — 2j (b) —i + 4j
y y
2+ 5+
1+ u U=v, 4+
-2 -1 i\ 34 —v/ N
1 U+V '\\\
ol y AN
// u
-3 v — > x
-3 -2 -1 1 2 3
—4+4 14
() —4i + 11j (d) 6i +j
y y
12+ 44 4u
2u-3v N
, Lo 3T AN
—3v \\\SA T V+4l;\
N 1+ Al
PN —— T x
\\ -1 1 1 2 3 i/ 5 6
2u ! 7
————+ +—t -2t L7
~10 -8 -6 -4 —2_20 2 4 LY
43. u+v 45. w — v 47. (1, 0)
f > < 24 7> 4. 3.
49.< 51 {~ 25 33 53. 51— 5
4 V6 4 V61 2
55.j 57. 0 86 j 59. 71_’_78
61 61 5 5
61. —8i  63.7i+4j  65. 3i + 8j
67. v=(3,-3) 69. v = (4,3)
y y
N
T~ 2
*1‘ 1
3u u\ .
24
7. v =(3 -3 73. |Iv| = 5. 6 = 30°
.
2]
1
2
—1 ]A’\'\i;%éujLw)
24 7“1
75. V| = 62,6 = 315°  77. |v| = /29, 6 ~ 111.80°
_ N z>
79. v = (3,0) 81.V—< 42
y y
44 4t
3+ 73 7\ 34
2] (R Z):
6 =150°
To=0° 3,0 1
SRR IR = i I I A
,2<» 710
Sl
5l
1
—4+
_al
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83.

87.

89. (102 — 25./3,25 + 10V2)
93.

97.

99.
101.

103.

<§ 10 + 5J§>
2 2

91. 90°
95. 62.72°
500+
400 +
300+
200+

100 +

4 4 4 4 4 4
t t t t t t
-100 100 200 300 400 500

—100+

vl = 647.85, 6 = 44.11°
Horizontal component: about 53.62 ft/sec
Vertical component: about 45.00 ft/sec

Ty =~ 3611.11b, Tye ~ 2169.51b
(a) T = 3000 sec H; Domain: 0° < 6 < 90°
b
() 10° 20° 30°

T | 3046.28 | 3192.53 | 3464.10

40° 50° 60°

T | 3916.22 | 4667.17 | 6000

(C) 7500
0 90

0

(d) The component in the direction of the motion of the

barge decreases.

(a) 12.10° 357.85N
(b) M = 10/660 cos 6 + 709
15 sin 6
o = arctan —————————
15cos 6 + 22
(C) (e} (e} (e} (e}
0 0 30 60 90
M | 370° | 357.85° | 322.34° | 266.27°
@ 0° 12.10° 23.77° 34.29°
0 120° 150° 180°
M | 194.68° | 117.23° | 70°
@ 41.86° 39.78° 0°




(d) 500 45
0ft——————] 180 0 180
0 0

(e) For increasing 6, the two vectors tend to work against
each other, resulting in a decrease in the magnitude of the
resultant.

105. N 26.67°E, 130.35 km/h
109. True.a =b =10

111. True. The magnitudes are equal and the directions are opposite.
113. True.a — b =candu = —b

115. True.a = —d,w = —d

117. False.u —v= —(b + t)

119. (a) 0°

(b) 180°

(c) No. The magnitude is equal to the sum when the angle
between the vectors is 0°.

121. Proof 123. Answers will vary.
125. (1,3) or (—1, —3) 127. 12x3y7, x # 0, y # 0
129. 48xy%, x # 0 131. 7.14 x 10°

107. True by definition

133. g + nm, m+ 2nw 135. g + 2nr, 5?77 + 2nm

Section 6.4 (page 440)

. Yes 3. scalar 5. (W)v 7.0 9. 14

11. 8, scalar 13. 4, scalar 15. (—114, —114), vector

17. 13 19. 541 21. 4 23. 90° 25. 70.56°
S
27. 90° 29. —
90 9 D
31. " 33. "
1 2
-1 1 2 3 4 5 g ! -2 # é 8 10 !
1+ ol
5
2
34 “T oV
T ) 67
-5 oV -8
—6+ 10+
0 =~ 4.40° 0 =~ 13.57°
35. 26.57°, 63.43°, 90° 37. 41.63°,53.13°, 85.24°
39. —162.2 41. —20 43. Orthogonal
45. Not orthogonal 47. Neither 49. Parallel
51. 3 53. 10 55. 0

57. 54 Dou = (515 + (-5.5)
59. 552, 15),u = (55,55) + (—3%.35) 6l.u  63. 0
65. 3, —1),(=3,1)  67. —3i —3j,3i +5j  69. 32
71. (a) 35,727.50; It is the total dollar amount paid to the
employees.
(b) Multiply v by 1.02.

Answers to Odd-Numbered Exercises and Tests
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73. (a) Force = 30,000 sin d

7 0| 1° 2° 3° 4°
Force | 0 |523.57 | 1046.98 | 1570.08 | 2092.69
d 5° 6° 7° 8°
Force | 2614.67 | 3135.85 | 3656.08 | 4175.19
d 9° 10°
Force | 4693.03 | 5209.45

(c) 29,885.84 Ib

75. (a) Work = 125/3d

® 25 50 100

Work | 5412.66 | 10,825.32 | 21,650.64

77. 10,282,651.78 N-m

79. True. The zero vector is orthogonal to every vector.

81. Orthogonal.u - v =10

83. 1. The angle between u and itself is 0. Then, using the
equation

u-u

(S

and substituting O for 6, you see that cos 0 = 1.

cos 6 =

85. (a) u and v are parallel.
87 and 89. Proofs
91. g is a horizontal shift of f four units to the right.

(b) u and v are orthogonal.

93. g is a vertical shift of f six units upward.
95. 15+ 12i  97.10  99.3 — 3L

Section 6.5 (page 452)

1. absolute value 3. nth root
5. The distance from the origin to the point (a, b)

7. Imaginary 9, Imaginary
axis axis
5 34
404 2+
3 14+
-5
2 - R
-5 -4 -3 -2 -1 1 axis
1 14
— > Real o
-3 -2 -1 12 3 B
-1 -3+
4 5
11. Tmaginary 13.  Imaginary
axis axis
—4+4i
et 4 8T 9+7i o
. 3 6+ L
~ ’
AN 2T 4 e
S ’
N -
AR 2t 7
' ' ' y RN N Real , [ , , , , Real
——F+—+—+ + . + +—t—t—+—+ e
-5 -4 -3 -2 -1 A -2 2 4 6 8 10 s
14+ o4
-2+ —44

42 V130
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T T 43. ]magi.nary
15. 2| cos 3 + isin 3 17. 4(cos 7 + isin ) axis
5
Sm .. 5w M7z .. 17 4
19. 3/2(cos = + isin — 21. 2{cos —— + isin—— 3 Y
4 4 6 6 2 )
23. ]magi.nary 25. lmagi.nary L ‘] ﬂ,"l‘ .. Real
axis axis H———— H———— o
—4-3-2-1 L 1 23 45 s
2 2 -2
I B 1 - -
—4-3-2-1 L 123 45 i —_— T -
-2 -4 -3-2-1 12 3 4 &8 -5
-3 N ..
2 j 29(cos 0.381 + i sin 0.381)
=5 ) Imaginary
-6 -4 45' axis
-7 -5 —5i
-3@—8i _6 f:
Real
37 .. 3w 37 .. 37 4-3-2-1 a1 2 3 45 s
8( cos — + isin — 5( cos — + isin— IPNIRN
2 2 2 2 NN
27. Imaginary 29. Imaginary —4+4 .
axis axis _s5t \
6+ \\
1+ N -1+ ®
, . . . . . Rel -8 3vV2-7i
1 N 2 3 4 5 axis \/§+i
T T .. V67(cos 5.257 + isin 5.257)
-2 AN . 7 - Real 47. Imagi_nzuy 49. Imagi.nary
—34 N t = + + . axis axis
E N 1 1 2 axis
-4t N 3t 21
N it
-5+ ®5-5i “1+/3i@27 '
N 1
4
572 coshﬁ-isinh 2(cos Z + isin = 1> Real —t > Real
4 4 6 6 -4 -3 -2 -1 12 s -2 -1 SNl 2 s
1+ .
31. Imaginary 33. Imaginary T 33 3.
axis axis -2t e Zl
1 -2
2 4 Real B
4 _3 2 _1 , axis
I ‘ . 3/3 3.
1 /,' ! ST —1 4+ J3i 4 4
, , i , , Real /,
_é _{ i } axis // -2 51. [magi_nary 53. ]magi_nary
/ axis axis
-7 ST 152 15v2. o3
2(1+.\/§') P T
- L
-2 -4 e 6+ 3433
AN 2+ 5+ [ ]
N ’
4T ’
T .. T 47 . 47 AN 1
ﬁ(cos — + isin *) 4<cos — + isin 7) T 3T/
4 4 3 3 N Real f” ’/
35. Imaginary 37. Imaginary _i _; _; 1 axis e Real
axis axis '—z't—f;—é—{ 4 i i "‘4 1‘1 ; axis
744 s34 -7 a4
. 4+ Ml
e Ll 3 152 152 ,
-~ 2+ —T—i-iz 3+3\/§l
N N N N S~ N Real T 3 Real
7é _é _;‘ _é axis 43-2-1 112345 axs S5. Imagi_nary §7. Imaginary
axis axis
-2+ -2
31 , , T . Real 2+
L] -1 B g
-5+ , 2.8408 + 0.9643i
-1 T _ -
65(cos 2.622 + isin2.622) 3(cos 0 + isin 0) , et R
39, TImaginary 41. Imaginary 1 2 3 4 axis
axis axis 14
-3
st
34
4 Y - 27
1 2t
ST 3G
1 A 1 . .
1+ .- ! —4i 2.8408 + 0.9643i
T et et Real
—4-3-2-1 1 12345 @axis 3 -2 -1 / 1 2 3 axis 59. 4.6985 + 1.7101i 61. 4.7693 + 7.6324i
1 L
-2 ’
=3 -1-2i¢ +
—44+
s -3¢
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63. lmz,iiir:al‘y 65. 10(cos 0 + i sin 0) 99. Im?ii;rslary 101. Imaziiizary
Real 9=% ]::;‘sl
The absolut.e .value of each 11501. o ) 103. Imaginary 105. Imaginary
67. 6(cos 7 + i sin ) 69. 5 (cos 200° + i sin 200°) axis axis
71. %(cos 130° + i sin 130°) 73. cos 30° + i sin 30°
75. %(cos 80° + i sin 80°) 77. 6(cos 312° + isin 312°) o .\9=27”
:§ t eal
79. (a) 22 (cos + isin 77) (b) and (c) 4 pees pees
T .. 7
ﬂ(cosz + isin 4)
81. (@) 2v/2 (C"S *+ isin 4> (b) and () 4 107. —2+2i 1098 111 —32/3 + 32i
12 12
ﬁ(cos%” + isin 7%) 113. 75 + 52\/31' 115. i 117. 4.5386 — 15.3428i

) o and (© 2 — 20 119. 256 121. —597 — 122i  123. 2048 + 2048./3i
an C — zl
125. 92£ + %i 127. Answers will vary.
ﬂ(cos + isin W)
34 129. 1+i,—1—i 131 —£+££ ﬁi
85. (a) 2(cos— + isin 7”) (b)and (¢) —2 — 2/3i

2 202 2
2( 1 ..1177) V6 ﬂ._ﬁ_?i

83. (a) 2(005 —— + isin 3777-

133. —1.5538 + 0.6436i, 1.5538 — 0.6436i
C0S7+l§ 135. T-O-fz,

6 Mg 2 2
87. (a) 2(cos 0 + isin 0) (b) and (c) 2 — 2i 137. (a) /5(cos 60° + i sin 60°)
V5(cos 240° + i sin 240°)

T . dm
—_ + ' —_
ﬂ(cos n i sin n )

89. (a) 5(cos 0.93 + isin 0.93)
S S
2| cos — 3 + isin —

(b) Tmaginary

axis

3
(b) and (c) (% - ﬁ) + (# + 1);‘
91. (a) 5(cos 0 + isin0) (b) and (c) % - %i
2f<cos + zsm4>
2
93. (a) 4(cos71 + isin f) (b)and (¢) 2 — 2i
2 2 139. (a) ¥/8 cosg + isin g) (b)

95. Imaginary 97. Imaginary

axis axis

37 3 (
ﬂ(cos + isin 7)
4 4 \“/g(cos 2m + isin E)

7
6+ R
al co0s 37 4 i gin 3T
/vv\ ) ﬂ\ _ \/g(cos 3 + 7sin 3>
o P W By R angts () 1.4565 + 0.840i
2T —0.8409 + 1.4565i

—1.4565 — 0.8409i
0.8409 — 1.4565i
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A112

141. (a)

(©)

143. (a)

(c

~

145. (a)

(©

147. (a)

(c

~

149. (a)

(©

151. (a)

Answers to Odd-Numbered Exercises and Tests

Imaginary
axis

ﬁ(cos + isin 727-) (b)

7 7
J 25<c0s ?77 + isin %)

ﬁ(cos 1 + isin HJ)
6 6

2.9240i

—2.5323 — 1.4620i

2.5323 — 1.4620i

Imaginary
axis

4 4
5<cos§ + isin ?ﬂ) (b)
( 107 . 1077)
5lcos — + isin——
9 9

( 167 . lew )
5{cos —— + isin——
9 9

0.8682 + 4.9240i,
—4.6985 — 1.71014,
3.8302 — 3.2139:

T
4(cos 3 + isin 6) (b)

4(cos S + isin E)
6 6

Imaginary
axis

Real
axis

4(cos 3m + isin 3*”)
2 2

23 + 2i,
—23 +2i, —4i

cosO + isin0 (b) Imellii;:ary

T .. 2T

— + isin ? .

4ar +isi dar

cos — + isin—
5 5

Ccos

Real
67 6 axis
cos — + isin—
5 5
8T . . 8w ol
COS — + isin—

1,0.3090 + 0.951147, —0.8090 + 0.5878i,
—0.8090 — 0.5878i, 0.3090 — 0.9511i

5<cos 3 + isin ;T) (b) Ime;gxiir;ury
5(cos 7 + i sin )

5 .5
5<cos ?77 + isin %)
Real

T T
—_ + —_
cos 2 isin 1 )

153.

155.

157.

159.

161.
167.
169.

171.
175.
177.
179.

(b) Imagihary (c) 2.5201 + 1.2841i,
—0.4425 + 2.7936i,
—2.7936 + 0.4425i,
—1.2841 — 2.52014,
Refl] 2 — 2[
cos z + isin K Imaginary
8 8 axis.
CcoS 577-+ | sin Sk 2+
20 2T
8 8
9 . 97 -
cos? + i sm? ‘ » ‘ real
—i -7 I\ é axis
cos 3w + isin 137 ‘\-—\'/
— +i
8 8
244
3 cos + i sin > Imz%(iif:“'y

Imaginary

? axis
7
2 cosf + lsml)
8
11 11
2( cos — 74 i sin 787T> % . Real
-3 3 axis
2 cogﬁ + minlsi)
8
T T
6 Imaginar;
ﬂ(cos 0 + isin ]2) e
S S
6 - 4+ = 2T
ﬂ(cos 1 i sin 4)
B 2w /"\
6 -~ - \
ﬂ(cos B + isin 12) # f — # 1:;;:1
-2 K 2 ;
Ry
E=34+38 163.z=3-Y 165.1=2+ i
True. [%(1 - ﬁl)] =—1

True. z,z, = ryry[cos(6, + 6,) + isin(6, + 6,)] = 0 if and

only if r;, = 0 and/or r, = 0.
Answers will vary. 173. (a) r?
Answers will vary.

16; ¢t =
Maximum displacement: é; t=13

Maximum displacement:

(b) cos 26 + isin26
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Review Exercises

(page 458)

1. C =98°b = 23.13,c = 29.90
3. A=50°%a=19.83,b = 10.94
5. C=74°15",a=584,c =~ 648

7. No solution
11. 19.06 13. 221.34

15. 31.01 ft

17. A = 27.81°, B = 54.75°, C = 97.44°
19. A = 15.29°, B = 20.59°, C = 144.11°
21. A = 13.19°, B = 20.98°, C = 145.83°
23. A = 86.38°, B =~ 28.62°, ¢ = 22.70

25. 4.29 ft, 12.63 ft
29. 511.71 square units

33. (7, -7),

vl =7v2

27. 7.64 square units

31. (7, -5).|v| = V74

9. A =34.23° C = 30.77°, ¢ = 8.18

35. (a) (—4.3) () (2,-9)
y y
Ny 6 24
/I 5
/ I — bt
h 4T 6 -4 -2 2 4 6
u+v 34 u/l
\ Pas {

\\ | \:»

\ h -V
————— > x -6\
7-6-5-4-3\ -1/ 1 2 o

1
/] ST Yu-v
\\ uA —10"
(©) (—=3,-9) (d (—11,-3)
¥ ¥
2T /I 2v
———— ——x O\
-8 -6 -4 -2 2 4 ) i
-+ 1
— -
—20-16 . 4
2v + 5ur T
N -
'\ 5u
AY -
AY
—16+
(b) (=9, —2)
y Yy
8 6
u+v.g 4
’ ~
P S ~a 24
// v //
< A :
u 10 . 2
e — e v ~2-
-6 -4 -2 2 4 6 S~
-2 S~y -4
—4 —6-4
(c) (—15,6) (d) (=17, 18)
¥y y
9 25+

2v+5u 20T
e
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RAANGNEEE
. ~
P 105 ~
X
3 Su 5 2v
-25-20-15-10 -5 10

-10+

39.

41.

45.

51.
55.
57.
59.

67.

77.
85.

Answers to Odd-Numbered Exercises and Tests

A113

(a) 7i + 2j (b) —3i —4j
y y
5+ 24
4+ 1+
34 Vo~ ———— +——+
5 RN -5 -4 -3 -2 152 3
1- 7 v 247
- . Fuv/ 31
-1 2.-74 5 6 7 S~ h
L 3 4t
2 5
34 —6+
(c) 61 — 3j (d) 20i + j
y y
3+ 124
2
g
1+ ASN
B e e e e ] AT Tl
-1 2 3 4 5 6 7 viSu S
-1+ u i —_— T
—4 8 12.-7 20
o4 \ mi e
34 3u Su
_g+
44
_s4 -2+
(30, 9) 43. (74, —5)
y y
30+ S0
40+
25+ 304
20+ 20T
10+
15+ P
10 20 30 40 90
10+ -1
° —204
5T —30+
T -dor
5 10 15 20 25 30 -50+
V29 C o
<0, - l> 47. W(S, _2> 49. 9i — 8]
vl = 7; 6 = 60° 53. |v|| = V41; 6 = 38.7°

v = 3v2; 6 = 225°
133.92 Ib, 5.55° from

the 85-1b force

2—3<—4, —1), é:%,
87. }(—1, 1), (—3,3) + (

1154716 61. =20  63.7  65.25
—40 69,2802 71 U7
12
75. y
1
ol
4+ v
N
——t—
-4 -2 6 8 10
)
L
*6" u
el
90° 52.2°
Parallel 79 Neither ~ 81. 5  83. —1

13 _16 64
_17> + < 17> 17>

2,9)  89. 72,000 ft-Ib
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A114 Answers to Odd-Numbered Exercises and Tests

91. ]magivnary 93. Imagi‘nary T
axis axis 121. 2<cos + isin > Tmaginary
707 54 72 27 iy
z ;‘ e 2<cos rad i sin 677)
. T e .z
3 It - 2{cos — + isin—— Real
2 ket s Rl 6 6 ! 17 ais
| 2-1,1 123 456 W -
Real s
SRR EER 21
7 V34 123. True. sin 90° is defined in the Law of Sines.
T .. I Ta ..
95. 2.2 (cos e + isin T) 97. 2<COS? + isin ?> Chapter Test (page 461)
99. 10(cos 37” + isin 3%’) 101. 4(cos 240° + i sin 240°) L. C=46%a~13.07,b = 2203
2. A =2233° B~ 49.46° C =~ 108.21°
103. (a) 22 <cos + isin 7;) (b) and (c) 12 3. B=40.11°,C = 104.89°,a = 7.12
4. Two solutions
32 <cos7ZT + isin jf) B~ 41.10°% C =~ 113.90°, ¢ ~ 38.94

B = 138.90°, C = 16.10°, ¢ = 11.81
. No solution 6. B=14.79°, C = 15.21°,¢c = 4.93

wn

105. (a) 32 <cos7l + isin h) (b) and (c) —%i

4 4 7. 6751t 8. 2337 m? ~ J313
22 <cos7ZT+ isinjf) 10. (2) (8,8) (b) (—12,—-22) (c) (—4, —26)
625 62543 _ 11. (a) <—.7, —1§> (b) <—?, 32) . (©) (-2.4, 20>.
107. BN + 5 i 109. 2035 — 828i 12. (a) 13i + 17j (b) —171 — 28 (c) —i — 14j
. . . 13. (@) —j () 5i+9j () 1li + 17j
111. +£(0.3660 + 1.3660 3. —1+i,1—
( i ’)W bt » <3\/13 _2\/13> s <18\/34 _30\/34>
115. (a) 3(0052 + isin Z) (b) maginary N\ 13 13 ) 17 17
- 16. 6~ 14.87°,250.151b  17. —1  18. 105.95°
3<c0s + isin 12) 19. Yes.u - v =0 20. <%, %) u= <%, %) + <—%, %)
3
3(COS Cain 1177) 21. z = 6f(cos + isin 47T> 22. —50 — 50/3i
12 6561  6561/3
5 6561  6561/3. .
3<c087 +isin Tﬁ> BT 2405832
19 T
3<cos +isin 1277) 25. 4<cos 2 + isin 12>
T
23
3<COS + isin 1277') 4<cos + isin 12)
(c) 2.1213 + 2.1213i, —0.7765 + 2.8978i, 4<Cosm . 1377)
—2.8978 + 07765, —2.1213 — 2.1213i, 12
0.7765 — 2.8978i, 2.8978 — 0.7765i 4<COS— Tis n%)
117. (a) 2(cos 0 + isin 0) (b) maginary
2<coszl 4 isin 2777> A 26. 5<Cos + isin >
3 3 .
T
4 4 27 2
2<cos 3 + isin ;) 5<COS *isin 8 )
(© 2,—1+ V3, 5(005* + zsm%)
—1 - J3i
V3i Br .. 137
3t 5 cosf + isin—— 3
Imaginar
119. 4<c0s§ + isin jf) Imf;iii';ary fxis Y
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Cumulative Test for Chapters 4-6
(page 462)

1. (a) y (b) 210°
© S
o) -7
6
x (d) 30°
Je=—150°
. 1
(e) sin (—150°) = -5
3
cos (—150°) = —%
3
tan (— 150°) = Tf
csc (—150°) = —2
2V3
sec (—150°) = —Tf
cot (—150°) = /3
2. 146.1° 3. cosf=—33
4. Y 5. Y
A |
A |
3 ot/ |
2 ; ; ;
| AT ARE
bt > x 2t :/
3 2 -] 1 2 3 | | |
"J( -3 |
6. Y 7.a=3,b=mc=m
) o
L2 \2
3 2x
8. — 9 10, —— 11. 2tan 0
5 N/ .

12-14. Answers will vary. 15. 3777 + 2n

16. g+ mr,%” +nm 17, 17646, 4.5186
18. 2 19. ¢
o127
"/ e 0 27
: ’/
T
-10 -12
ks mSm
373 4 4
1 2.5
2.2 2.5 2.7

Answers to Odd-Numbered Exercises and Tests

A115

23. 2 cos 6x cos 2x 24-27. Answers will vary.
28. B =~ 14.89° 29. B =~ 52.82°
C = 119.11° C =~ 95.18°
c = 17.00 a= 532
30. B = 55° 31. A = 26.07°
b =~ 20.14 B =~ 33.33°
c=24.13 C = 120.60°
32. 131.71 in.? 33. 94.10 in.? 34. 3i + 5j
3s. ?i - %j 36. — 37. 1
8. (15 —Hhu=(F -8 + (-5 D)
39. 3ﬁ<cos7 + isin%”) 40. —9 + 3.3
41. — 123 + 12i
42. 1.4553 + 0.3436i, —1.4553 — 0.3436i
1, V3, 1 /3,
43. 1, > + > i, 2 > i
T
44. 5<cos + isin 4> 45. 5 ft
3
5(005* + isin T)
S
5(005* + isin T)
T
5<cos + isin n )
46. d = 7 sin Zl 47. 54.34°;489.45 km/h 48. 80.28°
Chapter 7
Section 7.1 (page 476)
1. system, equations 3. substitution
5. Break-even point
7. (@) No (b) No (¢c) No (d) Yes
9. (a) No (b) Yes (¢c) No (d) No
11. (2,2) 13. (2,6),(—1,3)
15. (0,2). (V3.2 - 3V3). (- V3.2 +3V3)  17. (4.4)
19.6.5 21.(L3) 231 25 (29
27. No solution 29. $4000 at 4%, $14,000 at 6%
31. $3500 at 7.6%, $14,500 at 8.8% 33. (—=2,0),(3,5)
35. No real solution 37. (0,0),(1,1),(—1,—1)
39. (4,3) 41 (3.3)  43. No real solution
45. (3,6),(—3,0) 47. (4, —0.5) 49. (8,3),(3,—2)
51. (+1.540, 2. 372) 53. (0, 1) 55. (2.318,2.841)

57.
63.
69.
75.

79.

59. (0, —13), (x12,5)
65. No real solution

61. (1,2)

UM

(
(
(*
(2.25,5.5)
(=2
(

). G

0287 1751)  71.(0,1),(1,0)  73. (-4, —%
,500,000 77- 15,000
c C
R R
0 400 0
0 0

5,000

192 units; $1,910,400
6mx 9m

3133 units; $10,308
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A116 Answers to Odd-Numbered Exercises and Tests

81. (@ Week | Animated | Horror (© °= () (7.06, 6332.15)
1 336 42 74
2 312 60
0 16
3 288 78 00
(7.06, 6332.15)
4 264 96 (e) At one point in 2007, the populations of Arizona and
5 240 114 Indiana were equal.
91. False. You can solve for either variable before back-substituting.
6 216 132 93. For a linear system, the result will be a contradictory
7 192 150 equation such as 0 = N, where N is a nonzero real number.
For a nonlinear system, there may be an equation with
8 168 168 imaginary roots.
9 144 136 95. (@) [3x+y=3 () [3x+y=4 (c) |6x+3y=9
3x+y=5 2x +y =2 2x+ y=3
10 120 204 97. (a) 300
11 96 222
12 72 240 ;
-5 5 -3 5
(b)and (¢) x =8 (d) The answers are the same. —2

(e) During week 8 the same number of animated and horror

films were rented (b) There are three points of intersection when b is even.

83. (a) C = 9.45x + 16,000 99.y=—x+73 10Ly=3 103.y=jx-q
R = 55.95x 105. Domain: All real numbers x except x = 6
(b) 344 units Asymptotes: y = 0, x = 6
30,000 107. Domain: All real numbers x except x = +4
R Asymptotes: y = 1, x = =4
c 109. Domain: All real numbers x

Asymptote: y = 0

% o Section 7.2 (page 485)
85. 8mi x 12 mi 1. method, elimination 3. Inconsistent 5. Yes
87. (a) x + y = 20,000 7. (2, 1) 9. (1,-1)
0.055x + 0.075y = 1300 —
(b) 22000 iyl
-6 6
0 = 25,000 Y 3ix+2y= ]
(c) $10,000. The solution is (10,000, 10,000). 11. Inconsistent
8. (@) t | Year | Arizona | Indiana (6) 2008 [-2x+2y= ﬂ . \X_*{:

0 | 2000 5118 6080

-6

1 | 2001 | 5289.9 6115.7

2 | 2002 | 5461.8 6151.4 4
1 12 18
3 | 2003 | 5633.7 | 6187.1 13.(2) 1534 17.(4, -1 19 (2%
21. Inconsistent 23. b; One solution, consistent
4 | 2004 | 58056 6222.8 24. a; Infinitely many solutions, consistent
5 | 2005 59775 6258.5 25. ¢; One solution, consistent
26. d; No solutions, inconsistent 27. (%, —%)
6 | 2006 | 61494 6294.2 29. Inconsistent 31. All pointson 6x + 8y — 1 =0
37. All points on 5x — 6y — 3 =0 39. (101, 96)
8 | 2008 | 6493.2 6365.6 41. (%, —%) 43. (- 1,1) 45. (1%)
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47.

51.

5S.

59.

61.
69.

73.
77.
79.

81.
85.
89.

91.

93.

6 49. 6
-5 / 13 -9 // 9
-6 -6
Consistent; (5, 2) Inconsistent
4 53. ¢
-6 / 6 ||
0 9
4 3
Consistent; all points (3.833,7)
on8x — 14y =5
10 57- 1
2] .
-3 =] ] 15
-2 -3
(6,5) (1, —0.667)
10
fm—
-12 I 6
-2
(=4,5)
49 33
@. 1) 63 (2. —1) 65 (6,-3 67 (2%
{3x+;y= 4 71.{2x+2y= 11
x+3y=24 x—4y=-7
(240, 404) 75. (2,000,000, 100)
Plane: 550 mi/hr; wind: 50 mi/hr

(a) ]5.00A + 3.50C = 5087.50
[ A+ C = 1175
(b) A = 650, C = 525; Answers will vary.
(c) A =0650,C = 525
9 oranges, 7 grapefruit 83. 185 movies, 125 video games
y=097x + 2.1 87. y = —2.5x + 5.54
(a)and (b) y = 14x + 19
(c)

/

0 I———————"I3
0

(d) 41.4 bushels per acre

True. A linear system can have only one solution, no
solution, or infinitely many solutions.

False. Sometimes you will be able to get only a close
approximation.

95.(a)[x+y=10 (b){x+ y= 4

x+y=20 3x + 3y =12

97. u=1,v= —tanx

99. x < —% 101. -2 <x< 18
2 ¢ )«
3 . ) -2 0 2 4 6 81012141618

1.
1+ t t
-0 -9 -8 -7 -6 -5

X

Answers to Odd-Numbered Exercises and Tests

A117

103. -5 <x<2 105. In 6x
3
e CY
—¢ 3}
-6-5-4-3-2-1 0 1 2 3 4

107. lo 12 109 lnxi2 111. Answers will var:

F 08Ty x4 2 ) Y-

Section 7.3 (page 499)

1. row-echelon 3. Gaussian 5. three-dimensional

7. Independent 9. (@) No (b) Yes (c) No (d) No

11. (@) No (b) No (¢) Yes (d) No

13.(2,-2,2)  15.(3,10,2) 17. (1,7, 11)

19. ((x—2y+3z=5

y—2z=9
2x —3z=0
It removed the x-term from Equation 2.

21. (1,2,3) 23. (—4,8,5) 25. (2,-3,-2)

27. Inconsistent  29. (1, -3,1) 3L (—a+3,a+ 1,q)

33. Inconsistent 35. Inconsistent 37. (—1,1,0)

39. (2a,21a — 1,8a) 4L (—3a +3 —~2a+ 1,q)

43. (x+y+ z= 1 45. x+ y+2z=-10
2x+y+ z= —x+ 12y + 8z = —14
x+y—3z=-7 x+ 14y —4z= —6

47. : 49. :
(6,0,0),(0,4,0), (2,0,0),(0,4,0),
(0,0,3),(4,0,1) (0,0,4),(0,2,2)

A B A B C

51~ + 53.=+ 5+
x x— 14 3 x x> x—10
A B C 1 1 1

55. + 57. - —

x—=5 (x-=5?* (x-5)3 2<x—l x+1>
1 1 3 2

e T ey
3 1 5 3 01 1

63. —— — 65. — — — +
x x+2 x-2 x x> x+1

67. 2x — 7 + 17 !

x+2 x+1
6 4 1
69. x +3 + + +
* =1 -1 x-1)p

71. 3_2

x x—4

The vertical asymptotes are the same.
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A118 Answers to Odd-Numbered Exercises and Tests

73. s = — 1612 + 144 75. s = — 161> — 321 + 400 10 -2 : 2
77,y = 3x2 — 2 79. y =x>—6x+ 8 15. 15 =3 4 : 0l 3x4
81. x>+ y2—10x=0 83 x2+y2+6x—8 =0 12 1 0 : 6
85. $300,000 at 8%, $400,000 at 9%, and $75,000 at 10% 7 —5 1 13
87. 187,500 + s in certificates of deposit 17. 19 0 -8 1 0} 2x4
187,500 — s in municipal bonds j - ’21 or 4 12y 43 — 0
125,000 — s in blue-chip stocks 19. [3x +4dy =9 S w2y A3z =
s in growth stocks x— y=-3 —2x+ 18y +5z = 10
89. 13 two-point baskets, 6 three-point baskets, 9 free throws x+ Ty —8 = —4
9. I,=1,1,=2,1, =1 23. Add —3 times R, to R,. 25. Interchange R, and R,.
93.y=—;jx2—%x+% 95. y = x> —x »7 [1 4 3]
97. (a) | 900a + 30b + ¢ = 55 " Lo 2 —1
1600a + 40b + ¢ = 105 1 1 4 —1 1 1 4 —1
2500a + 50b + ¢ = 188 29. |0 5 _2 6l.10 1 _% g
— 2
(b) 50 (c) 453 ft 3 . 6 3 0 . 6
L @i L i D
3L @ D [6 : —28] ) [0 -4 - 16]
J i [3 0 —6] - [1 0 72]
ol—cm 6o 0 1 4 0 1 4
2000 2000 (b) x=—-2,y=4 (c) Answers will vary.
9. (@) 7 —4x 11 — 7x O=x=l 33. i) [rowsCTAT. 2. 10+0(6] ii) rour 2 TET T2
(b) ;e -6 e -6
200 2000 (& -4 -z81) @ -4 -161)
7 —4x
/b)// 2000 .
11-7x 1ii) :TST<-1/4.U:1‘2> iv) Trou(l/S-lDl-l)*
0 ——————"1" [z e -6l [y a -2
0 @141]) @141])
101. False. The leading coefficients are not all 1.
103. The student did not work the problem correctly. Because
241 35. Reduced row-echelon form 37. Not in row-echelon form
T (x 0 is an improper fraction, the student should have 39. Not in row-echelon form
divided before decomposing. 1 3 % 5 1 -1 —1 1
105. No. There are two arithmetic errors. The 'cc?nstant ip the 41. o 1 I% 0 4. 1o 1 6 3
second equation should be — 11 and the coefficient of z in the 3 0 0 0 0
third equation should be 2. :O 0 I =7
107. x =5,y =5,A= —5 0 0 1 _3 8
109. (a) —4,0,3 111. (a) —4, —3,3 4.0 1 0 47. 2 10
(b) (b) LO 0 1 7 7
y y 49.{ 2y= 4 51 [x—y+22= 4
y=-3 y— z= 2
(=2, -3) 7= -2
(8,0,-2)

53. (7, —5) 55. (—4,—8,2) 57. (3,2)

59. Inconsistent 61. (3,—2,5,0) 63. (4,—3,2)
65. 2a + 1,3a + 2, a) 67. (7, -3, 4)

69. (0,2 — 4a,a) 71. (—5a, a, 3)

73. Yes; (—1,1, —3) 75. No 77. y=x2+2x+5
79. y=2x*—x+1 81. f(x) = —9x®> — 5x + 11

83. flx) = x* — 2x* — 4x + 1 85. I, =2 L, =51, =

87. [x + 5y + 10z + 20w = 95

113. g + nm 115. Answers will vary.

Section 7.4 (page 513)

1. matrix 3. Gauss-Jordan elimination 5. No x+ y+ z+ w= 26

7.1><42 39.3‘><15 11. 2 x 2 y — 4z = 0

13.[ ) ] 2% 3 x =2y =1
-1 3 P12

15 $1 bills, 8 $5 bills, 2 $10 bills, 1 $20 bill
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89.

8x2 _ 2 6 n 4
x—Dx+1) x+1 (x—1)2

x—1

91. (a) y = —0.012 + 3.08¢ + 47.7
(b) & (c) 2010: $77.50,
2015: $91.65,
2020: $105.30
(d) Answers will vary.
0 10
60
93. (a) x; = 5,x, = t,x3 = 600 — s,
X, =5 —t,xs =500 —t,xg =5,x;, =1t

95.
97.

99.
101.

(b) x, =0,x, =0,x;3 = 600, x, = 0, x5 = 500,
X =0,x;,=0

(¢) x; =500, x, = 100, x; = 100, x, = 400,
x5 = 400, x, = 500, x; = 100

True. See Example 7.
x+ y+ Tz=-1
x+2y+11z= 0
2x + y+ 10z = =3

(Answer is not unique.)
Noj; Answers will vary.
" 103. ’

T 16

4

|
[
1
1
! 12+
1
I
1
1

Asymptotes: Asymptotes:
x=—-1y=0 x=4y=x+2
Section 7.5 (page 527)
1. equal 3. zero, O
Sc(@ii (b)i (eiv (v (e)il
7. No, not in general. 9. x=5y=-8

11.

x=—-1y=42z=6

8 —1 2 -3
13 @ 7] ®) [5 —5]
15 —6 9 -8
© 1 3] @ [13 —9]
[ 9 5 7 =7
5. | 1 -2 ®»] 3 8
-3 15 -5 -5
[ 24 -3 22 -15
©l 6 9 @| 8 19
—12 15 —14 -5
5 5 -2 4 4
7@l 5 19 o -4 —7]
35 0 2 4
®1; ¢ -4 2 7]
12 15 -3 9 12
©13 6 -6 -3 o0
0 15 -1 7 12
D15 —10 —10 3 14]

T > x ,
12 -8 -4 ! 12 4+,
1 7’
41 2
1 // x
-8 8 8 12
p
—if A
I}

Answers to Odd-Numbered Exercises and Tests
19. (a) Not possible
21.

25.

29.

35.

39.
41.

43.

45.

47.

51.

5S.
57.

59.

61.

63.

65.

67.

69.

71.

A119

(b) Not possible

18 0 9 .

(c) [73 12 0} (d) Not possible

-8 —7 —24 -4 12

|15 —1] 23. [—12 32 12]

[—17.143  2.143 Tasal —3739
U571 10986 27. | —4252 —13.249

: ' 9713  —0.362

(-6 -9 3003

~1 0 3. -1 o0 33. Not possible
17 —10 o131

- 2 2

[—2 51 1 0 0

-8 33 3.0 1 0

| 0 27 o o I

[—15 -5 —25 —45]

| —18 —6 —30 —54
015 ) 9 6

@ |6 12] ®) [ 31 14} © [12 12]
[0 —10 0 —10 8 —6

@ 10 0] ®) [10 o] © [6 8]
77 14

(a) 8 8 16 (b) [13]  (c) Not possible
-1 -1 -2

70 —17 73 151 25 48

32 11 6 49. |516 279 387

16 —38 70 47 —20 87

5 8 -4 10
[—4 —16] 53. [ 3 14]

(a)
(a)

(a)

(a)

(a)

(a)

(a)

(a)

(a)

No (b) Yes (¢c) No (d) No
No (b) Yes (c) No (d) No
[—1 x| _[4 4
2 1][x2] B [O] ®) [8]
[—2 =3][x, ] [ —4 -7
6 1][x2] B [—36] (b)[ 6]
1 -2 3] [ 9 1
-1 3 —1|[x|=|—-6 ) | —1
| 2 -5 Six] |17 2
1 =5  2]x] [-20 -1
-3 I —1f[x|= 8 (b) 3
| 0 -2 S5|lx] | —16 -2
7 -2 5] 7 -2 5
-6 13 -8 ®d) |—-6 13 -8
| 16 11 =3 L 16 11 -3
The answers are the same.
26 11 0 26 11 0
11 20 -3 () |11 20 -3
L1114 0 11 14 0
The answers are the same.
25 =34 28 25 —34 28
—-53 34 -7 () | =53 34 -7
|—76 30 21 =76 30 21

The answers are the same.
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A120

73.

71.
79.

83.

87.

89.

91.
93.

95.
101.

107.

109.

111.

—6 0
3 0

Not possible, undefined
(a) and (b) [_6 12 _12] 81. [_4 0]

(a) and (b) B ] 75. Not possible, undefined

6 6 0 g8 2
[84 60 30] 5 [90 108 54 36]
42 120 84 “ 126 144 180 72
[$1037.50  $1400.00 $1012.50]

The entries represent the total profits made at the three outlets.

[$23.20 $20.50
$38.20 $33.80
576,90 $68.50

[0.40 0.15 0.15
028 0.53 0.17
1032 032 0.68

True. To add two matrices, you add corresponding entries.

The entries represent labor costs at
the two plants for the three boat
sizes.

P’ represents the proportion of
changes in party affiliations after
two elections.

Not possible 97. Not possible 99. 2 x2
2x3 103 and 105. Answers will vary.
2 3
AC = BC = A#*B
C C [2 3], *
-1 0 —i 0 1 0
2 — 3 = 4=
@ 4 [ 0 —1]’A [ 0 —i]’ A [0 1]
The entries on the main diagonal are i in A2, i®in A3,
and i*in A%
1 0
2 =
or=|y
B? is the identity matrix.
0 2 3
(a)A:[g (2)},3:0 0 4
0 0 0

(Answers are not unique.)
(b) A% and B3 are zero matrices.

0 2 3 4

0o 0 5 6
©@A=lg 0o o 7
0O 0 0 0

A% is the zero matrix.
(d) A" is the zero matrix.

64
113. In———
VT3
Section 7.6 (page 538)
1. inverse 3. No 5-9. Answers will vary.
[1
2 0 -3 2
11. |2 1 13.[ ] 15. Does not exist
0 3 =2 1
11 =1 10 0
3 1
17. | -3 2 -1 19. | —% i 0
3 -3 2 7 _1 1
- - 20 4 5
B ~12 -5 -9
2. | 5 -1 -3 23.| -4 -2 —4
—1 1 1 -8 —4 -6

Answers to Odd-Numbered Exercises and Tests

25.

29.

35.
43.
47.
51.
5S.
57.

59.

61.
63.

65.

67.
71.

s[ 0 2 g Y g
11 _zz 1; 1; 0 0 1 o
IR o 1 0 2
1 1 5 3
4 8 1] 16 15 B 13
A
1 5 _ 1 2
[—4 —s] ML—4 70 non
k=0 37. (5,0) 39. (-8, —6) 41. (3,8, —11)
(2,1,0,0) 45. (2, -2)
Not possible, because A is not invertible. 49. (—4,—-38)
(—1,3,2)  53. (0.3125¢ + 0.8125, 1.1875¢ + 0.6875, 1)
(5.0, -2,3)

$7000 in AAA-rated bonds, $1000 in A-rated bonds, and
$2000 in B-rated bonds

$9000 in AAA-rated bonds, $1000 in A-rated bonds, and
$2000 in B-rated bonds

I, = %ampere, I, = 3 amperes, [; = 3.5 amperes

100 bags for seedlings, 100 bags for general potting, 100 bags
for hardwood plants

(@) (2.5 + 41 + 2i = 300
—r+2+42i= 0
r L+ =120
25 4 2][r] [300

® -1 2 2|i[=] o
11 1| 120

(c) 80 roses, 10 lilies, 30 irises
True, AA~! =1 = A7 'A.
(a) Answers will vary.

69. Answers will vary.

a0 0 0 ... 0

o - 0 0 ... 0
22

0 ... 0

by A71=|0 0

e12/7
73. In3 = 1.099  175. ~ 1.851
77. Answers will vary.
Section 7.7 (page 545)
1. determinant 3. -5 5. 4 7. 16
9. 28 11. —24 13. —0.002
15. (a) M|, = —5.M,, =2, M,, =4, M,, =3
(b) C;,=—-5C,=-2,C,=—-4C,,=3
17. (a) M|, = 10, M, = —43, M, = 2, M,, = —30,
M,, =17, M,y = —6, M5, = 54, M5, = —53,
My, = —34
(b) C,,=10,C,, =43,C;3=2,C,, =30,Cyp, = 17,
Cyy=06,C5 =54,Cy, = 53,C55= —34
19. (a) =75 (b) =75 21. (a) 170  (b) 170
23. —58 25. 0 27. -9 29. —168
31. 412 33. —336 35. 410
37. (&) =3 (b) —2
-2 0
(c) [ 0 73} (d) 6; |AB| = |A]| - |B|
39. (a2 (b) —6
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1 4 3
©[-1 0 3 = || - |B]
. 0 2 0
41. (a) —25 (b) —220
[-7 —16 —1 -28
-4 —14 —11 8
Ol 4 4 = [l - 8]
-2 3 2 2
43-47. Answers will vary.  49. x =+2 51, x = +3
53.x=1+/2 55.x=-4-1 57.x=1,%
59. x=3 61. Suv — 1 63. &> 65. 1 —Inx
67. True. Expansion by cofactors on a row of zeros is zero.

69. Answers will vary. Sample answer:

71.

73.

75.

77.

79.

1 0 -3 3 1 5
A=16 =2 7, B=|-8 1 0
9 5 -1 -7 6 —2
|A + B| = —328, = —404
1 1
(@) 6 (b) [? T] () g (d) They are reciprocals.
3 6
-4 =5 15
@2 @G |[-1 -1 05
-1 -1 0
(c) % (d) They are reciprocals.
(a) Columns 2 and 3 are interchanged.

(b) Rows 1 and 3 are interchanged.

(a) 3 is factored from the second row.

(b) 2 and 4 are factored from the first and second columns,
respectively.

(@ 15 () =75 (¢) —120

The determinant of a triangular matrix is the product of the

numbers along the main diagonal.

81. Answers will vary. 8. x—2)x—1)
85. 2y — 3>  87. (2, —4)
Section 7.8 (page 556)

1. Cramer’s Rule 3. —% 5. % 7. LSS 9. 24
1. x=0,-% 13. Collinear 15. Not collinear
17. x =3 19. (=3, -2) 21. Not possible
23. (—1,3,2)  25. (a)and (b) (0, —1,%)

27. (a) y = —1.0867* + 15.949r + 25.326
(b) w0 The model fits
the data well.
0 12
30
20. ) [20 5 24L[20 0 13L[5 o0 1],

31.
33.
35.
37.
39.

[20 0 23],[15 18 11]
(b) —119 28 67 =58 6 39 —1 =3 3
—118 26 69 —33 7 15
1 —43 —108 4991 91 1 —29 —73 33 42 157 14 14
HAPPY NEW YEAR
IF YOU CANT BE KIND BE VAGUE
True. Cramer’s Rule divides by the determinant.
Answers will vary. 41. x +4y—-19=0

Answers to Odd-Numbered Exercises and Tests

A121

43. 2~ Ty —27=0
Review Exercises (page 560)
L) 3(2s) 50250625 754
9. (0,0),(2,8),(~2,8) 11 (2,—0.5)
13. (0,0), (4, —4)  15. (—1,2),(0.67.2.56)  17. (4,4)
19. 800 plants  21. 96m x 144m  23. (3,3)
25. (05,08 27.(-1%)  29.(0,0)
31. (% + %a, a)
33. 2 3s. 6
—4 8
-7 / 1"
-6 -6

37.

39.
43.
47.
51.
53.

5S.

59.

63.
65.

69.

73.

77.

81.
87.
93.
99.

Consistent; (1.6, —2.4)

1

Inconsistent

e

-1 / 7

-1

Consistent; (—4.6, —8.6)

(5007000, 139 41, 218.75 mi/h; 193.75 mi/h
38 40 _ 63

2. -4.-5 45 (3.99.-%

(3a+42a+5a) 49. (-2 12}

(

3,a)

a—4,a —

4

2,0),(4,0,0), (1, —1,2)

3 4 57 l( 3 x- 3)

x+2 x+4 2\x -1 x22+1

2x — 1 —1 s _

271 172 6l. y=2x>+x—5

4 par-3 holes, 10 par-4 holes, 4 par-5 holes

3x1 67. 1 x 1
. 8 -7 4 P12

[_g *; _11] 7.3 -5 2 i 20
’ 5 3 -3 i26

1 1 1
Sx+ y+7z=-9 75. |0 1 2
4x + 2y = 10 0 0 1

Ox + 4y +2z= 3

1 0
(1) :i] 79. |10 1 ]

0 0
(10, —12)  83. (—02,0.7)  85. (, —11)
Ba+1,—a,a)  89. (2,-3,3) 1. (1,2,3)
(1,2,2) 95 (3,0,—4) 97. (2, 6 - 10, —3)
x=12,y=-7 10 x=1,y = 11
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A122

103.

105.

107.

111.

115. §

119.

125.

127.

131.

135.

141.
147.
155.

157.

159.
169.
177.
183.
187.

17 —17 -3 2
@13 2] ®) [—12 é]

(14 6 37 —57
© 15 10] O [41 —4]

6 —5 6
® (9 -9 -4

1 3 2
12 0 14 6 15 10
(c) |10 -2 4 @ (-7 23 20
6 4 6 9 -1 6

—13 -8 18 9 —7
[ 0 11 —19] 109. [—9 4]
48 —18 —3 -8 -4
| | 113. 7 —17
5 51 33 17

6 2 4 -2 8
117. |14 —-10 40
10 0 36 —12 48

14 =22 22 s [ | 17]
L1236

&~ o0 o

6
(a) |1 7
5

[30] 121. |19 —41 80

42 —66 66

525.88 47.40
(a) | 734.94 66.20
861.76  77.20

The entries represent the dairy mart’s sales and profits on
milk for Friday, Saturday, and Sunday.

(b) $190.80 4 —s

Answers will vary. 129. [ s _ 6]

133.

S pI= D=
WY Wi —
|
W= N =

r

c“‘ D=
G- o
[

1
0
1 1

(36,11)  143. (2, -1, —2)
(=3,1)  149. (1,1,-2) 151 —42  153. 550
@ My, =4M,=7,My =—1,M,, =2
) C,,=4Ch=-7,C,=1,Cp=2
(@) My, = 30,M,, = —12, M5 = —21, M,, = 20,
My, =19, My, = 22, My, = 5, My, = —2,
My, =19
(b) C;, =30,Cp, = 12,Cp5 = —21,C,, = —20,
Cp =19,Cpy = —22,C; =5,C5, =2,Cy; = 19
161. 6  163. —3  165.279  167. 16
175 171. % 173.48  175. Collinear
(1,2 179. 4,7) 181 (—1,4,5)
(0, —2.4,-26)  185. (a)and (b) (3, -1 &)
(@) [12 15 15],[11 0 15],[21 20 0],
[2 5 12],[15 23 0]
(b) =21 6 0 —68 8 45 102 —42 —60 —53
20 21 99 —30 —69

137. ;

o O
I
W = N
|
1
—
|
—_
—_—

_1 1

2 4

139. { T ]
20 40

145. (1, -2, 1,0)

130

Answers to Odd-Numbered Exercises and Tests

189.
193.

195.
197.

Chapter Test

1.
3.

6.
8.
10.

12.

13.

16.
18.

IWILL BE BACK  191. THAT IS MY FINAL ANSWER
(@) y = 0.275¢ + 16.2
(b) 35

T

0 I—————————=150
0

(¢c)and (d) r = 13.8 or 2013
True. This is the correct sum of the two determinants.
An n x n matrix A has an inverse A~! if det(A) # 0.

(page 566)

4, -2) 2. (0,—1),(1,0),(2,1)
85.2-1) 4G -% 5(-3-31)
(1,0,-2) 7.y=—ix2+x+6
S5 3 9 1,2 __1
x—1 (x—1)7? x o2 241
(=2a + 1.5,2a + 1,a) 11. (5,2, —6)
1 0 4 15 12 12
@|-7 -6 —1| ®|-12-12 0
0 4 0 36 0
7 6 12 36 20 4
© |-18 —16 —2| @ |-28 -24 -4
| 1 10 0 10 8 2
==
-3 =% 1 (-2,3,-1) 14.67 15 -2
;030
30 17, (1,-3)
x, =700 —s —t,x, =300 — 5 — ¢,

X3 =s8,x, =100 — t,x5 =1

Chapter 8

Section 8.1

1.
S.
7.
11.
17.
19.

21.
23.
25.
27.
29.

31.
37.

43.

49.

(page 577)

terms 3. index, upper limit, lower limit
(a) Finite sequence

7,9, 11, 13, 15
11 1 1 1
2% "% xn 132,333,515

(@ 0,1,0,05,0 (b) 0,1,0,2, 0
(a) 0.5,0.75,0.875,0.938,0.969  (b) 3,5 2, 10 %
1

1 1 1
(b) I’W’ 323 PR

(b) Infinite sequence

9. 3,9,27,81, 243
3456

(a) 1,0.354,0.192, 0.125, 0.089

(a) —1,0.25, —0.111, 0.063, —0.04
() — 1,1, — 8 16, —35
(a) and (b) 3, 15, 35, 63, 99

9,15, 21, 27, 33, 39, 45, 51, 57, 63
579 1113 15 17 19 21

3,2,3,4, 5567 7> 8> 9510

0,2,0,2,0,2,0,2,0,2 33.1% 35 73
8 394 =31-2 4l.ag =n>-1

+ — 1y t+1
o ="t s, STy L
" oon+2 " 2n " n
a,=-7  Sloa,= (1) +20) = (1) +2
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53.
57.

61.

63.
65.
67.

69.

77.
81.

85S.

87.
97.

103.

107.

111.

117.
121.

123.
127.

129.
131.

133. x

137. —

139.

141.

143.

28,24,20,16,12  55. 3,4,6, 10,18
1,3,4,7,11  59.6,8,10,12, 14;a, = 2n + 4
243

371

(@ 1,1,0.5,0.167,0.042  (b) 1,1,5. ¢ %

(a) 1,0.333,0.4,0.857,2.667 (b) 1,3,3,%%
@ 1,0.5,0.042, 0001, 2480 x 1075

L
(®) 1.3, 2. 730- 30,320

1 1

— . . + - T A N
2 71. 495 73. n 1 75 2 + 1)
c 78. b 79. d 80. a

8 83. 20

81,27,9.3, l;a, =

0 ] 11

35 89. 40
30 99. 81

91.30 93.%2 95 238
101. &

5 e 3[4 ]—33

9

P

;) 20 (— t+1

2 ~ 0.821
5

=~ (0.94299
1)iT137 = —546 109. E

20 —1 5
113. 6 115. —

EW~20156

@ 35 ® 3 119 @ 00 )5

(a) A, = $5037.50, A, = $5075.28,
A, = $5113.35, A, = $5151.70,
As = $5190.33, A, = $5229.26,
A, = $5268.48, A, = $5307.99

(b) $6741.74

$72,443 million

1,1,2,3,5,8,13, 21, 34, 55, 89, 144;
358 13 21 34 55 89

12235? 8 13> 21> 34> 55
1,1,2,3,5

T aree
n+1 2 n 2y,+1
S T
n+2 2 n 2n+1
x2 x3 x* xS
276724120
2t a0 x
2°24° 7207 40,320’
2 5

NSRRN)

J5)"
J5)"

B 0
35 79 1

8 10

_x
3,628,800

SR SN
27 624 120

x+1)2 x+1° (x+D* (x+1)0
2 6 24 120

111 1 11 1

FI224°4060°2  2n+2

—Xx,

x+1, -

125. True by the Properties of Sums

Answers to Odd-Numbered Exercises and Tests

"6 122030422 n+2

147. Yes, if there is a finite number of integer terms, you can

always find a sum.

F 8 1 -22 -7
149. (a) 3 7] (b) [ 3 _18]
(18 9 6
© 14 o] ) [27 18]
(-3 -7 4 8 17 —14
151. @ | 4 4 1 ® |-12 =13 -9
|1 4 3 -3 —15 —10
(-2 7 —16 16 31 42
© | 4 42 45 d |10 47 31
| 1 23 48 13 22 25

Section 8.2 (page 586)
a,=a, +(n—1)d

®w o=

consecutive terms are the same.

. Arithmetic sequence, d = —2

. Arithmetic sequence, d = —%

N= )|

. Arithmetic sequence, d = 0.6
11. 21, 34, 47, 60, 73
Arithmetic sequence, d = 13
13 L1111
23456
Not an arithmetic sequence
15. 143, 136, 129, 122, 115
Arithmetic sequence, d = —7
17. 1,5, 1,5, 1
Not an arithmetic sequence
19. —1,1,—-1,1, -1
Not an arithmetic sequence
21. a,= =2+ 3n 23. a, = 108 — 8n
25.a=%—%n 27.an=13*0n+§

29. a, =103 — 3n 31. 5,11,17,23,29

n

33. —10, —22, —34, —46, —58  35. —2,2,6, 10, 14
37. 22.45,20.725, 19, 17.275, 15.55
39. 15,19,23,27,31:d = 4;a, = 11 + 4n
T e
43.59  45. 186
47. 10 49. 24
0 1
] 11
0 -2.0

51. —1,3,7,11, 15,19, 23, 27,31, 35

A123

A sequence is arithmetic when the differences between

53. 19.25, 18.5, 17.75, 17, 16.25, 15.5, 14.75, 14, 13.25, 12.5

55. 1.55,1.6,1.65,1.7,1.75, 1.8, 1.85, 1.9, 1.95, 2

57. 110 59. =25 61. 5050 63. —4585
65. 620 67. 41 69. 4000 71. 1275
73. 355 75. 129,250 77. 440 79. 2575
81. 14,268 83. 405 bricks 85. $200,000

87. (a) a, = 0.84n + 149
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A124 Answers to Odd-Numbered Exercises and Tests

® o 2001 1 2002 T 2003 2008 55.511  57.43 7 59. 29,921.31 761. 6.4
— 63. 200260  65. Y5301 67. Yo(-1)
S;‘lgslf“‘ billions | 157 | 166 | 17.4 | 183 =1 =t
of dollars) 69. 50 712
. — 7
— 2005 | 2006 | 2007 | 2008 73. Series does not have a finite sum because M > 1.

1000 30 9 4 113
75. %o 77. — 1 79. 27 81.; 83. i 85 45

Sales (in billions

19.1 199 | 208 | 21.6 87. Geometric; r = 2; 262,136 89. Geometric; r = %; 135
of dollars) 91. Arithmetic; d = 6;720  93. Geometric; r = 0.8; 28.944
The model fits the data well. 95. (a) $1343.92 (b) $1346.86 (c) $1348.35
(c) $149.5 billion  (d) $203.2 billion; Answers will vary. (d) $1349.35  (e) $1349.84
89. True. Use the recursion formula, a,. ., =a, + d. 97. Answers will vary. 99. (a) $26,198.27 (b) $26,263.88
91. x, 3x, 5x, 7x, 9x, 11x, 13x, 15x, 17x, 19x 101. (a) $153,237.86 (b) $153,657.02 103. 126 in.?
93. 4 95. S, + 5n 105. (a) T, = 70(0.8)"  (b) 18.4°F; 4.8°F
97. Answers will vary. Sample answer: Gauss saw that the sum © =

of the first and last numbers was 101, the sum of the second
and second-last numbers was 101, and so on. Seeing that
there were 50 such pairs of numbers, Gauss simply
multiplied 50 by 101 to get the summation 5050. 0 114

0

a,=(n+ 1)(%), where 1 is the total number of natural numbers. 35h
107. (a) a, = 1269.10(1.006)"
(b) The population is growing at a rate of 0.6% per year.
(c) 1388.2 million. This value is close to the prediction.

Section 8.3 (page 595) (d) 2010
109. 42 ft 111. True. The terms all equal a,.

99. 20,100 101. 2601
103. (1,5, —1) 105. Answers will vary.

1. geometric, common 3. geometric series 5. |r| < 1 r 32 300 3t
7. Geometric sequence, r = 3 | 9. Not a geometric sequence 113. 3, 48 16 115. 1008~
11. Geometr}c sequence, r = —3 117. () o8 (b) 1
13. Geometric sequence, r = 2 L
15. Not a geometric sequence 17. 6, 18, 54, 162, 486 il =
19. Lyigts 2L 5 =336 20 000 -’ P 24
23. e et ed et 25.64,32,16,8,4;r =5 a, = 64(3)"
27.9,18,36,72,144; r = 2; a, = 9(2)""! - -
29. 6, —9, %’ _%1’ 223; ;= _%; a, = 6(—%)"_1 Horizl(;ntal asymptote: Hori?())ntal asymptote:
31. (2) 0000034 (b) 59’%49 33. (a) 44949 (B) %27918 )éorresponds to the sum }()Jorresponds to the sum of
35. (a) and (b) —243 37. (a) and (b) —646.803 of the series the series.
39. a,=1703)""45927 41 a, = 5(6)""'; 50,388,480 119. Divide the second term by the first to obtain the common
43. 35 45— ratio. The nth term is the first term times the common ratio
47, 14 49, 24 raised to the (n — 1)th power.
121. 45.65 mi/h 123. —102 125. Answers will vary.
 e— Section 8.4 (page 604)
O] 11 n
-1 0 1. ,C or ( ) 3. Binomial Theorem, Pascal’s Triangle
51. 8,4,6,5,5% 53 s "
I B 5. 21 7. 15,504 9. 14 11. 1 13. 210

L 16 15. 4950 17. 749398  19. 1225  21. 31,125

2|2 23. x* + 823 + 24x2 + 32x + 16

3128 25. a3+ 9a® + 27a + 27 27.y3 — 12> + 48y — 64

4130 29. x° + 5x*y + 10x3y? + 10x%y3 + Sxy* + y°

51 31 31. O + 18/ + 1357452 + 540733 + 12151254

6 | 315 + 1458rs> + 7295

' 33. X% = 5xty + 10x%y? — 10x2y3 + Sxy* — y°

7| 3175 35. 1 — 12x + 48x2 — 6423

8 | 31.875 37, x% + 8x0 + 24x* + 32x% + 16

o | 31.9375 39, x10 — 25x% + 250x0 — 1250x* + 3125x% — 3125

41, x® + 4x02 + 6x4y* + 4x2y0 + 8
10| 31.96875 43. x'% — 6xy + 15x1%y2 — 20x%3 + 15x6y% — 6x3y> + y©
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45.

47.

49.
51.
53.
55.
61.
67.
75.
71.
79.
81.
83.
85S.
87.

89.

91.
97.
103.
109.

111.

113.
117.

119.
121.
125.

2 3 4
10{ +@+5L
- X X

1 Sy
x5 * x*
16 32y

+ 5
X y

24y 8y?3

¥ x 2 x +y*

—512x* + 576x3 — 240x> + 44x — 3

2x* — 24x3 + 113x2 — 246x + 207

—4x% — 24x> — 60x* — 83x3 — 42x%2 — 60x + 20
61,440x7 57. 360x3y? 59. 1,259,712x%y7
—4,330,260,000x%y° 63. 1,737,104 65. 180
—489,888 69. 210 71. 35 73. 6

8114 — 21613y + 216t%v2% — 9613 + 16v*

32x5 — 240x*y + 720x3y2 — 1080x2y? + 810xy* — 2435
x5 4+ 10x*y + 40x3y? + 80x2y3 + 80xy* + 32y°

X3/ + 15x + 75/x + 125

X2 — 3x3y13 4 32325 —

3x2+3xh + h%, h # 0

6x° + 15x%h + 20x3h2 + 15x2h3 + 6xh* + h, h # 0

3

at b Vx ! h#0
h Jx+h+ Sx
—4 93. 161 + 240i 95. 2035 + 828i
—115+ 236/  99. —23 +208/3i  101. 1
—é 105. 1.172 107. 510,568.785
4 . g is shifted four units to the
< i left of f.
;A (x) = 3 + 1202 + 44x + 48
8 = = :- T n 4 g\ X X X
!
4
5 p(x) is the expansion of f(x).

T

-3

0.273 115. 0.171
(a) g() = 0.04472 + 1.32¢ + 17.1
(b) 50
8 f
0 lee——o—-l30

0
True. Pascal’s Triangle is made up of binomial coefficients.
False. The correct term is 126,720x%y8. 123. n + 1terms
(a) 52x)*(—3y)' = —240x%y
() C5(5x)%(7y)? = 857.5x%)3

. 1 2

127 and 129. Answers will vary. 131. [_0.5 _0.5]
Section 8.5 (page 613)

1. Fundamental Counting Principle 3. Permutation

5.8 7. 6 9. 11 11. 10 13. 120

15. 1024 17. (a) 900 (b) 648 (c) 180

19. 16,000,000 21. (a) 35,152 (b) 3902

23. (a) 100,000  (b) 20,000 25. (a) 720  (b) 48
27. 24 29. 336 31. 120 33. 27,907,200

35. 197,149,680 37. 120 39. 362,880 41. 11,880
43. 50,653

Answers to Odd-Numbered Exercises and Tests

45.

47.
57.
61.

63.
67.
71.
79.
85.
89.

91 and 93. Answers will vary.

Section 8.6

1.
5.
9.

11.
17.
29.
41.
53.

5S.
57.
61.

65.

67.
69.

71.

73.

A125

ABCD, ABDC, ACBD, ACDB, ADBC, ADCB,
BACD, BADC, CABD, CADB, DABC, DACB,
BCAD, BDAC, CBAD, CDAB, DBAC, DCAB,
BCDA, BDCA, CBDA, CDBA, DBCA, DCBA

420 49. 2520 51. 10 53. 4 55. 1
15,504 59. 850,668
AB, AC, AD, AE, AF, BC, BD, BE, BF, CD, CE, CF, DE, DF,

EF

2.53 x 10" 65. 195,249,054

(a) 17,550 (b) 1053  (c) 27,378 69. 24

462,000 73. 5 75. 20 77. n=5o0rn =206

n =10 81.n=3 8. n=2

False. 87. For some calculators the answer is too large.
.P. represents the number of ways to choose and order

r elements out of a collection of n elements.
95. 35 97. (—2,—98)

(page 622)

sample space 3. mutually exclusive
0=<PE) =<1 7. P(E) =1
{(7,1),(H,2), (H,3), (H,4), (H,5), (H, 6),
(T, 1), (T, 2), (T, 3), (T, 4), (T 5), (T, 6) }
{ABC, ACB, BAC, BCA, CAB, CBA}  13.
& 193 2.2 2.8 254
3.2 33.025 355 37.088
L 435 45 415 49 g
P({Taylor wins}) = %
P({Moore wins}) = P({Perez wins}) = i
(a) 20.22 million  (b) 0.294  (c) 0.866
@ B3 59 @5 b5
0.1024  63. (@) 15655 (b) Togo

5625 (©
(a) %T (b) Answers will vary.

15. %

9

27. 55
39. 7%
2
51 133

o0luw

‘_,;U\\—‘

54
© 55
11,529
15,625

True. The sum of the probabilities of all outcomes must be 1.
(a) As you consider successive people with distinct birthdays,
the probabilities must decrease to take into account the birth
dates already used. Because the birth dates of people are
independent events, multiply the respective probabilities of

distinct birthdays.
by 365, 364 363 362
() 365 * 365 * 365 * 365

(c) Answers will vary.

(d) Q, is the probability that the birthdays are not distinct,
which is equivalent to at least two people having the same
birthday.

© n 10 15 20 23 30 40 50

P, | 088 | 0.75 | 0.59 | 0.49 | 0.29 | 0.11 | 0.03
0,10.12] 025|041 | 051 | 0.71 | 0.89 | 0.97
(f) 23

(a) No.P(A) + P(B) = 0.76 + 0.58 = 1.34 > 1. The sum of
the probabilities is greater than 1, so A and B cannot be
mutually exclusive.

(b) Yes. A”=0.24, B’=042,and A’ + B’ = 0.66 < 1, so
A’ and B’ can be mutually exclusive.

(c) 0.76 = P(AUB) = 1

15 75. 165
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A126 Answers to Odd-Numbered Exercises and Tests

Review Exercises (page 628)
L2818 3, -5 5.4,=-—
* 35529517233 c Yn c tn n— 1
7.9,5.1,-3,-7 9.5 1L (n+ 1)(n)  13. 30
205 20 1 o0k
15. EY) 17. kglz—k ~ 1.799 19. ;l i 7.071
2L @ 55 ()5 23 @ §  (b)2

25. (a) 3015.00, 3030.08, 3045.23, 3060.45, 3075.75, 3091.13,
3106.59, 3122.12
(b) $3662.38
27. Arithmetic sequence, d = —2
29. Arithmetic sequence, d = %
31. 3,7,11, 15,19 33. 1,4,7,10, 13
35. 35,32,29,26,23;d = —3;a, =38 — 3n

37. a, = 103 — 3n; 1600 39. 80 41. 6375

43. (a) $45,000 (b) $202,500

45. Geometric sequence, rr = 2

47. Geometric sequence, 1 = —_% 49. 4, -1, i, —%, 617
51.9,6,4,5 % or9, —6,4, -5 12

53. 120,40, 2,4 %0, = 1.4 = 120(3)" "

55. (a) —% (b) —0.5 57. 127 59. 3277 61. 32
63. 12 65. (a) a, = 130,000(0.7)"  (b) $21,849.10

67. 45 69. 126 71. x* + 20x3 + 150x% + 500x + 625
73. @ — 20a*b +160a°b* — 640ab> + 1280ab* — 1024D°
75. 20 77. 70 79. 10

81. (a) 216 (b) 108 (c) 36 83. 239,500,800

85. 5040 87.n=3 89. 28 91. 479,001,600

93. é 95. (a) 0416 (b) 0.8 (c) 0.074

97. True. (n+2)! _ (n+2)(n+ Dn!

pr ol =m+2)n+1)

99. (a) Each term is obtained by adding the same constant
(common difference) to the preceding term.
(b) Each term is obtained by multiplying the same constant
(common ratio) by the preceding term.

Chapter Test (page 631)
LL=55 ¢ 21216202428
2 o3 x4t xS
3. —x, 2 34 5
X x’ x° !t
* 76 T10 5040 362880 39916800 X
6. . 7.1 8.a =n+1
n+1
9. 4, = 5100 — 100n  10. a, = 4(})"""
12 2 & (1\!
11 ;} i 12 ,;2(Z> 13. 189 14. 28.80

15. 2 16. 16a* — 160a%b + 600a%h> — 1000ab> + 625b*
17. 84 18. 1140  19. 72 20. 328,440

21.n=3  22.26000  23. 12,650 24. 5

25. 35 26. ()5 (D) 3mg (0 &  27.025

Chapter 9

Section 9.1 (page 643)

3. circle, center

5. The standard form of the equation of a circle; (h, k) represents
the center of the circle, r represents the radius of the circle.

7. 2 +y> =16 9. x =32+ (y—72=53

1. x+ 32+ (y+12=7

13. Center: (0, 0)

1. conic section

15. Center: (—2,7)

Radius: 7 Radius: 4
17. Center: (1,0) 19. x> +y2 =4
Radius: /15 Center: (0, 0)
Radius: 2
3
2.2y =
¥t yr=7
Center: (0, 0)
Radius: ?

2. (x— 12+ (y+32=1 25 (x+3+(y-32=1

Center: (1, —3) Center: (—3,3)
Radius: 1 Radius: 1

27. Center: (0, 0) 29. Center: (—2, —2)
Radius: 4 Radius: 3

31. Center: (7, —4) 33. Center: (—1,0)
Radius: 5 Radius: 6

y

14 16 18

|

%
P N S T
"ttt

35. x-intercept: (2, 0)
y-intercepts: (0, -3+ \fS)

37. x-intercepts: (1 + 2.7, 0)
y-intercepts: (0, 9), (0, —3)

39. x-intercepts: (6 + V7, O)
y-intercept: none

41. (a) x> +y>=2704 (b) Yes (c) 2mi

43. ¢ 44. b 45. d 46. 47. a 48. c
49. x2=3y  51.x2= -6y 53.y2= —8

55. x> = —4y 57. y2 = —8x 59. y2 = 9x
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Answers to Odd-Numbered Exercises and Tests A127

61. Vertex: (0, 0) 63. Vertex: (0, 0) 79. (x —3)P2=—-(y—1) 81. y2 = 4(x + 4)
Focus: (0, %) Focus: (—3,0) 83. y2=2(x+2) 85. (y —2)2=—-8(x—5)
Directrix: y = —% Directrix: x = 3 87. x2=8(y — 4) 89. (y —2)?> =8«

y y 91' 5
-6 / 6
3

(2,4)
93. 4x —y—8=0; (2,0) 95 4x—y+2=0;(-30)

97. (a) x> = 12,288y (in feet)  (b) 22.6 ft
65. Vertex: (0, 0) 67. Vertex: (—1, —2) 99. () y?> =6x (b) 2.67in.
Focus: (O, —%) Focus: (=1, —4) 101. (a) y (b) x2 = 51,200
Directrix: y = % Directrix: y =0 19
: : (~640, 152) (640, 152)

©FcTol 200 400 500 600

69. Vertex: (=2, —3) 71. Vertex: (—32,2) y | 0| 14.844 | 59375 | 92.773 | 133.59
Focus: (—4, —3) Focus: (—%, 3)
Directrix: x = 0 Directrix: y = 1 103. y2 = 640x  105. (a) x> = —49(y — 100)  (b) 70 ft
f f 107. y = %x - % 109. y = §x -32

111. False. x2 + (y + 5)> = 25 represents a circle with its center
at (0, —5) and a radius of 5.
113. False. A circle is a conic section.

115. True. The vertex is the closest point to the directrix or focus.
x 117. True. If the axis is horizontal, then the directrix must be
vertical.
119. "

73. Vertex: (1, 1) 75. Vertex: (=2, 1)
Focus: (1,2) Focus: (—2, —%)
Directrix: y =0 Directrix: y = %

The intersection results in a point.

] x
121, y = = /2(x —2) — 1
} } > 123. Minimum: (—0.75, —1.13)
- 2 4

125. Minimum: (0.88, —3.11); maximum: (—0.88, 1.11)
Section 9.2 (page 653)

1. ellipse, foci 3. minor axis 5. Vertical 7. 4
9. b 10. ¢ 11. a 12. d

77. Vertex: (i —%)
Focus: (O, —%
Directrix: x = %

=
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13. Center: (0, 0) Y (x +2)?  (y—3)7
41. + =1
Vertices: (£8, 0) 12: @ 4 9
Foci: (+/55,0) Al (b) Center: (—2,3) ©
- .. /55 z Vertices:
ceentricity: —2= . (=2.6).(—2.0)
N s Foci: (-2,3 + J/3)
:2: Eccentricity: ?
—10+ X
15. Center: (4, —1)
Vertices: (4, 4), (4, —6)
Foci: (4,2), (4, —4)
Eccentricity: 2 ( + %)2 (y - %)2 _
y: 2 43. (a) + =1
4 12
(b) Center: <—%, %)
+
Vertices: (—;, 8 _24\6>
17. Center: (=5, 1) Foci: <—§,§ + 2ﬁ)
Vertices: <—z, 1>, (—Q, l) .. 6
2 2 Eccentricity: 3
V5
Foci: | =5 + — —1)2
oct ( 2 45, (a) =1 F(y+12=1
5 25/16
Eccentricity: 3 (b) Center: (1, —1)
: Vertices:
9 1
T -1}, T -1
2y 2 g2 2y
L+ = et = L=
19 4 16 ! 21 9 5 ! 2 49 24 : Foci: <%, — 1>, (i, — 1)
x2 y? (x—22 (y—3)?
25, ——— +=—==1 27. + =1
400/21 25 1 9 Eccentricity: %
Y _ 92 2 Y
P At U G R VI S 6 e
16 1 308 324 47 (k=3 +12 X
B O (A U O ) S T S
) 9 16 " 16 12 (b) Cent <1 1>
) ) enter: |—, —
3. (@) o+ =1 © y 2
36 4 WA Vertices: (L4 /5. —1
(b) Center: (0, 0) 8+ ertices: 2 ’
Vertices: (£6, 0) i Foci 1 . /51 1
Foci: (+44/2,0) EE kg ve
X / —4+
Eccentricity: 23£ -10-8 ; 6 810 Eccentricity: %
6
—8+ \/5 2\/§ x2 y2 B
~10+ 49. 3 51. 3 53. 23 + 6= 1
9. @5+ 2o i > (+/5,0)
: ) + = (x ;
PR 55 56 taie = 5,0); 6 ft
(b) Center: (0, 0) 2

x?2 y:
59. 32184 11902
63. y

c
Vertices: (0, £7) 1 61. ¢ = P 0.052

Foci: (0,+3./5)
3.5
7

Eccentricity:
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67.
69.

71.

73. 324 308 !
77. Geometric 79. 1093
Section 9.3 (page 665)
1. hyperbola

3.

S.
7.
11.

15.

19.
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True. The ellipse is more elongated when e is close to 1.

Nearly circular because its eccentricity is about 0.055, which

is close to zero.
(a) 2a

(b) The sum of the distances from the two fixed points

is constant.
_ )2 AV
(=62, (=22 _

75. Arithmetic

Ax> + Bxy + Cy>* + Dx + Ey+ F =0

Horizontal: a, d; vertical: b, ¢
10. d
13. Center: (0, 0)

b 8. ¢ 9. a
Center: (0, 0)
Vertices: (%1, 0)
Foci: (i V2, 0)

Asymptotes: y = +x

y

Center: (0, 0)
Vertices: (0, +5)
Foci: (0, +/106)

Asymptotes: y = J_rgx

y

—9’—9/:30 \\6\9 1215

) 79];\
—12+F
—15+

Asymptotes:

[SSENS)

y=-5+=(x—1)

X

Vertices: (0, 1)
Foci: (O,iﬁ)

Asymptotes: y = i%x

N
,®
\\\ e
\\\ z”
R B
= K—+—+—+—>X
-3 -2 _- S~ 2 03
-7 \\
. -
2
3l

. Center: (1, —2)

Vertices:
(3,-2),(—-1,-2)

Foci: (1 + 5, —2)

Asymptotes:
y=—-2= %x -1

y

Answers to Odd-Numbered Exercises and Tests

2 2
20 @y~ =

(b) Center: (0, 0)
Vertices: (+3, 0)

Foci: (i V13, 0)

2
Asymptotes: y = igx

X2 y2
23. (a) ? - E =1
(b) Center: (0, 0)
Vertices: (i V3, 0)
Foci: (i V5, 0)

Asymptotes: y = iTx

25. (a) (x—z)z—(yJ;J: I
(b) Center: (2, —3)

Vertices:
(3,-3),(1,-3)
Foci: (2 + /10, —3)

Asymptotes:
y=—-3+3(x—-2)

27. (a) (x + 12 —=9(y +3)> =

(b) It is a degenerate conic. The graph of this equation is two

lines intersecting at (— 1, —3).

(y+37 G—1?2_
218
(b) Center: (1, —3)
Vertices: (1, -3+ ﬂ)
Foci: (1, -3 +2./5)

29. (a)

1

Asymptotes: y = —3 + %(x - 1)
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31.

35.

39.

47.

Answers to Odd-Numbered Exercises and Tests

y2 x2 x2 y2
r_Xr R A
PR 33 25
1792 1722 —42 2
AL g, A
1024 64 4 2
752 742 2 4 722
(=5 G4 -2
16 9 9 9
(y =22 x*_ (x—22 (y—27?
3. I =1
-3 (-2,
9 4
2 2
X y 1

49.

51.

53.
5S.
61.
65.
71.

73.

81.

85.

98,010,000 13,503,600 -

(a) X2 — (b) 1.89 ft = 22.68 in.

¥ _
27~ !
(125 — 12,0) ~ (14.83,0)

Ellipse 57. Hyperbola 59. Parabola
Circle 63. Parabola
e 66. b 67. f 68. a 69. d 70. ¢
(3,0)
G @) ()
= 75. () — =4 =

5 5 1 5. (%) 1/3 1

8 83. 6
7
-12 \ 12 -9 Y 9
!
-8 -6
0 = 45° 0 = 26.57°

Answers will vary.

y

\V
+—t

A\”

Answers will vary.

4 4 4
1 1 1

-3 -2 -1

89. True. For a hyperbola, ¢ = a®> + b2 The larger the ratio of
b to a, the larger the eccentricity of the hyperbola, e = ¢/a.

91. False. If D = E or D = —E, the graph is two intersecting
lines. For example, the graph of x> — y2 — 2x + 2y = 0 is
two intersecting lines.

93. False. The constant term F remains the same.

95. The asymptotes pass through the corners of the rectangle.

(-6 (y-2P _

97. 9 7 1 99. Proof
101, X3 +x2+2x—6 103. x> —2x + 1 +
x+2
105. x(x + 4)(x — 4) 107. 2x(x — 6)?
109. 2(2x + 3)(4x2 — 6x + 9)
111. Y 113.

115. 117.

Section 9.4 (page 674)

1. plane curve, parametric equations, parameter
3. Eliminate the parameter.

S. ¢ 6. d 7. b 8. a
2@ Tol1[ 2] 3] 4
x |0 1| V2|V3] 2
yl2l1] 0| -1]-2
(b) 1
26
N
S \:
~14
ol
The curve starts at (0, 2) and moves along the right half
of the parabola.
(© 3
4 \ 5
-3
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Answers to Odd-Numbered Exercises and Tests A131

d) y=2—x2 29. ! 31. 8
y -1 8 . .
< |
-12 12
o
-5 -8
Ry i\ 33. 8
14
-12 12
24
The graph is an entire parabola rather than just the right -8
half. 35. Each curve represents a portion of the line y = 2x + 1.
11. b Domain Orientation
13. f (a) (—o0, c0) Left to right
2 b) [—1,1] Depends on 6
(c) (0, c0) Right to left
(d) (0, 00) Left to right
— — e _ —h)2 — %2
-2 -l 12 37.y—y,:y2 L(x — x,) 39.(x 2)+(y 2):1
» > T X a b
41. x=3—-5,y=1+5¢ 43. x = 5cos 0,y = 4sin 0
- 45. @) x=t,y=5t—3 (b)x=2—ty=—5+7
1 1
y = —4x 47.(a)x:t,y:? (b)x:2—t,y:ﬁ
17. "
. 49. (a) x =1,y =6t>2—5
by x=2—1,y=6t2— 24t + 19
51. @) x=t,y=¢ (b)x=2—1y=¢e>""
53. 4 55. 8
. .______/“\_\_ ]
S |2 s A .
—1+4 0 12
-4 0
y = 16x? 5.b  S8.c 59.d  60.a
21. A 61. (a) x = (146.67 cos )t
o ‘1 y =3 + (146.67 sin )7 — 1612
8 1 (b) ® (c) %
6 14
4+ +—+ t t +— x
\\/ I NEE Y
} e~ > -l 0 450 0 500
-2 2 4 6 8 10 0 0
—2+ 4
No Yes
_ l|x 4 X . o ! (d) About 19.4°
) 4 9 63. True. Both sets of parametric equations correspond to
25. " 27. ’ y=x>+1
10 1 65. False. The set x = 2, y = ¢ does not correspond to y as a
Z: function of x.
7T 67. Yes, the orientation would be reversed.
il 69. Even  71. Neither
i
3t Section 9.5 (page 681)
21
T . 1. pole
20 12345678 ) y
3 3. x=rcos §,y =rsinfand tan = =, > = x> + 7
y=x,x>0 X

ﬂﬂ)

5. (0,4) 7.(2, >
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A132 Answers to Odd-Numbered Exercises and Tests

9, z 21. 1 23, z
5 4
(%)
\ 4
N ©
\\JJQ EERa s os s oa !
(3 ,71) (,3 “J) (,3 ,z) 0,0 (—1.004, 0.996)
e A e Bl B B ’s. :
11. z I
[ ]
\ T (3.549, 3.522)
\Ez o e
() '
3 27. (153,129)  29. (—1.20, —4.34)
5T (27 () 4 31. (—0.02,2.50)  33. (—3.60, 1.97)
3 )3T 35. y 37. y
B z 51 .
T 44
(2 %)

B T S
—9-8-7-6-5-4-3-2-1

o
—_ oW
$‘ -
=
|
o+
|
o+
|
- o
- [ ]
[N}
w
=

K/l 2 I3 o4
-34 2t
\KJ
_54 =31
. S _ (7, 7, (~7,0) (ﬁ, 7{) <— /2, 5{)
(— V3, T)’ <\/§, ?>, <— V3. —g> 39. y 41. |
15. z 3 ar s+ 3
(5’_7) ° 4t 2
/ ai :
2+ 1 t t t t t x
ﬁ\ -3 -2 -1 1 2 3
K/l 7 370 T -
\\J bt > x ®*
4 -3 -2 -1 12
—14 -3

S5 T
5,2.214), (—5,5.356 6,— |, |—V6,—
SIS AR
2°2) 222) 2 2 43. Y
17. 3 19. 3 124
1 91 e (10.82,0.98), (—10.82,4.12)
J ol
1o N
+ 0 + 0
2 4 6 2 3 L ' ' ' ' x
1 -3 306 9 12
° J -3+

45. (3.61, —0.59) 47. (2.65,0.86) 49. (2.83,0.49)
ﬁ) 51. r=3 53. r=4csc O 55. r = 8sec 0
2 2
~ 3cos 6 — sin 0
61. > = 9 cos 260 63. r==6cosf 65. r=2acos 6
67. r = tan® 0 sec 6 69. x> +y> =4y =0

(2, —23) (*26

57. r= 59. r2 = 8csc 26
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Answers to Odd-Numbered Exercises and Tests A133

M.y = — Jix 73y = —?x 75— 0 7. Rose curve 9. Lemniscate Trll. Rose curveTr 13. a
15. ¢ 17. Polar axis 19. 6 = — 21. 6 = —

77. x>+ y2 =16 79. y= -3 81. (x2 + y?)3 =x2 2 2

83. (x% + y?)% = 6x%y — 2y 85. y2=2x+1 23. Pole

87. 4x2 — 5y2 = 36y + 36 25. 27. 3

T T T X
2 4 8
2,1
4AJ 29.

91. The graph consists of all points on the line that makes an
angle of 77/4 with the positive x-axis; x — y = 0.

t t t
s
51
il \\/F
T
2

r
2
89. The graph is a circle centered at the origin with a radius of 1
6; x2 + y? = 36.
ah i
8
M ‘v T
2T 0
i —t bt > 3 12 3
-8 -4 -2
gl
2

33.

t + t t + +
-3 -2 -1 1 2 3 {

93. The graph is a vertical line through (3,0); x — 3 = 0. 0

Symmetry: polar axis

— i > x . m w ST
3 71_% I i Zeros: 52 6
N 37. z Symmetry:
3 0= 127, polar axis, pole
95. True. Because r is a directed distance, (r, §) can be Zeros: O 3 5
represented by (—r, 0 £ (2n + 1)m), so |r| = |—7r]. 0 2T
97. (a) Answers will vary. ¢
(b) The points lie on a line passing through the pole.
d= Jr2+r2=2rr=|r — |
(¢) d = Jr?> + r,> (Pythagorean Theorem)
Answers will vary. 39. e 41. -
(d) Answers will vary. The Distance Formula should give the / \L
same result in both cases. -18 18 e "
1)? 3V _ 5 <1 3)
99. <x 2) + (y 2) ; A circle centered at ) with — -
a radius of Llo. Answers will vary. Answers will vary.
43. 4 45. 2
101. A = 30.68° 103. a = 16.16 4
B =~ 48.23° b= 19.44 . . N SN
C = 101.09° B =~ 86° / ~—
Section 9.6 (page 689) = =
1. convex limagon 3. lemniscate Answers will vary. Answers will vary.

5. When (7, 6) can be replaced with (r, 7 — 6) or (—r, — ) and
yield an equivalent equation
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47.

Answers to Odd-Numbered Exercises and Tests

3

JEN

|,

1

Answers will vary.

49.

]
.

51. 200 53.
—2000 400
—1400
Answers will vary.
5S. 2 57.
-3 3
-2
0<6<d4nm
59. o
-6 < : 6
I4
63. True.n =5

14

I B

R ——— e

-10

Answers will vary.

-2

65. Answers will vary.

67. (a)r=2—sin(9—7z-r> (b) r =2+ cos

(c) r=2+sin6
69. 4

(d) r=2—-cosf

4

0

il

RN

. g

k = 0; circle

—4

—4

k = 1; convex limacon

6 6
| NONESEES:
-2 -2
k = 2; cardioid k = 3; limagon with inner loop
7. x=-33 7T3d.x=%
Section 9.7 (page 695)
1. conic 3. vertical
5. 4 7. 4
a~.}. b4
ey ol gt
-+ — :?
/ c
-4 -8
(a) Parabola (a) Parabola
(b) Ellipse (b) Ellipse
(c) Hyperbola (c) Hyperbola
9. b 10. ¢ 11. f 12. 13. d 14.

15. Parabola 17. Ellipse 19. Ellipse
21. Ellipse 23. Hyperbola
25. Parabola 27. Hyperbola
4 9
-6 /— 6 1
-9 Kl 9
-4 -3
29. Ellipse 31. 12
: /
-4 { A 2 -6 (w_// 18
NV
-4
-2
33. 2 35. 4
) Ty
. C> 3 | (_/ |
2 -8
3. r= S 39. r= #
1 — cos 6 2 + sin 0
2
41. r=——" 3. r=——7—
1+ 2cos6 1 —sinf
10 10
45'r_1—c050 47'r_3+20050
20 16
49. r=—"— l.r=———
o 3 —2cos 6 Str 3+ 5cos 6
53. Answers will vary.
9.2930 x 107 6.7280 x 107
= T.or=—"———""""—
BT 00167cos 6 0T 1 00068 cos 6
Perihelion: Perihelion:
9.1404 x 107 mi 6.6781 x 107 mi
Aphelion: Aphelion:
9.4508 x 107 mi 6.7695 x 107 mi
4.4977 x 10°
39+ @) Tcpune = 17,0086 cos 6
5.5404 x 10°

Tpluto =

1 — 0.2488 cos 6
(b) Neptune: Perihelion: 4.4593 x 10° km
Aphelion: 4.5367 x 10° km
Pluto: Perihelion: 4.4366 x 10° km
Aphelion: 7.3754 x 10° km
(©) 7x 10

-5x10°

f%

’\

8x 109

—
Nl

-7x10°

(d) Yes; because on average, Pluto is farther from the sun than
Neptune.

(e) Using a graphing utility, it would appear that the orbits
intersect. No, Pluto and Neptune will never collide
because the orbits do not intersect in three-dimensional
space.
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61.

. . —4/3
False. The equation can be rewritten as r = /

Answers to Odd-Numbered Exercises and Tests

27. Center: (0, 0)

A135

29. Center: (—1,2)

1 + sin 0
Because ep is negative, p must be negative, and because p
represents the distance between the pole and the directrix, the
directrix has to be below the pole.

63. True. The graphs represent the same hyperbola.

65. Answers will vary.

24336 400
7. 2 - Zee-r . 2 = 7
07 =160 — 2500528 O T35 —9cost 6
144
2 '
=i o— 16

73. (a) Ellipse

(b) r= is reflected about the line 6 = %T

4
1+ 0.4cos 6

is rotated 90° counterclockwise.

2
10 7. 10

(page 700)
3. x> +y2=25

" T 1= 04sin6

N

75. Circle 71.

Review Exercises

1. Hyperbola

5. (x =22+ (y—42=13
7. x>+ y%2 =136

Center: (0, 0)

Radius: 6

o (e + [+ 3=
Center: |5, —%
Radius: 1

13. (3 + /6,0

Center: (=2, —3)
Radius: 4
15. Vertex: (0, 0) 17. Vertex: (0, 0)
Focus: (1, 0) Focus: (=9, 0)

Directrix: x = —1 Directrix: x = 9
y y

=20 =16 =12 -8 -4

19. y? = 16x
23. 2 +y—2=0:(1,0)

21. (x + 6)2 = —9(y — 4)
25. 8/6m

Vertices: (0, +4)
Foci: (O, i2\/§)

- 3
Eccentricity: 5

y

31. (a) (x —9 ), O ;r64)2 _

(b) Center: (1, —4)
Vertices: (1, 0), (1, —8)
Foci: (1, —4 =+ ﬁ)

.. 7
Eccentricity: I

(22 (b -T7°_

Vertices: (—1,9), (=1, —=5)
Foci: (—1,2 +2./6)
2J6

Eccentricity: —

. +
33. (a) /3 18 1
(b) Center: (—2,7) (c) y
Vertices: (—2 + ?, 7) <> 87
— P
Foci: (—2 + ﬁ, 7)
12 st
Eccentricity: % 2
DR S '
X2y (x =22y _
35. 25 9—1 37. 25 +21—1

39. The foci should be placed 3 feet on either side of the center at

the same height as the pillars.

- Xy

4L e~ 00543 43. o - o= 1

(x—42  y?
45— — =
5 16/5  64/5 !

y_x_

7. (@) 7~ 5 =1

(b) Center: (0, 0) (c) i

Vertices: (0, £2)
Foci: (0, £3)

.. 3
Eccentricity: 5
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A136 Answers to Odd-Numbered Exercises and Tests

-1 G+ _ 69.

49. (a) T 9 =1 A
(b) Center: (1, —1) (©) y 2
Vertices: 6 2 1

1+

(5,-1),(=3,—-1)
Foci: (6, —1),(—4, —1)

s l
Eccentricity: 1 By
iy
. y =22
- 71. 4 73. 4
(x+6? (y—12_ L_
S@ So12 00 ! -6 6 -6 6
(b) Center: (—6,1) (c) Y ﬁ
Vertices: 30+ —4 —4
V202 20+ 75. 4 717. 6
—6+ Y=
-2 104
Foci: <—6 + 12010, 1> 00 im# RO - : 4 \ 8
Eccentricity: /5 -207 2 -
T 79. 4 81. 8
53, About 72mi  55. Ellipse  57. Hyperbola / \
PGP @2, P - 9 .
i LA =
59. =1 61. = =1 L/

” 8

83 (@x=ty=6t+2 (b)yx=1—-ty=8—6t
8. (@ x=ty=t2+2 by x=1—ty=t>2—2t+3
87. x=ty=>5 8. x=—-1+11t,y =6 — 6¢

91. 54.22 ft/sec

93. 2 21.93 ft
63. t | =21 —1 0 1 2 3 0 Q 100
0
x| -8 -5|-2|1 4 7 95 z

67. lzi
o s /ﬁ \ .

T X 4+
2 3 4
il
B /4 6 5 1012
7
4 (257 -
y=4dx— 11, x =2 6 6 6
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Answers to Odd-Numbered Exercises and Tests A137

99, 5 13, =
(-7.4.19)
(AN A
&y ()
(=7, —2.09), (7, —5.23), (7, 1.05) 133. Dimpled limagon 135. Limacon with inner loop
101. 103. z s

————+ i
= ola

10 12

1 St
° | 0(2,—%
—————+—+ +——+> 0 ——+—+ + +—> 0 QW 0

P R R '
+—+—+—+—+

<_523, ;) (1’ \/g) Symmetry: Polar axis Symmetry: 6 = g
105 4 107 ¥ Zeros of r: None Zeros of r: 6 = 0.64,2.50
. z .
L P 137. Rose curve 139. Lemniscate
(; Lﬂ) n x
T4 3 2 2
[ ) L
» R
bt 0 -3 T
| 1 2 3 4 AO
-6
: 5309 S R
| -12 [
C22) (a3
2 2 2\ 2
109. y Symmetry: Symmetry: Pole
T Pole, polar axis, § = z Zeros of r: 6 = 0, z
2t 2 2
T 7 37 S T
B IS  EE a Zeros of ri 6= "4, "m0y
ol 141. Hyperbola 143. Ellipse
-3+ 3 2
44 G.-5) .
4

ST . \/ LA
() (a ) ~ I

-1 -2

111. r = 113. r =4 115. 12 =
=Y ) Sr T st 3= asecfese 145. Ellipse
P = a2+ 2 = 2
7. 1+ 3cos? 6 119. x* +y 25
121. x2 + y> =3 123. (2 + 22— x2+3y2=0
X y\/§ X (2 +y)2—x2+y . A 3
125. y = R K‘-)
127. z 129. z -
4 5
147'r_1—cos9 149'r_3—200s6
1.512
151, r=——F ——
t >0 — >0 d 1 — 0.093 cos 6
6 1 2 3

Perihelion: 1.383 astronomical units
Aphelion: 1.667 astronomical units
153. False. The equation of a hyperbola is a second-degree equation.
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A138 Answers to Odd-Numbered Exercises and Tests

155. (a) Vertical translation (b) Horizontal translation
(c) Reflection in the y-axis (d) Vertical shrink
157. The orientation would be reversed.

Chapter Test (page 704)

1. Y 2. ¥
4+ T
6l
21
5
2 4 6 5 !
-2t ; 12. ) x=t,y=7—4 (b)x=2—t,y=4i—1
3 3
41 ol = =2 =92 — =
9 13. (@) x=1t,y p b)yx=2-1ty >,
Vertex: (1,0) 14. @) x=t,y=1t>+10 b)Y x=t—-2,y=1>—4t+ 14
Focus: (2, 0) 15. (ﬁ, —1)
3. 4. +22=8x—-6
( ,) ( ) 16. Sample answer: (Zﬂ, %T), <2ﬂ, _ZTT)’ (—Zﬂ, %)
84 17. r =3 cos 0 18. 2+ (y— 12 =1

/ 19. Limagon with inner loop ~ 20. Parabola
44+

6
! ! ;; 1‘2 !

8
-4 4
-4 20
4t
-6
8

6
8+
Vertices: (0, 0), (4, 0) -2 -
Foci: (2 + 5, 0) 21. Hyperbola
2 — 2 2 2 10
. i Gl P A i
16 49 9 4 Sl
7- 6 P o
" -12 / ‘ 12
\ / Answers will vary.
-9 / \ 9 -6
4 10
o 2= e P T i semo
8. 24. Maximum: |r| = 8
T T ST
Zerosof r: 0 = 2 6

-
-

Cumulative Tes
(page 705)

1. (4, —3) 2. (8,4),(2,—2)
33 -4-3)  4.(1,-4-4

or Chapters 7-9

-7 —10 —16 —18 15 —14
9. 5] -6 18 9| 6| 28 11 34
-2 16 7 —20 52 -1

3 =31 2 5 36 31

7.122 18 6| 8|-36 12 -36

. 52 —40 14 6 0 18

2 8 10 12
24

—175 37 —13
9. (a) 95 —20 7 (b) 1

I 14 -3 1
1 2y 10. 22 11 (a) & 3.5 —5  (b) 3,6,12,24,48
(y+ 12 =5k+6) 2T bz V2 12. 135 13. % 14. 3448  15. 6667  16.

17. -3 18.%  19.(a) 190 (b) 190
20. x* + 12x3 + 54x2 + 108x + 81
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Answers to Odd-Numbered Exercises and Tests

(b) x =2t,y = 41> — 16

(b)x=2[,y=%

t,y=1>—16
hy="2

t

eZt
hYS i

21. 32x3 + 80x*y? + 80x3y* 4+ 40x?y® + 10xy® + y'© 40. (a) x =
22. x®— 12x%y 4+ 60x*y? — 160x3y® + 240x2y* — 192xy° + 64y° a1 (@) x
23. 6561a® — 69,984a’b + 326,592a°h*> — 870,912a°h> )

+ 1,451,520a*b* — 1,548,288a%b + 1,032,192a%h°

42. (a) x

— 393,216ab” + 65,536b%
24. 120 25. 420 26. 302,400 27. 15,120 43.
28. Hyperbola

y

29. Ellipse

-6

36. (a) and (b)

1 34.

0 =~ 37.98°

37. (a) and (b)

() y=2—2x%,
—1=x=1
(¢) y=0.5¢%, x=0

39. (@ x=t,y=3t—2

(b) x=2t,y=06t—2

&

44. 3
NN
e
45. 1
/ (2.3
/ . 3 0
N
46. z

—_

47 r = " 4sin 6 + 4 cos 0

10)2 y

A 9

49. T - T =
9

50. Circle

1

£
-3 t]

-2

52. Limagon with inner loop

©

CES
-

(b) x=2t,y =

48.

51.

53.
5S.

e4t

et + 1

(x=22+y2=4

Dimpled limagon

$701,303.32
24/2m
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A140 Answers to Odd-Numbered Exercises and Tests

Chapter 10 79.
Section 10.1 (page 716) 1.0.2)

1. three-dimensional 3. Distance Formula
5. surface, space

7. A sphere with center (h, &, j) and radius r
9. A(—1,4,3),B(1,3, —2), C(—3,0, —2)

2
11. A(=2, —1,4), B3, =2,0), C(—2,2, —3) G0
13. N 15. (=422
5 (-2,1,3) 37 !
o ! Y IV Al
37 X 1 //
21 ;?(_1’2’1) T EEE !
1457 % , G,-1,0)¢
2 A0 23 45 Va
32 x -3
4/ 2f -4
5 |
A -5
17. z 2052
85. (3,3,3) 87. X2+ y2+ 72 = 2
5
823, i 89. False. z is the directed distance from the xy-plane to P.
E 223 91. 0;0; 0 93. (x5, ¥, 25) = (2%, — X152y, — Y15 22, — 21)
' L + + +
' 1 . 95_1}:_3—717 97‘x=w 99.y=_1—710
[ 12 3, 5 2 2 2
1, 2 Fo- o T
£ | ! .
¥ j E Section 10.2 (page 724)
! 1. zero 3. parallel 5. vl = v+ v+ 3
19. (-3.3,5) 21 (11,0,0)  23. Octant V 7. (@) (0.0, 4) 9. (a) 2.3.1)
25. Octants I, II, III, and IV 27. Octants II, IV, VI, and VIII (b) z () z

29. 3./21 units 31. /65 units H
33. /114 units 35. /105 units 37. 25,3, V29 420.0.4)

39. 3,6,3/5  41. 6,6,210; isosceles triangle -
43. 6,6, 2@; isosceles triangle T g
45. (0, -1,7) 47. (1,0,6)  49. (3.2.6) B gt
51 (x — 32+ (y — 22+ (z — 42 =16 N
53 (k+ 12+ (y— 22 +22=3 ¥ 2l
55. 2+ (y— 42+ (z =32 =16 '
57. (x + 32+ (y =7+ (=57 =25 11. (a) (7,-5,5) () 3J/1I (o) Ml (7,-5,5)
59. (x =3Py +(r-32p=% 33
61. Center: (3,0, 0); radius: 3 13. (@) (2,2,0) (b) 22 (¢ ﬁ(l, 1,0)
63. Center: (2, —1, 0); radius: /3 15. (a) 2 (b)2 z
65. Center: (2, —1, 3); radius: 2 (2,2, 6) af
67. Center: (—2,0, 4); radius: 1 ° T,
69. Center: (1,%, 4); radius: 3 213
-

71. Center: (1, —2, 0); radius: \/Zﬂ 434 21: EEEE
73. Center: (%, 71,0);radius: 1 g I b
75. ; 77. : !

2 : @ i
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17. (a) z (b) z
L N
273 4
T 2-2.137
AATTON AT 1 23
3 / ’ :
"2k e G w N/ N A OV G
X -3 : 2 r
3
-4 4/ af
of (442 RaN:
—6T —4f
(© ¢ (d)
37 4
21 31 —4
s 27-3
-2 7334767 ©,00 v
T / -4 -3-2 1 123 4
3 ’ 2
2PN\ v
6 -3 | o2
x -41 i 5 * =37
-t $<5’5’_§> -4t
19.z=(-37,6) 2Lz=(362)
2.z2=(-3,12,%) 25.9/2 27. J2I
29. /21 31. /34
33. (a) 5(5i — 12k)  (b) —15(5i — 12K)
VT4 . . VT4 . .
35. (a) o Bi+3j—k (b o (8i + 3j — k)
37. (—26,0,48) 39. 8.73 41. —4 43. 0
45. 124.45° 47. 109.92° 49. Parallel 51. Neither
53. Orthogonal 55. Not collinear 57. Collinear

Answers to Odd-Numbered Exercises and Tests

61. True. The cross product is defined only for three-dimensional

A141

vectors.
63. Proof  65. Proof  67. —1
Section 10.4 (page 740)
1. direction 3. perpendicular 5. yz-plane
7. x=1 y=21 z =73 (b)x=%=§
9. () x=—4+3t,y=1+8 z= —06¢
x+4 _y—-1_ z
T T
11. (@) x=2+2t, y=-3—-3t,z=5+1
x—2 y+3 _
(b)i2 =3 T¢ 5
13. (@) x=2—t, y=4t, z=2 — 5t
x—2 _ y_z-2
L
15. Q) x= -3 +41, y=8—101, z=15 + ¢
x+3 y—8 _
(b) i " 10 ¢ 15
17. (a) x =3 — 41,y =1,z=2 + 3¢t (b) Not possible
1 1
) ==+ =2 - = -
19. (a) x 2 3t,y =2 —5t,z2 > t

59. Right triangle. Answers will vary.
61. Acute triangle. Answers will vary.
5 7 3J14
. . = = .k
63. (3.1,7) 65 (6, > 4> 67. £
69. (0,2v2,2/2) or (0,22, —22)
71. 3.64 1b 73. True. cos™' 0 = 90°
75. Sphere of radius 4 centered at (x,, y,, 7,)
23.x—2=0 25. "2x+y—2z+10=0
Section 10.3 (page 731) 27. —x—2y+z+2=0 29. -3x—9 +7z=0
1. cross product 3. Jluf[v[|sin6 5. (=1,0,2) 31. 6x = 2y R §=0 33.y-5=0 B
7. <1’1’1> 9, <3’_3’_3> 11. <0’42’0> 35.y:z+i—07 37. 7x+y_112_5_0
13. —7i +13j + 16k 15. —17i + j + 10k ¥ x=2y=3z=4+1
17. -Li—1j 19, —18i—6j 21. —i—2j—k M x=2+3y=3+z=4-1
23. (10, -2, —4)  25. —6i — 15j — 6k Box=5+2y=-3-1z=-4+3
27 —hi—Zi-2k 29 %i-2%j -2k :g' ’(“)‘h2 - f’ly = ;9* gzh_ 2 +1‘
9 . . 7602 _ . . Orthogona . Orthogona
3. S =31+ 3k) 33— -=(=71i — 44 + 25K) 51. (a) 60.67° () x=2—1 y=8t z=Tt
¥ 53.(a) 7783° () x=1+6f, y=1,z=1+7t
35. T(l ) 37. 1 39. /806 41. 56 55, Z 57. Z
43. (a) Answers will vary. (b) 610
(c) The parallelogram is not a rectangle.
45. % 47. %\/ 4290 49. —16
51. 2 53. 2 55. 12 57. 84
59. (a) T(p) = gcos 40°
®) 15 20 | 25 30 35 40 45
5.75|7.66|9.58 | 11.49 | 13.41 | 1532 | 17.24
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59.

67.

6.5 6. 200

9 65. 88.45

False. Lines that do not intersect and are not in the same plane
may not be parallel.

69. The point and the vector are reversed. The correct answer
should be:
x—1 _y- 2 _z= 6
3 5 4
71. Parallel. (10, — 18, 20) is a scalar multiple of (— 15, 27, —30).
Review Exercises (page 744)
1.
(-3,3,0)
BA----»
G.-1,3) ,/
9. y
-5-4 1-2 /1 12 3
1 //2
v,
XA
* |
. -3
) !
51
3. (=5,3,0) 5. V30 7. V29, V38, V67
9. (0,—1,—1) 11. (1,1, —-9)
13. x—22+(y—32+(z—-5*=1
15. x — 12+ (y =52+ (z—2)?=36
17. Center: (2,3, 0); radius: 3
19. (a) ; (b) )

21.

23.

25.
35.
41.

43.
45.
47.

49.
51.

(@ (1,4,=3) (b V26 (c) - —

(a) (—=10,6,7) (b) V185 (¢) 1;25 (=10, 6,7)
-9 27.1 29.90° 31. 90° 33. Orthogonal
Orthogonal 37. Not collinear 39. Collinear

A: 159.10 Ib of tension

B: 115.58 1b of tension
C: 115.58 1b of tension

(—=10,0, —10)
7602
—71i — 44j + 25k

7602 /1T 44) + 25K)
(a) Answers will vary.  (b) 243
(c) The parallelogram is not a rectangle.
75
(@ x=3+6t,y=11t,z=2+ 4¢

x—3_y _z-2

® ==

Answers to Odd-Numbered Exercises and Tests

53.

55.

57.
61.

(@x=—-1+4t,y=3+3t,z=5—6¢
x+1 y—-3 z-5
R

X
=1 (b)_2— =z
59.z2-2=0

5

— ==

(a) x Ly=35t
—2x— 12y + 5z=0

110 110
65. 110 67. 55
69. False.u x v= —(v x u) 71 and 73. Answers will vary.
75. u XV = (w3 — uz)i — (uvy — ugv))j + (uv, — upv )k
Chapter Test (page 746)
1. N 2. No. Answers will vary.
22 3.(7,1,2)
A
5,-2,
)
%
X 47
4. x =72+ (y -1+ (z—22=19
8
24
)
4
6 y
sphere
5. (2,5, —10); V129 6. (=3, 5,872
7.u=(=2,6,—-6),v=(—12,5,—-5)
8. (a) V194 (b) 84 (c) 0, 62,62) 9. 46.23°

10.

11.
13.
14.
16.

Answers will vary. Sample answer:
(@x=8—-2t,y=—-2+6t, z=5— 6¢
x—8 y+2_ z-5

® =5 6 -6

Neither 12. Orthogonal

Answers will vary; 2./230

27x +4y + 322 +33=0 15. 200
N 17.

(2,0,0)47-6
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Answers to Odd-Numbered Exercises and Tests A143

Chapter 11 B T= [ =10 [ =100t | =1
Section 1.1 (page 757) f&) | =21 | =201 | —=2.001 | Error
1. limit 3.3
5. (a) Y (b) Answers will vary. x —0.999 | —0.99 | —0.9

x f@) | 1999 | —=1.99 | —1.9

/)- ----- T 2
2120 1500 oo 099 | 0999 |1
2(12-x)
f(x) | 02564 | 0.2506 | 0.2501 | Error
©
X3 3 3¢ x |1oo1 |1o1 |11
V| 972 | 1011.5 | 10235 | 1024 70 | 02499 | 02494 | 0.2439

x | 41 45 5 025
V | 10235 | 1012.5 | 980 .00 T o1 2001 | 0001 | 0
lim v = 1024 f(x) | 0.2247 | 02237 | 0.2236 | Error
(d) 1200

X 0.001 0.01 0.1

f(x) | 0.2236 | 0.2235 | 0.2225

o 12 0.2236
0 19.
" X —4.1 —4.01 | —4.001 | —4
lox 1.9 1.99 1.999 2
f(x) | 0.4762 | 0.4975 | 0.4998 | Error
f(x) | 13.5 ] 13.95 | 13.995 | 14
X —-3.999 | =399 | —3.9
X 2.001 2.01 2.1
f(x) | 0.5003 | 0.5025 | 0.5263
f(x) | 14.005 | 14.05 | 14.5
0.5
14; Yes 21.
9 X —0.1 —0.01 —0.001 0
“lox —1.1 —1.01 —1.001 -1
f(x) | 0.9983 | 0.99998 | 0.9999998 | Error
f(x) | —0.3226 | —0.3322 | —0.3332 | Error
X 0.001 0.01 0.1
X —-0.999 —-0.99 -0.9
f(x) | 0.9999998 | 0.99998 | 0.9983
f(x) | —0.3334 | —0.3344 | —0.3448
1
—0.3333; No 23
1 | x —0.1 —-0.01 —0.001 0
“lx —0.1 —=0.01 —0.001 0
f(x) | —0.0997 | —0.0100 | —0.0010 | Error
f(x) | 0.5017 | 0.50002 | 0.5000002 | Error
X 0.001 0.01 0.1
X 0.001 0.01 0.1
f(x) | 0.0010 | 0.0100 | 0.0997
f(x) | 0.5000002 | 0.50002 | 0.5017

0.5; No
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A144 Answers to Odd-Numbered Exercises and Tests

25. 5x+ 4 1 2 =3x+9
-0.1 —0.01 | —0.001 | O . = e -
X 0 0.0 0.00 77 5x+2’x¢3 79 P L x#F =3
x) | 0.9063 | 0.9901 | 0.9990 | Erro .
ki o Section 11.2  (page 767)
X 0.001 0.01 0.1 1. dividing out technique 3. Rationalizing technique

5. (a1 3 (5
&) = —2x+1
7.2 Gb)YO0 ()0

f&) | 1.0010 | 1.0101 | 1.1070

1
2. &) = x(x + 1)
X 1.9 1.99 1.999 | 2 9. ﬁ 11. 3 13. 4 15. 12 17. 80 19. %
f(x) | 2.2314 | 2.0203 | 2.002 | Error 21. % 23. % 25. i 27. —1 29. —%
31. 0 33. 0 35. 0
X 2.001 | 2.01 2.1 37
lox —-0.1 | —0.01 | —0.00L | O
f(x) | 1.998 | 1.9803 | 1.8232
fx) | 1.813 | 1.980 | 1.998 Error
2
29. ! 3L ) x | 0001|001 |01
ST 8
4t f(x) | 2.002 | 2.020 | 2.214
6
2T 4 2.000
1+ [ ] 5 39
S 12 “lx | -01 [ =001 | —0001 |0
21 %# oo f(x) | 1.056 | 1.005 | 1.001 | Error
a3t
lin% flx) =3 lin% flx) =5 X 0.001 | 0.01 | 0.1
33. 2 f(x) | 0.9995 | 0.995 | 0.954
35. Limit does not exist; One-sided limits do not agree.
37. Limit does not exist; One-sided limits do not agree. 1.000
. . . . . . _ 41.
39. Limit does not exist; Function oscillates between —2 and 2. N —01 | =0.01 | =0.001 1 0
41. 8 43. 2
] f(x) | 0.149 | 0.137 | 0.135 Error
-3 3
-3 3 X 0.001 | 0.01 0.1
- -2 f(x | 0.135 | 0.134 | 0.122
No No
45 3 47. 4 0.135
N | 43 4 45 2
1 8 -6 ] 6 —
/ =6 [ \ x| 6 -3 3
-3 -4
No Yes 2 2
49. (@ —16 12 ©3 (@2 2.000 1.000
5.8 (i (©3 @ ) ; 47. 2
53. —15 557 57. -1 59.7 6L 1
™ -3 _d-_/ﬂ\‘-% 3
63. &3 65. 0 67. 3
69. True. See Condition 1 on page 754. >
71. (a) and (b) Answers will vary.
(a) (b) ary. 0333

73. (a) No. The function may approach different values from the
right and left of 4.
(b) No. The function may approach 4 as x approaches 2, but
the function could be undefined at x = 2.

75. 4 x#5
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49 Y 51 Y
6+ 34
4 24
2
} > —r‘/\!‘, x
— L 5 % 10 T 12 3
ey Y
_4 o4
—6+ 34

53. " 5S. "

Limit does not exist.

lim f(x) = 1
57. (a)and (b) 0.50 (c) 3
59. (a)and (b) —0.13 (c) —3

61. 6 J(x) =xcos x 63.

JINEL)

6| S0 = | x| sin x

j \

-9 9
\ L ) \ i / A\ /
lim f() = 0 lim f() = 0
65. f(x) =xsin %
-3 3
lin(l) fx)=0
67. (a) Direct substitution; 0 (b) 1
69. —32 ft/sec 71. Answers will vary.
73. (a) 140
OM
0 >-9_9-. 10
80
Oy 5 |53 ]54]55]s56]57] 6

C(x) | 105 | 110 | 110 | 110 | 110 | 110 | 110

lim C(x) = 110

x—5.5

© [ 4 |a5]4a9] 5 [51]55] 6

C(x) | 100 | 105 | 105 | 105 | 110 | 110 | 110

The limit does not exist.

Answers to Odd-Numbered Exercises and Tests

77. L

75. 3
2Vx

83. True. See page 761.
91. Hyperbola
95. Neither

(page 777)

secant line
70 9.1

89. Parabola
93. Orthogonal

Section 11.3

1. Calculus 3.

5.2
1

A145

1
(x +2)?
85-87. Answers will vary.

79. 2x — 3 81. —

11. 2 13. -2

15. -1 17.%F  19.m=-2x@ 0 (b) 4
1 1 1
21.m7—(x+4)2,(a) 16 (b) 3
1 1 1
.m=———:@) = (b) -
m Wi (a) 2 (b) 6
25. 3 27. %4
(I, 1)
-6 \ y 6 6 \\\- 6
W
5 -4
2 -3
29. 4
-6 6
BN
-4
-1
3. —6x 330 35 -1
2 1 1
3. -5 . ey 41. RETPETE
43. (@) 4 45. (a) 1
(b) y=4x—5 b y=x-2
(©) (@)
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A146 Answers to Odd-Numbered Exercises and Tests
51. 2
-2 2
-2
X -2 | -15|—-1|-0510
fx) 2 1.125 | 0.5 | 0.125 | O
fx) | -2 |—-15|-1|-051]0
X 0.5 1 1.5 2
f&) 0125 |05 | 1.125 | 2
f'(x) | 0.5 1 1.5 2
They appear to be the same.
53. 3
-——‘“‘j
.—“f
-2 2
-1
X -2 | =151 -1 -05 |0
fx) 1 1.225 | 1.414 | 1.581 | 1.732
f'(x) | 0.5 | 0.408 | 0.354 | 0.316 | 0.289
X 0.5 1 1.5 2
f(x) 1.871 | 2 2.121 | 2.236
/(%) | 0267 | 025 | 0.236 | 0.224

They appear to be the same.

55. f'(x) = 2x — 4; (2, — 1)
57. f(x) = 9x% — 9; (— 1, 6), (1,—6)
59. (=1, —1),(0,0), (1, —1)

61.
63. (0,0), (—2, 4¢7?)

T a\ (57 S5
R e )

65. (e7!, —e™ ")

67. (a) y = —0.411% + 54.7t + 8529

69. (a) V'(r) = 4mr?

71. (a) s'(t) = =32t + 64

(b) 12,000

0 250
[

38; The population is increasing by approximately
38,000 people per year in 2020.

(¢) y'= —0.82t + 54.7,38.3

(d) Answers will vary.

(b) About 201.06

(c) Cubic inches per inch; The derivative is a formula for rate
of change.

(b) 16 ft/sec

(¢) t = 2 sec; Answers will vary.  (d) —96 ft/sec

73.

75.
79.

81.

(e) 200

0 6
0

True. The graph of the derivative is a line, which is a
one-to-one function.

b 76. a 77. d 78. ¢

Answers will vary. Sample answer: A sketch of any linear
function with positive slope

Answers will vary. Sample answer: A sketch of any quadratic
function of the form y = a(x — 1) + k, where a > 0

Section 11.4 (page 786)
1. 5 3. converge S.c 6. a 7. d 8. b
9.f 10.g 1l h 12.¢ 13.0 15 -1
17. % 19. —4 21. Limit does not exist. 23. %
25.2  27. —1 29. -4 31. -5
33.
@Fe T [0 102 10°
f() | Error | =333 | —3.03 | —3.003
x 10* 103 106
f(x) | —3.0003 | —3.00003 | —3.000003
-3
(b) 2 (¢) lim f(x) = =3
-4 - 8
_—r//
-6
-3
35.
@l 1o |10 102 10°
f(x) | Error | —0.202 | —0.0200 | —0.002
B 104 103 106
f(x) | —0.0002 | —0.00002 | —0.000002
0
() 4 (¢) lim f(x) =0
-6 = 6
—
-4
0
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Answers to Odd-Numbered Exercises and Tests A147

37‘ (a) X 100 101 102 103 53. n 100 101 102 103
f) | =2 1097 | 09997 | 0.999997 a, |2 | 1551505 | 15005
x| 10 105 10 L5
li =3
£() | 099999997 | 0.9999999997 | 1 o, G =2
1 S T [ e 10°
® T © Jim f() =1 a, | 1333 | 5.683 | 5.06683 | 5.0066683
-6 6
5
lim a, =5
o n—oo
_ 13.50x + 45,750
1 57. (a) C = xf (b) $471; $59.25
39. (a
@7 10° 10! 10? 103 (¢) $13.50; As the number of PDAs produced gets very large,

the average cost approaches $13.50.
59, (a) 14

X 104 10° 100
£ P\\“\

f&) | —0.7321 | —0.0995 | —0.0100 | —0.0010

The model fits the data well.

—1.0x107% | =1.0x 1073 | =1.0 x 107°

0 10
0 1000
(b) 2 (b) 2009: 1,092,000
-6 — 12 2010: 1,086,000

(c) 1,056,000; As time passes, the number of United States
military reserve personnel approaches 1,056,000.
(d) Answers will vary.

-10 xz .
0 61. False.y = Tl does not have a horizontal asymptote.
41. (a) 5 : 5 R 63. True. See page 784.
* 10 10 10 10 65. Answers will vary. Sample answer: Let f(x) = x> and
f() | —0.7082 | —0.7454 | —0.7495 | —0.74995 g(x) = a2 Then lim x* = co and lim [f(x) = g()] = 0.
67. 3 69. 360
X 10* 10° 106

f(x) | —0.749995 | —0.7499995 | —0.7500

_075 O] 11 [ ————————————————J}}

0 0
(b) ! Converges to 0 Diverges
-2 —|° 71. The limit is —}.

-5

-0.75
325 3 123435

43. 15,517 13 45. 3.5, 3,011

Limit: 0 Limit:
47, 31 &5 8% 49. 2,3,4,5,6

Limit does not exist. Limit does not exist.
51 — 1,3, — %3, —% 75. 60 77. 150

Limit: 0 Section 11.5 (page 794)

+1
1. et 1) 3. 100 rectangles 5. 420 7. 44,100

2
9. 44,140 11. 5850
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Answers to Odd-Numbered Exercises and Tests

n”?+2n+1
13. ==
3. (@) S(n) an
®) n 10° | 10! 10? 10° 104
Sn) | 1 0.3025 | 0.2550 | 0.2505 | 0.2501
. 1
(¢) lim S(n) = —
n—oo 4
2+ 30+
15. (a) S(n) = M
2n
b
®) n 100 | 10! 102 103 10%
S(n) | 6 1.185 | 1.0154 | 1.0015 | 1.0002
(c) lim S(n) =1
24 3 +
17. (a) S(n) = M
6n
®) n 100 | 10! 102 103 104
S(n) | 3 0.2385 | 0.0234 | 0.0023 | 0.0002
(c) lim S(n) =0
19. 14.25 21. 1.27
23. n 4 8 20 50
Approximate area | 18 | 21 | 22.8 | 23.52
By 4 8 20 50
A .
PPIOXIMAE | 5 5156 | 28477 | 2.4806 | 23400
area
27. n 4 8 20 50 100 o0
Area | 40 | 38 | 36.8 | 36.32 | 36.16 | 36
29. n 4 8 20 50 100 oo
Area | 14.25 | 14.81 | 15.13 | 15.25 | 15.29 ‘;—6
31. n 4 8 20 50 100 oo
Area | 19 | 18.5 | 18.2 | 18.08 | 18.04 | 18
33.3 3.5 37128 393 413 43144
45, o
-100 \ 600
-100
105,208.33 ft>
47. True. See Formula 2 on page 789. 49. c
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Review Exercises (page 798)
L X 2.9 2.99 2.999 3
f(x) | 164 | 1694 | 16.994 | 17
X 3.001 3.01 3.1
f(x) | 17.006 | 17.06 | 17.6
17; Yes
3.
X -0.1 —-0.01 | —0.001 | O
f(x) | 1.0517 | 1.0050 | 1.0005 Error
X 0.001 0.01 0.1
f(x) | 0.9995 | 0.9950 | 0.9516
1; No
5.2 7. Limit does not exist.
9. @8 ()1 (¢) 10 (@@ %
11. 5 13. % 15. =2 17. 0 19. ¢
T 1 1
21. 6 23. 1 25. 15 27. —9 29. —1
31. i 33. (a) and (b) 0.17 35. Limit does not exist.
37. (a) and (b) 2 39. (a) and (b) 0.577
41. M
41
N
o1
14 O
oo [ 1 hs el ;
ol
34
4+
Limit does not exist.
45. Y
61
i
21
+ + + + + X
—_— 56 8 10
1
,4<» ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
o EENEERRER
Limit does not exist. Limit does not exist.
49. 3 — 2x 51. 2
53. 4 55. 6
JIR VA o
2,2
2,0) " .y-”‘-/-'" ( ) o
-4 -2
2 i
57. 10
IL _3
1 2
10 [mammm \ 20
(2. -3)
-10




59. m=2x—4;(a —4 ()6
4
61. m = R (@ —4 (b —1
63. f(x) =0 65 h'(x) = -3  67. g'(x) = 4x
1 4
69. (1) = —/—— 71. ¢g'(s) = ———
= sws MEY T T
o 1
73. g'(x) = 72(x 2
75. @0 (b)y=-1 7.3 (b)y=3x+3
(©) A (©) )
6+
5 L
L
51
2L
N
-4 -3 =2 -1 1 2 3 4 !
©0.-1)
Ll
79. 2 81. 0 83. Limit does not exist. 85. 3
1135 7 1111
87. —5.12. 1938 9 89. —1.5. 776 — 125
Limit: 2 Limit: 0
1 9 7 37 57
M. =3, =% ~6 " "%
Limit: —1
5n* + 9n + 4
93. (a) S(n) = 1 — 1~
6n
®Fn {1 | 100 | 102 10° 10*
S(n) | 3 0.99 | 0.8484 | 0.8348 | 0.8335
5
(© 6
95. 6.75
7. | n 4 |8 20 |50
Approximate area | 7.5 | 6.375 | 5.74 | 5.4944
99. 50 101. 21 103. 68
105. (a) y = (—=3.376 x 107 7)x> + (3.753 x 10~%)x?
— 0.168x + 132
(b) 150
0 1000
0
(c) 88,700 ft?
107. True. See page 775.
Chapter Test (page 801)
1. 4 2.

| s
i

n
T
©

-4 -6
—-0.75 Limit does not exist.
lim f(x) = —%
x—>—2

Answers to Odd-Numbered Exercises and Tests

3. 4 4. 4
-2 3 \ﬂ_'_'_‘ 10 /
BT nTa
-4 -1
Limit does not exist. 3.0000
5. 7
-6 —_-/ 6
-1
2.0000

(a) m=6x—57 (b) m=06x2+6;12

) = —_% 8. f'(x) =4x + 4
1

F0) = =5

e A

10. O 11. -3

12. Limit does not exist.
314 12 36

13. 0,215,122 14. 0,1,0,3,0

Limit: % Limit: 0
15. 125 16.8 17. %

18. (a) y = 8.79x> — 6.2x — 0.4  (b) 81.7 ft/sec

Cumulative Test for Chapters 10 and 11
(page 802)

1. (-6,1,2) 2. (0,
4.3,45 5 (-1.219)

6. (x —22+(y—22+(z—4)2=24

7 : 8. u-v=-38

—-5,0) 3. V149

yz-trace

9. Neither 10. Orthogonal 11. Parallel
13. (@) x = -2+ T7t,y =3 + 5t,z = 25¢
x+2 -3 z
b) “o = =

A149

27

uxv= (18 —6, —14)

12. 12

7 5 25
4. x=—-1+2t,y=2—4t,z=1 15. 75x + 50y — 31z =0
16. < 17. % 18. 84.26°
6

¢ 22.

28. m = —2x;4
29. m = 3(x + 3)71/2

3l. m=2x—1;1
33. -7 34. 3 35.
37. Limit does not exist. 38. —42,875
40. 672,880 41. 10.5 42. 8.13
44. 157 45.3 46.% 471 %

30. m=—(x+3)7%
32. Limit does not exist.
36. 0
39. 8190
43. 2.69
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1

4
24. Limit does not exist.
25, —§  26.§ 27

1
2

19.4 20 -1 21
1

0
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A150 Answers to Odd-Numbered Exercises and Tests

Appendices

Appendix B.1 (page A31)

1. Line plots 3. frequency distribution 5. scatter plot
7. (a) 2979 (b) 0.19

9. X

X X X X
XXX XXXX
XXX XXXX
X X XXX XXXXX X

—+—t— "ttt
10 12 14 16 18 20 22 24
Quiz Scores

15
11. Sample answer:
20 —
Interval Tally 8
[7.100 W Il 2 L
[o.13) O 2] [T
[13,16) T T ] Z .
[16.19) i |ll .
[19,22) | 710 13 16 19 22
Percent of individuals
living below the poverty level
13. Answers will vary.

8000 1 .
Sample answer: As time

progresses from 1995 to 2008,
the number of Wal-Mart stores
increases at a fairly constant rate.

6000 +
Z 5000+
4000 +

3000
2000
1000

Number of stores
~
(=3
=3
o
?
IV s—
2008

Year
15. 17.
12,000 4 | & Women 40,000+
= @ Men ) °
z s 35000+
S —~ 10,000+ 2 °
EZ £~ 30000
£ g 80001 Z 5 250007 °
S8 6000t £ 38 200007 °
S =< 1
2= 20004 8B 15000 °
Ched S 10000+
+ %] i [ ] L]
© 2,000 5000+ e®®
s et I
'N [sal= g e =B <]
Do
=l =Nl -]
SSSSSER
Year

19. The price decreased slightly from 2000 to 2002.
21. From 2001 to 2002 23. About 40%

25. 000 Answers will vary.

g . . :
£ _ now Sample answer: As time
5 g 70,000 progresses from 1998 to 2009,
2 % 68,000 the number of women in the
£ 5 66000 work force increases at a fairly
5 E 64,000
g constant rate.
s} 62,000
z

§EE22¢E

BRSS!

Year

27. 65 29. Yes
31. Answers will vary. Sample answer: A histogram is best
because the data are percents within a year that do not relate to

increasing or decreasing behavior.
25

1]

0

50

33. A bar graph is similar to a histogram, except that the bars can
be either horizontal or vertical and the labels of the bars are not
necessarily numbers. Another difference between a bar graph
and a histogram is that the bars in a bar graph are usually
separated by spaces.

35. Line plots are useful for ordering small sets.

Histograms or bar graphs can be used to organize larger sets.
Line graphs are used to show trends over periods of time.

(page A41)

. measure, central tendency
. variance, standard deviation
. Mean: About 8.86; median: 8; mode: 7
. Mean: About 10.29; median: 8; mode: 7
Mean: 9; median: 8; mode: 7
11. (a) The mean; Answers will vary.
(b) Mean: About 14.86; median: 14; mode: 13
Each is increased by 6.
(c) Each will increase by k.
13. Mean: 320; median: 320; mode: 320
15. (a) Jay: 199.67; Hank: 199.67; Buck: 229.33
(b) 209.56  (c) 202
17. Answers will vary. Sample answer: {4, 4, 10}
19. The median
21. (a) x = 12; 0= 2.83
() x=12; o= 141
23. x =6, v=10, o= 3.16

Appendix B.2

O N =

(b) x =20; o= 283
(d) x=9; o= 141

25.x=2v=3%0=115 2l.x=4v=4 0=2
29. X = 47, v = 226, o~ 15.03
31. 342 33. 1.65

35. x =12 and |x; — 12| = 8 forall x,.
37. The mean will increase by 5, but the standard deviation will
not change.
39. [179,291]; [151, 319]
[203, 267]; [187, 283]
41. (a) Upper quartile: 21.5
Lower quartile: 13

121314 21523
43. (a) Upper quartile: 51 (b)
Lower quartile: 47 46 47 183 5 5

4. 1 - 47. 1. - .

s a5 737041 349 B4

21.8

49, Original design New design

13.05 24.15

10 289 626 852 189 4135 63.95 99.5

From the plots, you can see that the lifetimes of the sample
units made by the new design are greater than the lifetimes of
the sample units made by the original design. (The median
lifetime increased by more than 12 months.)

(page A45)
3. y=0.262x + 1.93

Appendix B.3
1.y=16x+175
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