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Answers to Odd-Numbered Exercises and Tésts  A145
20 (H1]J+l _ 5 2|'_ 1 i 129
101, z‘l 2 =082 103, 2‘1 7 T 6l
105.3 107 -3 1002 Jin. ! '
113. (a) A, = $5100.00, A, = $5202.00, A; = $5306.04,
A, = $5412.16, A5 = $5520.40, A, = $5630.81,

A, = $5743.43, A, = $5858.30

() $11,040.20
115. .

Cost (in dollars)

H
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Year (0 1990}

According to the graph, hospital costs are indreasing.

117,
119.
121.

True
1,1,2,3,5,8,13,21, 34, 55, 89

12,3555 1520 5 5s

144;

$23,661.96 million; the sums are |approxjmately the same.

123. a, increases by 2(n — 1}. The terms seem to be prime
numbers, however, a,; = 121 is not prime.
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T67120" 50407 362,880° 39,916,800
2 L 3 Po~3
129. |1-1 5 0 : 14
-3 -6 -7 -7
[ 10 19 —30 45
131. (a) -2 _5] (b) [ 28 4]
[56 —43 48 —-72
© |48 114] @ [36 12’]
(-1 0 0] r ~4 0
3@ 2 0 4] ®»|-9 -1 —10
1 -1 1] |~2 3 -5
(12 0 -8) 20 4 8]
| 1 21 2] @| 2 15 —4
(-6 -1 8] 1] -6 6
135, —223 137. 664

Section 9.2 (page 635)
1. Arithmetic sequence, d = —2
3. Arithmetic sequence, d = —%
5. Arithmetic sequence, d = §




" AMAB  Answers fo Odd-Numbered Exercises and Tests

7. Arithmetic sequence, d = 0.6
9. 21, 34, 47,60, 73
Arithmetic sequence, d = 13

~ D3 D5E

Not an arithmetic sequence
143, 136, 129, 122, 115
Arithmetic sequence, d = —7
1,4,% 5 2,

Not an arithmetic sequence

13.

15,

17. 15,24,33,42,51; d =9, a,=9n + 6
19. 28305 d=-4a, = ~in+ 4§
21. 5,11,17,23,29  23. —26,—3, 3.4, —38,—42
25, —2,2,6,10,14  27. 22.45,20.725, 19, 17.275, 15.55
29.59 31 —50 33.186 35.4a,=-2+3n
37.4,=108—8 3%.a,=% —3n
4L a,=Pn+% 43.a,=103-3n
45. ) 47. (©
49. 51.
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53. —1,3,7,11, 15, 19, 23,27, 31, 35
55. 19.25, 185, 17.75, 17, 16.25, 15.5, 14.75, 14, 13,25, 12.5
57. 1.505, 1.51, 1.515, 1.52, 1.525, 1.53, 1.535, 1.54, 1.545,
1.55
59. 890  61. 41  63. 4000  65. 1275
67. 25250  6€9. 355  71. 126,750  73. 520
75, 44,625  77. 10,120  79. 10,000
81. () $40,000 (b) $217,500  83. 2340 seats
85. 405 bricks ~ 87. 585seats 89, 156 times
91. True 93, x,3x, 5x, 7x, 9x, 11x, 13x, 15x, 17x, 19x
95. (a) 4,9, 16,25, 36

(b) Sum of first # positive odd integers is n?; 49
© g[l +(@n—-1)]=n

97. 5, + 5t 99.(2,-6,3)

103. 75

101. 20 square units

Section 9.3 (page 644)
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25.

27.

35,
41.

., Not a geometric sequence
13.
17.
21.

1111
L2355 16

a, = 128(3)"

786,432

47.

51.
33.

59.

73.
79.
89,

Z 3745927
43. (@

. Geometric sequence, ¥ = 3
. Not a geometric sequence
. Geometric sequence, r = —3

. Not a geometric sequence

15 Syom 2,20,

3.5, 17.5, 87.5, 437.5, 2187.5
64,32, 16,8, 4; 3

a
243 a
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45, (b)
49,

24

ﬁ' 2000
19. 1, ¢, 2, &,
23. 4,12,36, 108,324; 3

. = 30)

31. 500{t.02)1

33,

39. 50,388,480
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29,921.31

; éls(s)n-l
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-30 8L
(a) $2158.92
(d) $2219.64

55.

31.9375
31.96875

61. 6.4

7. a1

83, 2
(b) $2191.12
(e) $2225.35

32

511

57. 43

63. 209260

69. 2

3 75. Series does not have a finite sum.
85. &

87. %
(c) $2208.04

71,

2
3

25



91
97
99

101.
105.
107.

109,

111,

113.

115.

117,

121

123.

93. $7011.89
(b) $26,263.88
(b) $645,861.43

103. 126 square inches

. $26,050.85
. (a) $26,198:27
. (a) $637,678.02

95. Answers will vary.

Answers will vary.
$39.7 billion

(a) $5,368,709.11

{c) $21,474,836.47

False, Any arithmetic sequence can be used as a coun-
terexample.

(by $10,737,418.23

True. It is an arithmetic sequence with d = 0.

g 16r 32 640 [28¢¢
>3 97277 8l

272" 2 2 2
4096x°
243

13,122¢™ 119.

B N SR )

i
Horizontal asymptote: y = 10
Comresponds to the sum of the series

Divide the second term by the first to obtain the common
ratio. The nth term is the first term times the common
ratio raised to the n — 1 power,

125. 45.65 miles per hour 127, 2.4 hours
2 6 -8
129. [_gg *ﬂ 131 (12 4 -20
- 4 2 10

133. 364 135 &

Section 9.4 (page 654)

1.

5 5 ot 170 + ap2
&+ Dk + 2) ’ 6

S.1+6+ 11+ -+ Ek—4)+ Gk+1)

7.-35, Answers will vary.
39.
41.

37. 10, 40, 160, 640, 2560
0,2,2,6,10

2,0,3,1,4

First differences: —2,3, =2,3

Second differences: 5, —5,5

Neither

Answers to Odd-Numbered Exercises and Tasts A7
43. -3,6,-12,24, —48
First differences: 9, —[8, 36, —7
Second differences: —27, 54, — 108
Neither
45. 2,4, 16, 256, 65,536
First differences: 2, 12, 240, 65,280
Second differences: 10, 288, 65,040
Neither
47. 0,4, 10, 18, 28
First differences: 4, 6, 8, 10
Second differences: 2,2, 2
Quadratic
49.0,—1,-2,-3,—4
First differences: —1,—1, ~1, —[1
Second differences: 0,0, 0
Linear T
5La,=n-=2n+7 Shao=2-5n+3
55, False. The first differences are all the same.
57. Answers will vary.  59. (7,5) | 6L (=41}, (2,4)
63. (1,2,1) 65, (—1,2,4) 67, 38
69, 4x* —4x? + 1 71 —64x* + 240x2 — 300x + 125
Section 9.5 (page 661)
1. 21 3.1 5. 15,504 7: L4 9. 4550
11. 4950 13. 35,960 15, 497,420 17.1749,398
19. 21 21 36 23 4 dxd Hex2 A+ 4r 4+ 1
25, @® + 94% + 27a + 27
27, ¥ —By* + 24y — 32y + 16
29, &5 + Sxty + 10272 4 10x%3 + Spyt + 55
31 5+ 1205 + 607752 + 160752 + 240#2s* + 192755
+ G456
33, 2% = Sxy + 10632 — 10227 + Sxp% — 55
35. 1 — 12x + 48x2 — 64
37. 2% + 2065 + 150x% + 50052 + 625
39.$+i—f+123i+%”3f57y4+f ~ T
41, 2x% — 2453 + 113x2 — 246x + 20
43, —4x® — 2455 — 60x* — 8323 — 4252 — 60x +|20
45. 24315 — 405145 + 270t352 — 906253 + 15454 —| 55
47. 81 — 216z + 2162 — 96z% + 1624 49. 3,247,695
51. 180 53. —489,888 55, 21
57, x% + 202 + 150x + 500x1/2 + jzs
59, x2 — 33 4 32528 —
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61.

63.

65.
73.
75.

71.

79.
§1.

83,
87.

89.
91.

93.
99.

Answers to Odd-Numbered Exercises and Tests

I+ 3xh+ R R#0

Jrx+h - \/.1_1: - 1
h Jr+h+ S
-4 67. 2035 + 828i 69. 1

510,568.785

NN
V]

g is shifted 6 units left of f.
glx) = x* + 18x2 + 104x + 192

h#0

71. 1.172

i g

AT

~2

£ is shifted 2 units right of f.
gy =—a2+Tx—8
(@) 792 ()36 (o) 792

-5

) 12

plx) is the expansion of f(x).
0273 85, 0.171
(2) g() = 0.0348:2 + 5.8043¢ + 95.588

®) =0

!

0 " " " 16

False. The correct term is 126,720x%%,

The first and last numbers in each row are 1. Every other
number in each row is formed by adding the two numbers
immediately above the number.

n + 1 terms 95. and 97, Answers will vary.
g(x) is shifted 8 units up from f{x).

101.

103.

107.

Section 9.6

1. 6
13.
19.
21.
27.
33.
39.
47.

g{x) is the reflection of f{(x) in the y-axis.
-2 -1 -3 6 11 15

g 1] 4 105, [ =30 -2 =16
-1 -2 7 13 10 -33

9 11 12 *
-13 =25 -5 109 [‘; _g]
| -5 -18 -6

(page 671)

5 3 7.9 9. 192

15. 12 17. 6,760,000
(b) 648 {(¢) 180 (d) 600
23, (a) 720 (b) 48 25, 24
29. 120 Al.n=5o0rn=06
27,907,200 35, 197,149,680 37. 4845
120 41. (a) 16 (b) 14 43. 420 45, 2520

ABCD, ABDC, ACBD, ACDB, ADBC, ADCB, BACD,
BADC, CABD, CADB, DABC, DACB, BCAD, BDAC,
CBAD, CDAB, DBAC, DCAB, BCDA, BDCA, CBDA,
CDBA, DBCA, DCBA

3.5 11. 18
3,628,800
(2) 900
64,000

336

49. AB, AC, AD, AE, AF, BC, BD, BE, BE, CD, CE, CF, DE,
DF, EF

51. 4845 53. 3,838,380 55. 75,287,520 57. 36

59. (a) 495 (b) 210 6l. (a) 70 (b) 54 (c) 16

63. 5 65. 20

67. False. Order matters in a permutation.

69.
71.

73.

75.

83
87
89

False. P, = C ifr=1lor0.

+F, Tepresents the number of ways to choose and order r
elements out of a collection of n elements.

{(b). Numerous permutations can be made from each com-
bination.

and 77. Answers will vary. 79. lﬁ" 81. 8.32
. (6,-13) 85 (-3,4)
. x5 — 6x5 + 15x* = 200 + 1522 — 6x + 1

. 81x* — 1083y + 5452 — 1207 + y*

Section 9.7 (page 682}

1

19,

{1, (1, 2), (#,3), (H, 4}, (4, 5), (H, 6),
(T, 1), (7,2, (7, 3), (T, 4), (7. 5), (7, 6)}

. {ABC, ACB, BAC, BCA, CAB, CBA}

. {(A,B), (A, ), (A, D), (A, E). (B, C), (B, D),
(B, E), (C,D), (C, E). (D, E)}
9, g4 18z 18

21. 23,2 2503 27

(=t Ll - =1L
A= -]

wpy B



29.
33.
35,
37.
39.

(a)
(a)

41.
43,
47.
49.
51.
53.

@
(a)
(@)
@
(@

(a)
55, (a)

57.
- (a)

(b)
()
(d)

(&)

0.85 -
(a) 78,000 (b) 0.3

0.1024

A %
(©) 0.37

() 0.004

© 5

(d) 0.1

0.58

672
1254

) 0.956
) 25

P({Taylor wins}) = 1
P({Moore wins})

= P({Perez wins}) = 3

2 225 49

207 (b) 6l 0.348 (C) ¥y = 0.152
I M3 S@p ©x

0346 (b} 0.0000029
¥ O ©of

P ®I O

09702 (b) 0.9998 (c) 0.0002
1 4096

11,529
15655 P Tses @ 15625
59. % 61 True

As you consider successive people with distinet birth-
days, 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.

365 , 364 363 . 362
365 * 365 " 365 365

Answers will vary,

2L ~ 0.016

@ 3

(2, is the probability that the birthdays are not distinct,
which is equivalent to at least two people having the
same birthday,

e {10 |15 |20 |23 |30 (40 |50

P, [ 088075059 | 049029011 | 0.03

0.12{ 0.25 | 0.41| 0.51{ 0.71 | 0.8 | 0.97

69, x =

67. x=—10

75.

2

ii%Nfz

77. 15

N\
79. 165

Answers fo Odd-Numbered Exercises and Tests  A149
Review Exercises (pagd 688)
185458 3598322 s 72361232
7. % |
-] -1
!
i .
= 1
L ...O".'. -:.
[ o o
oo"""""n oo"'.“‘ et 11
M3 131 1530 17.|2  19.|6050
20 L 9 k
21. 418 23, kz,ﬂ 25, g‘l i1
7@ ®F 2038 o0l
3L. (a) a, = 2550, 4, = 2601, a, = 2653, 4, = 2706.10,
= 2760.20, a; = 2815.40,"! a, 287170,
= 2920.10
(b) $5520.10
33, Arithmetic sequence, d = —7 ‘
35, Arithmetic sequence, d =5 37. 3,7, 11, |5, 19
39. 1,4,7, 10, 13 r
41. 35,32,29,26,23; -3 43, 9,16, 23, 30, 37; 7
a,=38—3n a,’=2+"n
45. a,= 103 — 3n; 1430 47.80 49, 88
51. 25250  53. (a) $43,000 (bi $192,500
55.4,-1L%-ta 57 96,45 %809 -4, -5 18
59. 120,40, %, 2, 5% 61. 25, —15,9, %, &%; -3
a, = 120(3)""" a, = 25(~3"T
63. a, = 16(—3)"""; 10.67 | '
65. a, = 100(1.05)"~%; 3306.60 67. 127 |69 3277
71. 1301.01 73, 2485  75. 548645 7. 8
79.12 8L (a) q, = 120,000(0.7)'; ~(b) $20{168.40
83. $3909.96  85. and 87. Answel:'s will vary.
89, 465  91. 4676 |
93. 5, 10, 15, 20, 25
First differences: 5,5, 5,5
Second differences: 0, 0, 0
Linear model
95, 16, 15, 14, 13, 12
First differences: —1, —1, =1, —11
Second differences: 0, 0, 0 !
Linear model !
97.45 99, 126  101.20  103. 70




A150

105.
107.

111,
119.
123.

125.
129,
133.

135.

137.

139.
143.

145.
147,

Answers to Odd-Numbered Exercises and Tests

a® — 15a*p + 90a’p? — 270a%p> + 405ab* — 2435°

f—;+%+3x2i+m3+y4 109. 41 + 840
10 113,48 115, 5040  117. 3,628,800
15504 121§

P((3)) = §

P{(1.5).(5,1), (2,4}, (4.2, 3, )N = %

There is a higher probability of relling a 3 with one die.
(a) 0416 (b) 0.8 (c) 0.074 127, 0.512

& 131 True

(a) Odd-nambered terms are negative.

(b) Even-numbered terms are nagative.

(a) Arithmetic, There is a constant difference between
consecutive terms.

(b) Geometric. Each term is a constant multiple of the
preceding term. In this case the common ratio is
greater than 1.

Each term of the sequence is defined using a previous

term or terms.

@ 141. (b)

i | 100 | 500 1000 | 5000
2.704 | 2.7156 | 2.7169 | 2.7180

n o 10,000 | 15000 | 20,000 | 25,000
a, ] 271814 | 2.71819 | 2.71821 | 2.71823

a, approaches e.
0 < P < 1;closed

Meteorological records gathered over an extended period
of time indicate that under similar weather conditions it
will rain 60% of the time.

Chapter Test (page 694)

1.
4.

" 6.

10.
13.
17.
22

1,-23 L1 2 12,16,20,24,28 3. 7920
a,=5100 — 100n 5. a, =43}’

12 2 7

il ., 3825 8. 189 9. 28.80

2 11. $47,86833  12. Answers will vary.
84  14. 1140 15, 8568  16. 780
56  18. 26,000  19. 12,650 20, & 21, %

@k Ol dad

Chapter 10

Section 10.1  (page 701)

L (&) 3. @) 5 (2)
7. Vertex: (0, 0)
Focus: (0, %)

Directrix: y = —3%

11, Vertex: (0, 0)

Focus: (0, —%

X 1IN

Directrix: y =

15. Vertex: (-3, 2)
Focus: (—%, 3)
Dirgctrix: v = 1

¥

9. Vertex: (0, 0)
Focus: (— %, 0)

Directrix: x = 3

3
¥

4+
34

e e
4 =5 -4 -3 -2 -1

rat

13. Vertex: (1, —2)
Focus: (1, —4)
Directrix: y = 0

¥

L T I 8
—
——

¥

[ 12345

17. Vertex: (1, 1)
Focus: (1, 2)
Directrix: ¥y = 0

}
=2




19, Vertex: (-2, —-3)
Focus: (—4, —3)
Directrix: x = 0

23. Vcnex:(%, -%)
Focus: (0, —é]
Directrix: x = %

21, Vertex: (—2,1)
Focus: (—2, —%)
Directrix: y = %

25, y=~/-6x 2T.y=3x* 29, xt=—6y
3. y*=—-8x 33 xt=dy 35 3= -8
7 y2=9 39 (x—-3=—-(y—-1)

41 y2 =2+ 2)
45. x2=8(y — 4)
49, 5

43, (y — 22 = —8(x — 5)
47. (y — 2)2 = 8«

A

(2,4)
51, &x—y—8=0; (2,00
55, w0

[

About 106 sales

53 4x—y+2=0;(-10)

Answers to Odd-Numbered Exercises and Tests

57.y =151 59, (a) x> = —640
61. (2) 17,500/2 miles per hour
(b) x2 = —16,400(y — 4100) !
63. @) y=—Z2+75 (b) 69.3 feet
65. False, If the graph intersected the directrix,

exist points nearer the directrix then the focus.

67. £1,+2,+4 69, x5 21,42, 44,48 +1
1

Section 10.2  (page 710)

L® 3. 5@ '

7. Center: (0, 0) 9. Center: (0, 0)
Vertices: (%5, Q) Vertices: (0, 3
Foci: (+3,0) Fdci: (0, +2)
Eccentricity: % Eccentricity: %

A151

(b) 8feet

there would

11. Center: (—3,5)
Vertices: (—3,0),(—3, 10) ‘
Foci: (—3,8),(-3,2) '
Eccentricity: % I

¥

0
8
5+
4
2

-8 -6 -4 -2 2 4
-3+

13. Center: (—35,1)
Vertices:

EOSY

Foci: (—5 + ﬁ 1) 76 -5 -4 32

2

1
'
]
|

¥

a4+

14

24

. ; -
1 |

24

-3+

v .

Eccentricity: %




A152

15,

19, Center: (—§ 2)

21.

23,

25.

Center: (—2,3)

Vertices:
(~2.6),(—2,0)

Foci: (—2, ik \/5)

Eccentricity: %

2’2
. { 35+43
Vertices: ( > 2 )

Foci: (——,5 + ZJ_)

Eccentricity:

Answers to Odd-Numbered Exercises and Tests

17. Center: (4,3)
Vertices:
(—6,3),(14,3)
Foci: {4 + 4./5,3)

25
5

/6 %

Eccentricity: 3

Center; (1, —1)
Vertices: ( =1
Foci: (— 1),(

bk -1
L-1)

Eccentricity: %

Center: (0, 0)

*

Vertices: (0, +./5 )
Foci: (0, /2 ) -5

Center: (%, = 1)

Vertices: (3 + /5, —1)

Foci: (1 + /2, 1) E

27,

.

35.

37,

39.

43.

47.

53.

57.

i
AT
x2 y2
il
x-29
1 9
(x + 2)2
% 9
G-, (-4F
O
. Z
{x~—3) "

1 29,

9 16

(p—3F

(pzoP

8 e
T

1

400 " 25
s 2
=30

1

¥
43 64

16 12

49, (£./5,0); 6 feet 51 40

55. Answers will vary.

59.

- A)2
=1 At al=2E

1

(-3.-v7)
61. True 63. False
65. (a) A = ma{20 — a)
xz yz _
®) 15t 36=!
<
© a |8 9 10 11 12 13
A | 3016|3110  314.2 | 311.0 | 301.6 | 285.9
= 10. Circle
(d) e
1] i 24
a
a=10
67. Geometric  69. Arithmetic  71. a, = —3n + 3
73.a,=9 75 547  77. 340.1545




Section 10.3 (page 720)

L® 3@

5. Center: (0, 0)
Vertices: (£1, 0)
Foci: (:I:Jf, 0)

Asymptotes: ¥y = +x

7. Center: (0, 0)
Vertices: (0, +1)
Foci: (0, =5 ]

Asymptotes: y = :I:%x

9. Center: (0, 0)
Vertices: (0, £5)
Foci: (0, +/ 106J

Asymptotes: y = :tgx

11, Center: (1, —2)
Vertices: (3, —2), (-1, —2)
Foci: {1 + /3, —2)
Asymptotes:
y=-2+ %(x -1)

13. Center: (2, —6)
Vertices: (2, —5), (2, —7)
Foci: (2, -6 % \/5)
Asympiotes:
y=—6%x(x—2)

Answers to Odd-Numbered Exerc}.ses and Tests

1s.

17.

19.

23.

27.

31.

35,

39.

43.
47.
53.

Center: (2, —3)

Vertices: (3, —3), (1, —3)

Foci: (2 + /10, -3)

Asymptotes:
y=-=3%3(x—-2}

The graph of this equation is
(=1,-3).

+lo lines in|

.

}

2T i

\

A153

fersecting at

]
=61 1
Center: (0, 0} 21 Center: (1, —3)
Vertices: (i\/g, 0) Vertices: (1, -3+ J-i]
Foci: (+ /5, 0) Foki: (1,-3 +2./3)
8 2
:/ -8 'll::‘:’;”,]-:’_"’:é- 10
| | \\-:, | I | 12 | -—.::a.‘.: -
N | N
-8 ‘ =10
[
y2 a2 X2 oy |
= L= -
i 12 il
17y 17x% _ (x—4)7 2 _

024" 6 0 BT T
(=92 =P | _ser2?_
16 9 9 5

(-2 2 _ (c—pP _(y-2p
7 i 1 37. l; I =1
-3 (y-2P

9 4 ;
(12(/3 — 1), 0) = (14.83,0) i 45. Ellips
49. Hyperbola Tl. Circle
False. 5 = 0 yields an undefined

Parabola

erm, For thef

1 41. (3300, —2]50)

trivial solu-

. ; P |
tion of two intersecting lines to occur, the standard form of

the equation of the hyperbola WOl:lld be equal
— B2 — ) Iz -
o8P G-k, GOk

0 zer0.
2

a2 b2 a‘ﬁ b
|
|
|
|
|

0.



MB4  Answers to Odd-Numbered Exercises and Tests

55. Answers will vary. 57, 3x%2 + 3x — 2
.2+ 2y +yr+6x+6y+9 6l (x+ 7P
63, x(3x+2)(2x—5) 65 (4 -2+ 1)

Section 104 (page 729)
L (2,0 3 (3(V3-6.301+6/3)

5 OF G &Y 67
‘o2 2 T1/3 15

19.

21.

.......

I N

-8 b

8= 26.57° 8 =3172°
23, (©) 25. (b) 27. ()
29, (a) Parabola

24x + 40 £ /3000x + 1600
by y =
18
(©) }

-2

31. (a) Ellipse

(b y

(c)

_ 8 = /—356¢% + 1260
14

4

AR
W/

el

33. (a) Hyperbola

by ¥

(c)

10k .). [ e

_ 6x+ /567 + 80z — 440
-10

)

e

—

35. (a) Parabola

) y

(c)

=—4x+l:t\/72x+49
. 8

o (r—

AN




Answers to Odd-Numbered Exercises and Tests  R155

37. 39. (c) 2 !

¥ ¥
3 a4 \ |
Y S A W

R 3 -§_Ki2\; >
_1--
3 y=2-x
_3_\ ¥

41, (2,2),2,4) 43 (—8.12) 45 (0,8),(12,8)
47. (0,4) 9. (1,/3),(1,-3) 51 No solution /
53, (—3,0), (0, %) - —i = x I
55. True. The discriminant will be greater than zero. 2 1 "\
57. Answers will vary. N
A 24

The graph is an entire parabola rather than just the
right half.

11. 13. 1,

Ed

sol2 Jolg el o\

3 3
| -2
12 -6 15 %
65. () [45] M |—16 8 ~20: () Not possible y= —4x y= %'T -3
20 -10 25
15. . 17.
67. 688,128  69. 53,760 ;
N 5 -
Section 10.5 (page 736) L
174
L 30 5@ 7.0 o1
9. 1
@ Tol1]2 3 4 i1
} } } b 4 t x 14
o] 1] 1414|172 |2 N B HCR
2N i salssrs
y|l2]|1]0 1| -2 y = 1622 oL (e op
(b) y 19. y 21, y
.
24 10 H T
% /--""
.1 N
+ 4 t } x 44 i +—t =—t + x
2 -l 1\ 2 \\/ eI CEN! |7 4
-14 , i
i RN B P I —
-24 -1




A156

Answers to Odd-Numbered Exercises and Tests

23 25, 53.
¥ b4
10+ 3
LR 4 8
LR S k|
74 2
64 1 /
s+ —t ——————>-x
41 -2-1 23435678
3t -2
24 -3
1+ —
-5
—2-1 12345678
y=eg M= x3 x>0 y=Inx
27 19,
4 1
/—r\ | O a
H- o
s -3
31. 33

35,

37.

39.

41,
45,

49,

b
1

N
/

Z
N

12 2

-8

-8

Each curve represents a portion of the line y = 2x + 1.

-4

59. (a) x = (146.67 cos )t

35. (b)

¥y =3 + (146.67 sin 6)r — 1612
{b) x = 141.7¢

y =3+ 38.0r — 1642

30

No

a

(© x=135.0¢

y=73 + 57.3t — 16¢2

&0

Yes

0

57. (d)

63. Only the direction of the curve would change,

73. =29.6532

Domain Orientation (d) About 194°
(a) (—oo, o) Left to right 61, True
®) [-1,1] Depends on 8 65. x=3+ /5
() (0, o) Right to left 11,935
() (0, o) Left to right 69. 18,500 7L —— 7=

wdr =R .

Yon=pT x; (x — x;) Section 10.6 (page 743)
(-h? (b —R?_ . i 6.4 V2 V2

az + bz —_ 1 ] {0’ ) 3' 2 1) 2
x =5 43. x =2+ 4cos @ 5. g
y==—2t y=1+4sin# (42_:;

3
x=25¢cos0 47. x=1, y=3t—-2
y=3sind x=8,y=33-2
51 ’ - \-‘)—?z 0
10 4 \\j
415 -6

67. x = £/9 + /63, /9 ~ /63



Answers to Odd-Numbered Exercises and Tests  A5T
7. X 17. B 19. x
2 3 2
f 6% I !
1
(5, f_r)' (_5‘ .4_13), (_5, _2_77) 0.0 0, 32)
3 3 3 21 .
9. . 2
Ve § i
»
N «=
\kaz 5 o I 2 3
t
(—1.004, 0.995)
(_\/g M) (f _1‘!{) (_J' _E) 2. (-2, V2) 25 (—1.204, —4.336)
1 6 ¥ L] 6 T L] 6
27, , 29 ,
1L 4 .1
4 1
3l 2
2T 1+ o
..'_|_._|_|_|_'_,..+_,I 1 — } X
o 98 =F-§5 -4 =3 -2 -1 _.‘1“" =3 1=2 ‘i-z-- 2 2
:i 1 i 2l
-4
5+ =27
5
AN 2732 5L , - ,
13 r 15 £
F) 2 LS 34
T * 44 a4
3t 1
L] 2T 4 + .' L £ 4+ x
? 4 6 — A R T s -!*l" 17
J e -
-| -1t -t
—~ 57 T
(5,2.214), (-5, 5.356) (46, —).(—JE. —)
e-249) (£) A




A58  Answers to Odd-Numbered Exercises and Tests

35,

(2/13,0983), (-2/13, 4.124)
37. (V13, —0.588)  39. {/7,0857)

41, (¥, 0.490)

43. (5,—’21) 5. r=7 () r=a
47. (@) r=2acos & (b) r = 2asind
49. (a) r= 12secd (b) r='asect

51. (a) r® = 4csc fsec § = osc 28

(b) 2 =7 csc Bsec 6 = csc 26
53, (@ r=tan*@secd (b) r=cot?Bcsch
55, x2+y2—4y=0 57. S3x—3p =0 .
592 4y2=16 6L y=-3 6% (2hyP=x
65. (2 +y)2=6xfy —2F 67 yP=2ux+1
69. 422 — 592 — 36y — 36 =10

71. The graph is a circle centered at the origin with a radius
of 324+ y2 =9,

—f 4

i

73. The graph consists of all paints on the line that make an
angle of 7/4 with the positive x-axis; x — y = 0,

75. The graph is not evident by simple inspection; x — 3 = (0.

-2 -l 12 a
-1+
-2
3+

77. True. Because r is a directed distance, (r, §) can be repre-
sented by (—r, 8 £ (2n + D)), s0 || = |—7].

79. (a) Answers will vary.
(b) The points lie on a line,
4= SFFF =T = In - rl
©) d= m (Pythagorean Theoremt)

(d) Answers will vary. The distance formulas should give
the same results.

81. 2,3)- 83. 525 85 175000
87, — 101,376
Section 10.7 (page 752)
1. Rose curve 3. Circle 5. Rose curve
¥ = E S} E
7. Polar axis 9, 0= 5 11. 8 >
w i
13. 6= o polar axis, pole 15. Pole
; 37
17. Maximum: |r| = 20 when 6 = ER
Zero: r = 0when9=g
F T 2T
19. Maximum: |r| = 4 when 8 = 0, 337
Zeros: r = O when 8 = —, = iy
' 62" 6
21, & 23, x
2 2
l&;ﬁ o RS e T




Answers to Odd-Numbered Exercises and Tests M50
25. . 43. 4. |
z 10 ] -]
E ! \
~15 [ty CD """" 15 ~|4‘C“ tasda
0 -1; -6
1 P |
08«2 0 8«27
29, . 47. 49.
F 1 2
/!
‘ et Lk
. / ; | A —
12 C
- ; =
0$6<%T —2r 2 0 <27
33. 3s. !
: - 51 53, |
£ z I
2 2 2 12
-3 £« I M E... _______
: -0 -0 BT S, o 12
) _“-
0£0<m 0s 8<27
37. 55, 52
4 5
[ ™
. F \ ..... . (— )
\_J e
o i =
0<6<2m 0 él 8 <27
59. 61, |
39, 41. . .
4 4 i
7N\ : ]
f\ /—\ -3 3 -3 T a
&) o7 T o,
[ N -
\ 1 / [ i g
-4 =4
-10r < @< 107 0<f<m 0% 8<dn Ose<§




A1B0  Answers to Odd-Numbered Exercises and Tests

63.

65.

67.

69.
71.

73.

75.

Y (- |/

\ | > Y0 N T R |
i1 L L/

k = O: circle k = 1: convex limagon

W

False. When the coordinates are substituted into the equa-
tion you get & = 4, which is a false statement.

—4

False. The rose curve will have 5 petals. k = 2: cardioid f = 3: limagon with inner
Dop
(a)
79.2,5.8,11, 14;d = 3;a, = —1 + 3n
81. 150,132, 114, 96,78;d = —18;a, = 168 — 18n
o i 83. 840 85 7860 87, %
Section 10.8 (page 758)
1. 3.
(&)
|e=1‘01 . |e:l‘5| e=05| , |e=10
S ‘/
-8 9
-8 lis | TR A
¢=0.5 \
; Vi
() - “*le=15
5. (b) 7. (d) 9. Parabgla 11. Ellipse
13. Ellipse 15. Hyperbola 17, Hyperbola
12 12 19. \ 21. B
-3 o 3
r=6(l +Sin8) _G/K-.u L4 15
¢ rotates the graph around the pole. [
(a), (b), and {c) Answers will vary.
-4 =10
{(a) r=4 sin(ﬁ - %T) cos(ﬁ - g) Parabala Ellipse
23, 25,
(b} r=—4dsinfcosh 15 4
) [
) r=4 sin(ﬂ - ?ﬁ) cos(ﬁ - 2?”) i Y S TN i g
(d) r=4sinfcos o " R, )
-5 -5




1 1
27'r—l—cost? r_2+sin9

2 2
A= D eos 0 Bor=T"a

16 9
B s i swme
39. Answers will vary.

7

4L 5o 22931 x10

"1 - 0.0167 cos 6
Perihelion: 2.14035 x 107 miles
Aphelion: 9.4509 x 107 miles

7977.2
BT = 0037 cos 8
11,008 miles
45, False. The equation can be rewritten as
po 43
1+ sin f

Because ep is negative, you know that e is positive and p is
negative and that p represents the distance between the
pole and the directrix, so the directrix has to be below the

pole.’
24,336
. 2 = ¥
47. Answers will vary. 49. r 169 — 25 cos? @
51, 60 53. 90,720 55, 220 57. 720
Review Exercises (page 761)

Answers to Odd-Numbered ExercT
|

25, Center: {1, ~1)

es and Tests  A161

Vertices: (5, —1),(~3,-1) 1 4}
Faci: (6, —1),(—4,-1) “\.\ i S
w24 .
Asymptotes: R AN x
-6 2
y=—1%3x-1) by A S A
"’-4" \“\
)"’ -64_ \‘\
M

27. Center: (3, —5)
Vertices: (7, —5),(—1, —5)

Foci: (3 + 2.5, —5)
Asymptotes:
y=-5£3(x-3)

29, 72 miles 31. Ellipse
C30 S 620 (x’J P
33. 3 8—-1 35. 3,|+2_1
¥
y‘\ 3 /x
%] 24 e
x X,
1% X
33 -1’ \,i b 3
pR 4
I“ —2 "\
-1

37, (a) Parabola

8r — 5 + /(8x — 5PF — {162 — L)

® y= 5
}

1. Hyperbola 3. (x —4)2 = —38(y — 2)
S (y—2P=12x 7T 2Zx+y—-2=0; (1,0
fe—2P2
9. About 19.6 meters 11. 7 + " I
_ 2
13. & 42) +(y—1)*=1 15, 3 feet atop the pillars
17. Center: (1, —4) 19. Center: (—2,1)
Vertices: Vertices:
{1,0),(1,-8) (=2,11), (=2, -9)
Foci: (1, —4 = /7) Foci: (—2,1+ /19)

21.

Vi

Eccentricity: e

e +20  (y—3)2
64 36

I

V19

Eccentricity: o

- 4)? 2
23, 5(x - 4)? _ sy

i6 7k

{c}

-5

/i

39. (a) Parabola
b) y =

—(2x - 2v2) £ J(2x - 2. /3p

-0

—4{2 + 2 /3x + )

2




A1B62  Answers to Odd-Numbered Exercises and Tests

(c) 15 61.

41. (—10,12) 43, x=3,y=0 45 x=

47. .

—_ ok W A
—t 1
—t—

|||||

X2+ y? =36 -yr=1
55. x=—-3+4dcos @
y=4+ 3sin@ 7
5/3 5
57. ( 5 ,2) 0, — 12}

! m (g 37 _5./3 3% ki
; /—"\ s 69.( 9,2),(9, 2) 71.( 5V, 4),(5J§, 4)
k"/ 73 1+ y2 =25 75, x% + yt = 3x

77. (P + P -2+ 32 =0

79, 4x2+ 32 —4dy—-4=0 8lL.r=3
3 83, r=06¢cscf® 85 r=4cosf@ 87 rP=3secOcscd
89, 91,

59.

= 13




93.

97.

95.

ot SIE]

99.

Answers to Odd-Numbered Exercises and Tests

105.

ral:a
[XTEY

8%
N

N

& Symmetry: Pole, polar axis, and Ithe line § =|—
1
Maximum: || = 1 when § = 0, o, 247

Zerosofr:whenﬂ:"_r3_"751r7_1r

(A

101.

103.

' 1 ;
Symmetry: Pole, polar axis, and the line § = %r T / 0 \ {i

Maximum: |+{ = 3 when 8§ = 0, 12—1-. m,

! x
Rose curve with Straight line, y = 4 — x z Fl

four petals

2 4 6 8Jio 12

ii Mln

Symmetry: Polar axis
Maximum: |r] = 9 when 8 = 0, 27

Zeros of r: None

n
2

7 3% S Iw

Zeros of r: when 8 = —, —, —, —

)

s 44’41 4
N 107. Limagon 109. Limagon
|
2

111, Rose curve

=
2

2343

115, Parabola

3w 1
3 2

A163

2 4fs
T —+— v
19 15 20



168  Answers io Odd-Numbered Exercises and Tests

119. Ellipse

[EY

A
D

Vertex: (3, 0) Vertices: {0, 0), (4, 0)
) 555 5 Focus: (3, —1) Foci: (2 + +/3,0)
121 p=16 0.0 "' T 3 2cos 0 5 (y+2P=8(x-6)
1.512 ¥
128 r = 0002 cos 6 i
Perihelion; 1.3847 astronomical units
44
Aphelion: 1.6653 astronomical units /
127. False. The following are two sets of parametric equations - e B
for the line. i
x=t y=3-—-2 ik
x=3, y=3—-060
. . 2 — 2 B
129. (a) Vertical translation G+6F (=32 ¥
(). ’ 6'16+49 17.941
{(b) Horizontal translation ;
o : 8. (a) 45° 9. No solution
(c) Reflection in the y-axis o

{d) Parabola opens more slowly.

131. 5: The cllipse becomes more circular and approaches a
circle of radius 5.

Chapter Test (page 766)

1. G Vertex: (0, 0)
A Focus: (2, 0)
2T 10, ¥
+ + } - x i
-2 2 4 6 1l
2 24
14
-4 o
=1 1
Frc
2. Vertices: (3,12), (3, —8) a1l
Foci: (3,2 + /19) i
2
S S
. 1. x=t+4y=2—4
. ) YTy
vy Sipees
+ y 2

(Solutions are not unique.)



12. (~7,73)

13, (2J§, %”) (—Ni, %’) (24’:7. -

4. r = 12sin @

7)
4

15. 16,
x r
2 2
(1]
5 10
(1]
2 4
Limagon Rose curve
17. . 18 r=—7>
\2/ 1+ 3sing
— =N ———f0
RN
Hyperbola
19, = —34478.231
“ " T 1+ 02056sin 0
Perihelion: 28,598,400 miles
Aphelion: 43,401,600 miles
Cumulative Test for Chapters 7~10
(page 767)
1 (4-3) 23 -4-)
[ -7 -10 -16 -18 15 -14
3. -6 18 9 4| 28 11 34
[~12 16 7 -20 52 -1
"3 -31 2 5 36 31
5122 18 6 6.({—36 12 —35
52 ~40 14 16 0 18
-175 37 -13
7. (@ 95 —20 7| @®1
14 -3 1
8 @4,-2,1 9. 22 square units 10, 1110
1. 135 12,2 13, =34480 14. 80 15, 3685

16. Answers will vary,

Answers to Odd-Numbered Exercises and Tests

17. x5 — 12x3y + 60x%y? — 160x%° + 240x%*

~ 192xy% + 64yS

18. 151,200
19, Hyperbola

—_—

-0 -5 5
5

0 15 20

21, Hyperbola

25

26.

4/5
27.

(y—27

3()’"3)
NI | T

4

I
16/5

]

1

g ||||r-r.v(“

7

/

# =~ 38°
28.

—

©, 6), (12, 6)
29, y

20. Ell

A165

pse

4 T6/3
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30.

N

N

,_._
[

AN
\>

o~
|
N
|
[P
=[3
o
o

33, ;
7N
yz 3
(2 -4
(286~ %)
34, >

r=8c059+3sin6

35, 9% — 16y + 205 + 4 =0
36. 3.

ralw

Circle
a8,

[

F
2

Dimpled limagon

Limagon
14
39, r= m 40, 1365 41. 156,238,908
421
Chapter 11
Section 11.1  (page 775)
1 A:1(—-1,4,3), B:(1,3,~2),C:(—3,0,—2)
3. z 5.
5T i
41 N |
e \, . ,
i A ¢-12.1 -5 ‘."/’;;1 [ 12 3
r3 1 ; z ‘-J.J e {r I,IJ 2 -
2 A 3405 r’.l’_“ :3‘_
3 1%
42 af 1 -4
7 s 522 3T
7. (—3,3,5) 9, (12,0,0) 11, Octant IV

13.

Octants I, II, I, and IV

15. Cetants 1L, IV, VI, and VIIT

17, V29 units 19, 2+/38 units
23, (23 + 32 = (V29)?

25. 6, 6, 2-/10; Isosceles triangle
29. (1,0,5.5) 3L (2.5,2,6)

L

21. /110 units

27, (0, 1,7

33, (x—32+(y—-2P+(z—4Pr =16

3B 2+ {y—4+ (-3 =9



Answers to Odd-Numbered Exercises and Tests  A167

G+ + -+ (-5r=25 5. (a)
3. (x—Pryr+-3p==2
41, Center: (2, —1, 3); Radius: 2
43, Center: (—2, 0, 4); Radins: 1
45, Center: (l, %. 4); Radius: 3

47. 49,

Aty
,0,0)
dhy
. 33
13. /74 15../34
1 1
17. (a) —=(8i + 3j — k - 8i + 3§ — k
(a)ﬂ(l i~k O \/?_4(1 § — k)
19. (—26,0,48)  21. 1./305
2/13 913 12J1§> .
23.( 3 & 6 25. -4 270

53. (3,3,3)
55. False. z is the directed distance from the xy-plane to P.
57. 0;0;0 59. A straight line or the xy-plane

29, =124.45° 31. =~100.92° 33. Parallel
35. Orthogonal 37. Not collinear 39. Collinear

) 3J/14
61. (7,16,12) 63, (x + 2).= —20(y — 3) 4. (3,1,7) 43 (6. g -%) 45, imT—{
2 (=3P _ (y—5° (-3¢ _ .
. 5t s~ g 5= 1 47. (0,2v2,2v/2)  49. 1091 pounds 51! True
Section 11.2 (page 782)
1 (a) -2,3,1)

(b) Answers will vary.

cha=5b=1
(d) Answers will vary,
_ T /3 /3 55. The angle between v and v is an gbtuse angle,
3@ 4449 ®43 © (i, 3 %)




M68  Answers to Odd-Numbered Exercises and Tests

57. ; 59. , 6.
10 64
§ "
FER
x It
2.-
0 J( T 4 Too €0
= 1 2 3 4 5 6%
Maximun value of zis 46, atx =3 and y = 4.
2(x + 2)?
A= T g BT ok Minimum value of zis 0, at x = 0 and y = 0.
61, —77 i
Section 11.4 (page 798)
Section 11.3  (page 789) I () 0, R A, B
1 -k 3 - x+1 _y—4 _
I ‘ T (b) _2 - 4 T
3.(@x=—-4+3,y=14+8, 2= —6¢
) | it v a
3 8 -6
S.(@x=2+2,y==-3-3, =5+t
x—=2 _y+3_
(b} ~g—=E—a= Sg=0
T.@x=6—-4,vy=tz=3+5t
50,0,14) 7. (=3,5,23) 9. —=7i + 13j + 16k iy BB et
1. ~18i— 6§ 13, {10, —2, —4) =4 P g
15. -3i—~Yj—~1k 17 —~i-2j~k _ 9. (@ x=-3+4,y=8—10,, z=15+1¢
19 V38, b3 po8a .
19, T(l_3j+3k) 21. W(—2l+5_]—3k) () T _10‘—‘Z 15
/3 11. (b), (c)

T(i ~j) 25. 1 27. /806 29. 14 1

31. (@) AB = (1,2, —2) and is parallel to DC = (1,2, —2}.
AD = {=3,4,4) and is parallel to BC = {—3,4, 4).
(b) Areais |AB x AD|| = 6/10.
(c) 6= 81.02% Parallelogram is not a rectangle.
33. /349 35.1/4290 37. -16 39,2
41.2 43,12 45. 84
47. 10 cos 40° =~ 7.66 foot-pounds ~ 49. True

15.y—4=0

A 17. -2x+y—2z+10=0 19 —x—2y+z+2=0
51, and 53, Answers will vary. 55, —./3 7. — 2. —3y+z7=0 23 —Sx+6y+z+8=0
25, y—5=0 27. -2x—4y+57+8=0 °
0. -8 a5
2 29, Parallel 31, Orthogonal
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IS, e — 1P+ {y - 5P + (2—2)2736
17. Ceater: (2,3,0),r =3

B2+ 22= 16

12 4
m Y
45. (a) 60.7° (M) x=—t+2, y=8, z=T¢
7. (@ 778 Ox=6+1,y=tz=T+1
49, 88.5°

51. False. Lines that do not intersect and are not in the same
plane may not be parallel.

41.

21, (1,4,-4), V33 23. (-10,6/7), /185 | 25.2

27. 1 29, 90° 31. Parallel 33. Answers will vary,

35. A: 159.1 pounds of tension
B: 115.6 pounds of tension

53. True C: 115.6 pounds of tension
55. (a) Sphere: (x — 42+ (y+ 12+ (z—1)*=4 37. (—10,0, — 10} |
(b) Two planes: 4x — 3y + z = 10 = 2./26 39 L . 25

- - j o+

Ji60z | i " /6|
M. Atea = VT3 ~ 1311 43, 75
45, (a) x =54 y=—10+ 204, z =3 — 3¢

Sl.y=-x 589.3x2+42—-Ix—-1=0
6l. r=4cos 8 63. r=3secd

4
65, r=— ; x y+10 z-3 F
- 8 - = =
Jcos & — Gsin ®) . = =
Review Exercises (page 807) 7. @ x=3+t,y=2+1tz=1|+1¢
L 3 (-54,00 5 /41 x—3=y-2=z-1

49, -2y +5:—14=10 Sl.x+y+z—60

7. /29, /38, V67

(v29)* + (V38)" = (V&)
9. (%,2,5) 1L (1,2,-9 574 501X 61 The
13~ +(y—3P+(z-52=1

63. and 65. Answers will vary.
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Chapter Test (page 804)
1.

X
2,23
1

2. No. (v76) + (Vi02)* % (V193)" 3. (7,1.2)

I sphere

G-+ -1+ -2 =19
5.u={=2,6—-6),v={—12,5-5)
6. () V194 (b) 84 (c) {0,62,62) 7. 4623°
8. (ayx=8—-2,y=-2+64, z=5—-46&¢
x—-8 _y+2 _z2-35

-2 6 ~6

9.9y+z—-3=0 10. Neither 11. Orthogonal
12, 200

()

17. 6/3

Chapter 12
Section 12.1 (page 873)

1. (a)

12— x)

(b) V=1h

=202 —x) *2(12 —x) « x
= 4x(12 — x)*

(c)

x |3 |33 39 4

4.1

4.5

j V' |972|1011.5|1023.5| 1024

1023.5

10125

980

lim V = 1024
=54

(d)

1200

x| 29 129 [2999 |3
CfG) | —47 | —497 | —4997 | -5
‘x| 3000 | 301 |31
| f(x) | —5.003 | ~5.03 | —5.3
—35; yes

5. :
x 129 299 | 2999 {3
&)} 0.1695 | 0.1669 | 0.1667 | Error
x 3000 |301 |31
f) | 0.1666 | 0.1664 | 0.1639
%; no




0.9

0.99

0.999

0.2564

0.2506

0.2501

Error

1.001

1.01

1.1

0.2459

0.2494

0.2439

-5

-3

—-0.1

—0.01

—0.001

fl)

0.2247

0.2237

0.2236

Error

0.001

0.01

0.1

/()

0.2236

0.2235

0.2225

0.2236;

0.8

11,

[ 4.1

—-4.01

—4.001

0.4762

0.4975

0.4998

Error

—3.999

—3.99

~39

0.5003

0.5025

0.5263

PR

-3

13. -

{ =0l

=001

—0.001

&) |

0.9983

0.9959

0.9999

Error

0.00]

0.01

0.1

Fx)

0.9999

0.9999

0.9983
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1; 2

_2 '
15. 1 17, -1 19. Does not eicist

21. Does not exist

23. 25.
3 2
_/—' - ",

_ IR
-2 —_— AR
T s
No No
27. 2, |
a a

=1

.

Yes
33.0 353 3.5 39.0| 4L o~ 2008
4.0 45 "E’ 47. Does not exist

I
9.@~12 B9 @3 O3
SL@S B2 ©3 @ -5

53. True. This means that no matter hqw close x pets to ¢, there
will be both positive and negative x-values that yield
f() =3 and f(x} = —3. This implies that the limit does
not exist.

55. (a) Answers will vary.  (b) Answers will vdry.
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57. No. The function may approach different values from the
right and left of 4. For example,

0 x<2
fxy =14 x=2
6, x>2

has £(2) = 4, but lim /() # 4.

39. As a function’s x-value approaches 5 from both the right
and left sides, its corresponding output values approach 12.

61. 4

-6

S

%; x # %3; It may not be clear from a graph if a function is
not defined at a single point. Examining a function graphi-
cally and algebraically ensures that you will find all points
where the function is not defined.

—4

1 5x+ 4 1
63.—3,.7:#5 ﬁs.sx—_'_z—,x#g
7. xi:_w,x¢_3

x—2

6.1 71.J/70 73. 72

Section 12.2 (page 824)
L-15 3-% 5% 7.1
9.1 M3 ©S5

&)= -2x+ 1

@2 MO ©0

gxx) = x(x + 1)

1 [ I
Bz 154 U= 19
21. -1 23. Does not exist
25. 27.
2
e e .
4 f— 2
-2 —20
fim Y3 V3 02887  lim—22 = 8o

x—=0 x -z x— 2

29.

'\
' \0§
-5 "\- ! L 2
I -2
(X 09 0.99 0999 | 0.9999
| fx) | 05263 | 0.5025 | 0.5003 | 0.5000
L xk=-1 _
.tll)l‘- xr — l) =05
31
-0
10 : O O 1 ¥ v 1 2
-0z
x| 161 16.01 16.001 16.0001
S} | —0.12481 | —0.12498 | —0.124998 | —0.1249998
lim 2%~ 0125
x=16" x — 16
33 35,
a 5
=1 At 8 " ——-/\.\-—— .
-3 =3
- . . 1
The limit does not exist. 11_1)1} prar it
7.
__gkllll/-(/nu g
. ] x-1, x=2 _
Jing f0) where /() = [Zx— 3, x>2




39. 7

41.
&

-8 ....—AV/ \V...._____ 8
s

lim sin 2x =2

x—0 X

45,

@

lim |x} sinx =0
a—0

53. (a) 0. Direct substitution

1

55,3 57
2V

61. —32 feet per second
67. and 69. Answers will vary.

65. True
M. x—2y—3=0

. 1
limxsin—=10
a=3f) X

®) 1
59. 2x—3

63. Answers will vary.

73. Neither orthogonal nor parallel

75, Neither orthogonal nor parallel
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Section 12.3 (page 833)
L0 3%
5. 7.
\ y ~ [

B e v ¥ St ® “&1 L1
e T
= =

2 ~2

9. -2 1.2 13 -1 181

17. =2x; (@0 () 2
1 l 1
Y~ @ ® - 210
1 2
23. —3 25, g
27. 4, y=4x—3 20 hly=3tc+3
:] ]
¥ %) [ | @2
| S L /f/
7 -8 ; e
-4 "2
31. 2
-z \ / 2
2
Cx 2| -15]|-1]405|0
f@ |2 |Lizs|os|o2s|o
Sl =2 -15]-1]-05]|0
x 0.5 1 L5 2
Cf) | 0125 05| 1125 | 2
fos |1 |5 |
They appear to be the same.
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33. 4

-2 L L 42

x 2| -15| -1 | -05]0
F b1 | 1225 | a4 | 1581 | 1732
£ | 05 | 0.408 | 0.354 | 0.316 | 0.280

i |05 |1 15 |2
f | 1871 2 | 2121 | 2236
F) | 0267 | 025 | 0236 | 0224

They appear to be the same.
35. f(x) = 2x — 4; Horizontal tangent at (2, ~ 1)

37. f/(x) = 9x%2 — 9; Horizontal tangents at (—1,6) and
(1, —6)

39. (a) y = 0.073¢3 + 7.89:%2 — 192.4¢ + 1955
(b) 25,000

P10 e e st T T T T T sn

500. In 1980, the per capita debt is increasing at the

rate of $500 per year.
(©) =0
{30, 5255)
[+] 5

4]
The slope given by the graphing utility (478.1) is close
to the estimate {500),
41 Tne 43. () 45 (d)

47. Answers will vary. Example: a sketch of any linear fune-
tion with positive slope

49, Answers will vary. Example: a sketch of any quadratic
function of the form y = alx — 1> + &

51.

53.

55. {0,42,0) 57. {—~140, —46,57)

Section 124 (page 841)
7. -1
15. —4

L@ 3
11. Does not exist
19, 2

50
13, -1

g

1
1
1
1
1
1
T
e T

-8

Horizontal asymptote: y = —3

21. 4

|,

-4

Horizontal asymptote: y = 0

L 2

17. =5

23.
x 10¢

1

10?

108

flo) | —0.7321

—0.0995

—0.0100

—0.0010

x 104

103

105

@ | -1.0x 107

-1.0x10°35

-L

0 x 10-¢

-8




25. x 10° 10t 102 10
fx) | —0.7082 | —0.7454 | —0.7495 | —0.74995
x 10# 103 108
f(x) | —0.749995 | —0.7499995 | —0.75
1
B amet S B !
-7
: = 3
Jim fl2) = 3
27. L33 8.5 29. 431055
Limit: 0 Limit does not exist.
3. 2,3,4,5,6 33 -3 -4 -3
Limit does not exist. Limit: O
5. Pa—
3 n 100 | 10! 1o* 103
a, | 2 | 1.55| 1505 | 1.5005
n 1 10° 108
a, | 1.50005 | 1.500005 | 1.5000005
fim e, =3
37.
n 10° | 104 102 10°
a, i 16 | 616 | 54136 | 53413
n 104 105 168
‘a, | 53341 | 533341 | 5.333341

{b) 3022.9 thousand students

(c) Astime approaches infinity, the number of high schoel

graduates approaches zero,

A175

Answers to Odd-Numbered Exercises and Tests
41, False. Graph y = e
1 1
43, Letf(x) = g glx) = e and ¢ = 0. Now
1 : _
lim ol andll_w.][f(x) glx)] = 0.
45. 47,
] 60
[ ]
L
L ]
[ ]
. a
™ L.
¢ ...Tf?u..-" ¢ -.o???
[1] 1]
Converges to 0 Diverges
49, —4.50,0 5L 3
25 2
-10""‘""10-4-’- ’\/"
=150 ~10
53. 60 55. 130
Section 125 (page 849)
1. 1830 3. 44,100 5. 5850
n+2n+1
7. 8(n) = ‘—Tnz"'*'"
w100 | 10t | 102 10°
S(n); 1 0.3025 | 0.255025 | 0.25030025
Limit:
22+ 30 + 7
9. S(n) = ,%
n 10° | 107 102 108
S5 | 6 1,185 | 1.0154 | |1.0015
Limit: 1
14n* + 3n + 1
1L S(r) = =3
o100 e || 100
St | 3 | 02385 | 0.02338|| 0.00233
Limit; ()
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42 —3n— 1
13. S(n) = =
n 10° | 101 10 10?
S| 0 | 0615 | 066165 | 0.66617
Limit: %
15. 1425  17. 1.2656
B 4 |8 |20 |50
. Approximate Area | 18 | 21 | 22.8 [ 23.52
L 4 8 20 | 50
Approximate Area | 3.52 | 2.85 | 248 | 2.34
2.2 25.% 2.8 2% 31.¢ 33

35, Areais 105,208.33 square feet =~ 2.4133 acres
37. True
41. (a) ¥

39. Answers will vary,

_2-- _2--
(c) ¥ @
G
5
4
3
2
1
-4 =3 =2 23 4 F
-2+
43, (24,-30)  45. 18
Review Exercises (page 852)
1.
x |18 199 |19%9 |2
() | 01299 | 0.1255 | 0.1250 | 2
x 2001 201 |21
F0) | 01250 | 0.1245 | 0.1205
x =2 1

a3

1

3Ys SNo 7.5 94 1.0
13.@64 7T (©20 (@3

511 17.77 1998 21 % 234
25 -1 27.-1 20.% 3L}

33. 35.

-4

Does not exist
a7, 3

lin'é glx) =2

Y T T T

Does not exist

39, [
x Ll 101 | Lo01 | 1.0001
FG) | 0.5680 | 0.5764 | 0.5772 | 0.5773
lim VA 1= B o sm { Actwal timit s
x— 1™ X 1 3
41, -1 43,1
45, 47.

4

| S T

hw!
<

_ﬁ___L

-4

Limit does not exist.

-4

Limit does not exist.

49, 3 — 2x 51. Slope: 2
53. 55.
4 B
-5 : / i 7 /
2.0 E 2.2
E.M Lo 8
4 -2
2 i

57. 2x —4; (@) —4 (B 6



|
|
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59, —ﬁ; @ -4 ® -1 3
6l. fF()=0 63 g =0 65 w(x)=—3 L L L .
. 110 =5 J:Jr_s 6. 56 =~ 5p f 5 _ w
7.2 730 75 4 g,
77. (a) C = 22.50(100) + 12,200 = $144.50 The limit does not exist.
C = 22.50(1000) + 12,200 = $34.70 4 .

(b) $22.50. As the aumber of calculators gets very large,

the average cost approaches $22.50.
79.03 3 &2 81. —-2,1,2,2 4
Limit: 0 Limit: 4 B VAR VA G b
+ + -t
83. s(n) = — 20 Ve +9)
4n L U
no | 100 |10t 102 10° =0 x
Sy | -15 | —1.5675 | —0.8257 | —0.7575 x —0.02 | —001 | 0| 001 | 0.02
Lmie £G | 2908 | 2909 | 3| 2999 | 2.998
85. 1 = 35313 5. 7
87- - -
n 4 |8 20 50
Approximate Area | 10 | 10.5 | 10.64 | 10.6624 J
89.9 91.% 939 - S
BT
95, True. lim [£(x) + g(x)] = lim fF(x} + lim g(x)
Xx-—3c X A= . e —_ 1
Chapter Test (page 856) lig =y =2
L ¢ (x| —0.004 | —0.003 | —0.002 | —ojpot | 0

); / CF6) | 1992 | 1994 | 1996 | 1998 |2

-1 3 -z

Ao T a NAE

2. 2 -5
S I / R m=7
/ 7624612 8~ 9.4xr—7
1
I 1
0. ———= 11, 12. —
}/ : G+ 0 3
- 13. Doesnotexist 14, 0,3, 1%, B2 Limit: §
2 —_ i
lim X —x=3 _ 15, 0,1, 0,3 0; Limit; 0
=1 x+1 25

6.5 17.8 18.2
19. (2) y = 8.79x — 62x — 04 (b) 8L.7
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Cumulative Test for Chapters 11-12 3. Quiz L:
(page 857) X 15
MMM KEXA
g i i e B «ox ENE ENKER x
4.3,4.5 T e
q
F+a=5 Quiz 2:
9 + 16 £ 25 xx
25 =125 XX
5.(~1,23)  6.G-22+(y— 22+ (z—42=24 xXxx
x Hom KA
x M b3 XXX X

.............
|||||||||||||

22 and 23
5. Stems | Leaves

71055577888
8|1 1111234555578999

(,r—2}?:0;+1}2=4 12 g g ’
8 —13; 8i— 11j — 20k 9. Neither 7. Stems | Leaves
10. Orthogonal 11, Parallel  12. 12 cubic units 0 |89 66 67 65 80 98 62 93
18, (o] =3 By g B, g =20 1 | 09 0L 46 24 96 90
2 192 5540 61
) # = ”;—3 = % 3 |68 35
4 |12 96 80 38
14. 75x + 50y — 31z =0 s |81 18 50 70 66
6 |44 0D 34 01
15. - 16. %3_9 =27 7 | 61 66 00
51 8 |11 57 41 50
‘4 9
10
11 | 60 59 33
12 |92
13 [ 19 17 37
17. 8426° 18.4 19 -% 20. % 2L 27 |22
22.-1 232 24.-2 253 26 —%
27. —4 28 Limitdoesnotexist.  29.3 30.3 il |32
31.0 32. 10,731.25 33, 8190 34, 672,880
35. A = 8.125 square units ~ 36. A = 1.566 square units 2 | %
37. %Squlare unit 38. 18 square units
39. % square umit
65 | 14

Appendix B
Section B.1  (page A20)
1. (a) $1.109 (b) [$0.999, $1.189]



9. (a)

()

11. ()

Interval | Tally

90-109

130149
150-169
170-189 | |
190-209 | |

12

=

Frequency
(] o o o

TH
110-129 | THY THY

TH

T

P O T T T O B A A B -

150

(b} Answers will vary.
{dy 2000: 214; 2002: 222; 2005: 234
13. (a) P = 2191 + 447

(b)

(©)

600

{c} y=4x+ 134

-1

The model fits the data well.

Year 1990 | 1991 | 1992 | 1993
P (actual) | 4614 | 462.4 | 478.6 | 509.5
| P (model) | 447 4689 | 4908 | 512.7
Year 1994 | 1995 | 1996 | 1997
P (actual) | 532.9 | 559.9 | 589.1 | 595.6
P (model) | 534.6 | 556.6 | 578.5 | 600.4

Answers to Odd-Numbered Exercises and Tests  A179

Section B.2 (page A28)

. Mean: 8.86; median: 8; mode: 7
. Mean: 10.29; median: 8; mode:”;:
. Mean: 9; median: 8; mode: 7
. The mean is sensitive to extreme yalues.
., Mean: $67.14; median: $65.35
11, Mean: 3.07; median: 3; mode: 3
13. One possibility: {4, 4, 10}

15. The median gives the most rcpreszlantative
17. =6, v =10, ¢ =3.16 '

Moo=l th W e

L

desgription.

19.x=2,v=%0=115 2L3X=4v=4,0=2

27. 10155  29. 1.65
3L () T= 12 0 =283 ()X

23, ¥ =47, v =226, o = 15.03 st. 342

200 &

x=12, c=141 (@ X559 o=141

33. ¥ =12 and Jx; — 12} = 8forall x;

= 2(83

35. It will increase the mean by 5, but the standard deviation

will not change. i.
37. First histogram :
1

39. [ 533 41. ;_EE_‘

8 11 14 16 20 9 215 25 28129
R e e B T =
-4 12 £37.1 107.5
- >0 r 7205521 otz
I
Appendix C (page A35)
1. 3 3.7 5.4 7. 20 9. 4 11. 3

13,% 15,20  17. Nosolution| 19, x ¢ 2

2. x < 9 23 x5 —-14 25, x = 10
27. x < 4 29, x <3 3. xz2
5. x<6

33 x5 -3







Biology and Life Sciences

Atmospheric pressure, 237, 271

Bacteria growth, 227, 268

Blood pressure, 332

Concentration of medicine, 206

Cost of recycling, 196, 302

Cost of removing pollution, 196

Deer population, 197

Endangered species, 269

Fish population, 212

Forensics, 271

Forest yield, 256

Growth of a red oak tree, 158

Gypsy moth defoliation, 227, 607

Human memory model, 237, 245, 256, 277

Learning curve of factory employees, 268

Lynx population, 87

Moth food consumption, 198

Number of board feet in a log, 146, 497

Predator-prey model, 342

Relative humidity measurement, 65

Reproduction rates of deer, 523

Respiratory cycle, 331

Species population in a new habitat,
280, 302

Sunset times, 365

Weather forecast, 692

Width of a river, 312, 369, 479

Business

Advertising costs, 173

Advertising costs and maximum profit,
145, 209

Advertising costs and sales, 268

Average cost, 86, 200, 212, 842, 853

Average sales, 366

Break-even point, 64, 496, 546, 614

Bristol-Myers Squibb Company, 278

Business loan, 521, 565

Change in annual sales, 35

Change in daily revenue, 35

Coca-Cola Enterprises, Inc., 646

Colgate-Palmolive Company, 35

Compact disc sales, 257

Cost of operating a bulldozer, 36

Cost of overnight delivery, 825

Cost of Super Bowl advertising, 11

Demand for a produet, 53, 226, 256,
277, 507

Depreciation, 23, 36, 228, 268, 270,
275, 280, 645, 689

Estimated sales, 10

Furniture production, 533

Inventory costs, 548

Inventory levels, 533, 580

Kellogg Company, 35

Labor/wage requitements, 580

Lands’ End, Inc., 13

Market research, 834

Maximum and minimum sales, 331, 371
Maximum profit, 145, 543

Maximum reverue, 543, 548
Minimum cost, 145, 543, 548
Ordering and transportation costs, 206
Partnership costs, 466

Point of diminishing returns, 158
Procter & Gamble Company, 24, 627
Product sales, 268

Production costs, 118

Production levels, 579, 580, 612
Profit, 83, 86, 98, 107, 131, 134, 146, 188
Progressive Corporation, 67
Restaurant sales, 117

Revenue, 465, 580, 702

Sales contacts, 662, 682, 685

Sales of seasonal products, 321, 343, 402
Sbarro, Inc., 67

Starbucks Corp., 13

Supply and demand, 534, 546, 550
Truck scheduling, 507, 522

Wal-Mart Stores, Inc., 11, 627
Whitlpool Corporation, 688

Chemistry and Physics

Boiling and freezing temperatures, 237

Braking force, 465, 482

Buoy oscillating, 363, 372

Cable tension, 455, 481, 783, 802

Crystal shapes, 776

Current in an ¢lectrical network, 301,
522, 565

Design of a guitar, 65

Determining an unknown mass, 197

Engine horsepower, 272

Exhaust temperature of a diesel engine,
129, 523

Explorer 18 Satellite, 759

Fahrenheit and Celsius temperatures, 36

Fluid flow, 99

Force of water against a dam, 86

Forces, 456

Friction, 391

‘.

Harmonic mo}t)n, 301, 34

» 364, 402,

409, 424
Horizontal an | vertical components of

velocity, 455
Hyperbolic telescope r, 721
Impedance of an electrical |circuit, 181
Index of refraction, 426
Loaded barge towed by two tug boats,

455
Magnitude of earthqiakes, ' 69, 276, 278
Mixture probljrns, 181, 205, 506, 522,

533, 547, 614, 64

Motion of oscillating weight, 332, 343
Orbit of comet Encke, 711

Orbit of Halley’s comet, 711

Orbit of Mars,' 764
Orbit of Merciry, 766
pHof a substﬁnce, 269
Planetary motion, 759
Position of the sun, 402
Pulley systemT 522
Radicactive d?cay, 227, 21’?, 268, 278

Resistance of copper wire, 24
Resuitant force, 454, 455, 481, 484, 486
Rope tension, 481
Satellite antenna, 702
Satellite orbit, 703, 712
Sound intensity, 238, 245,269
Sound Jocation, 721, 762
Springs, 365 ‘L

Standing waves, 409
Temperature change, 227,|245, 256
Temperature ¢f saturated élearn, 53
Torque, 790

Tuning fork, 364
Two people lif ing a weight, 455
Voltmeter, ZQJ[N

Wind drag, 107, 146

Work, 237, 463, 482

Construction

Brick pattern, 636
Bridge desigr across a |
Circular saw, 294
Destgn of a fireplace arch, 711
Design of a mountain tunpel arch, 711
Design of a spspension bridge, 702
Dimensions gf a physical |fitness room,
144, 534

I
‘ A181
{
1
|

Beam deﬁecjon, 159

e, 434
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Electric hoist, 293

Height of an attic, 35

Railroad track design, 420, 435
Road design, 702, 703

Road grade, 35

Truss rafter, 442

Trusses, 364

Wading pool, 761

Wrench size, 364

Consumer

Buy now or wait, 466

Chartering a bus, 86

Cost of delivering a package, 98
Cost of a telephone calling card, 98
Hourly wage, 129

Inflaticn, 36, 228

Insurance premium, 466

Milk prices, 11

Purchasing a new car, 119

Renting an apartment, 37

Salary, 36, 118, 646, 689, 690, 825
Uremployment rate, 403

Geometry

Angle of ¢levation, 312, 435, 436, 479,
486

Approximation of trigonometric
functions, 313

Area of an isosceles triangle, 420

Area of a plot of land, 282, 850, 854

Area of arectangle, 23, 97, 134, 144,
205, 402

Area of the shaded region, 646

Area of a triangular region, 607

Delivery service regulations, 173

Diagonal of a cube, 364, 804

Diagonals of a parallelogram, 479

Diagonals of a polygon, 673

Diameter of tapered shaft, 312

Dimensions of a corral, 145

Dimensioas of a page, 205

Equation of a sphere, 776

Granular angle of repose, 353

Involute of a circle, 763

Irrigation canal, 365

Latus rectum of an ellipse, 712

Major axis of an ellipse, 711

Maximum area of a rectangle, 209

Maximum area of a triangle, 813

Maximum volume of an open box, 83,
158, 172, 813

Minimum area of a right triangle, 205

Parabolic archway, 761

Postal regulations, 85

Radii of ripples in a pond, 118
Radius of a storage tank, 118
Regular pentagon, 364

Shaded region outside the sector, 366
Volume of a box, 210

Volume of a feeding trough, 424

Interest Rate

Annuities, 645, 646, 690, 694

Investment, 226, 227, 237, 256, 267, 277,
278, 280, 497, 507, 521, 522, 533,
546, 547, 627, 645, 688, 690

Mortgage loans, 534

Mortgage payment, 238, 269, 270

Miscellaneous

Amatenr radio license, 690

Answering a true-false exam, 671

Assembly line preduction, 672

Automobile emissions, 173

Average temperature, 321

Awning design, 443

Baling hay, 637, 689

Basceball hits at bat, 662

Birth of a child, 685

Bolt circle, 364

Cash receipts from fruit crops, 12

Cellular phone tower, 362

Choice of two jobs, 496, 497, 546

Cheosing committee members, 673, 682

Choosing a computer system, 671

Choosing a course schedule, 671, 690

Choosing an entertainment system, 671

Choosing a job applicant, 671, 672, 768

Choosing lottery numbers, 672

Choosing marbles, 682

Choosing numbers from a hat, 690

Choosing people for a magic trick, 691

Choosing team captains, 691

Coin toss, 662, 682, 691

College enrollment, 36

Combinations for a lock, 671

Crop distribution, 580

Crumple zone of automobiles, 257

Daily high temperature, 332

Decoding messages, 608, 614

Defective spark plugs, 694

Distinct birthdays, 686

Docking a boat, 353

Drawing from a deck of cards, 682,
684, 691, 694

Effectiveness of a flt vaccine, 683

Encoding messages, 608, 614

Engine design, 435, 442

Figure skating, 293

Finishing a bicycle race, 690

Fire company back-up vehicles, 685

Flashlight’s reflector, 761

Fruit distribution, 548

Fuel efficiency, 275

Geometric probability, 685

Grain storage bin, 365

Height of a population, 65

Hospital inspection, 684

Interpersonal relationships in a group, 673

Landau Building, Cambridge, MA, 442

Letter mix-up, 684

License plate numbers, 671, 694

Lighthouse, 362

Long-distance radio navigation, 721

Machine shop, 312

Maximum bench press weight, 64

Mechanical design, 799, 857

Monthly high and low temperatures, 343

Monthly precipitation, 332

Morse code characters, 672, 690

Navigation of an airplane, 363, 372

Navigation of a boat, 363

Near point and far point of the eye, 197

Network analysis, 565, 566, 616

Newspaper circulation, 82, 119

Number of times a clock strikes, 637

Ordering books on a bookshelf, 691

Ordering elements in the periodic
table, 671

Ontdoor basketball backboard, 362

Paper manufacturing, 443

Payroll mix-up, 684

Personal savings, 12

Photography, 353

Poker hands, 672, 684

Political survey of college smdents, 683

Population growth, 227, 237, 267, 278,
302, 645, 692

Population growth of countries, 267

Positions in a photograph, 672

Positions in a toboggan ride, 671

Positions in walking throngh a
doorway, 672

Programming a thermostat, 108

Public school ventilation, 238

Random number generator, 684, 694

Receiving defective units, 672, 684

Record temperatures in Duluth, MN, 10

Rock and Roll Hall of Fame, 13

Roll of the dice, 682, 686, 691

Rotary engine, 763

Salaries of major league baseball
players, 37



Seating arrangements, 671, 672

Seating capacity, 636

Security patrol, 354

Selecting an experiment group, 672

Selecting socks, 691

Shadow of a sundial, 391

Snow removal, 277

Space vehicle back-up systems, 684

Stack of logs, 636

Streetlight design, 441

Survey about college activity fee, 691

Survey of college alumni, 683

Survey about flexible hours, 685

Survey of high school graduates, 683

Survey of senior citizens, 691

Survey of shoppers’ payment methods,
685

Taste tester, 682

Telephone numbers, 671

Television satellita, 362

Test questions, 672, 684, 691, 694

Test scores, 11, 278

Ticket sales, 507, 333

Typing speed, 278

Voting preferences, 580

Wheat yield, 507

Winning an election, 683

Winning on a game show, 684, 768

Time and Distance

Airplane ascent, 362

Airplane bearing, 374

Airplane speed, 506, 546

Altitude of a plane, 363, 435, 479

Angular speed of truck wheels, 374

Average speed, 206

Climb rate of an airplane, 276

Depth of a submarine, 362

Difference in latitudes, 293, 368

Distance across a pond/marsh, 363,
441, 479, 484

Distance between an airplane and a
person, 322, 354

Distance between an airplane and a
radar antenna, 342

Distance between a boat and a
lighthouse, 435

Distance between cities, 293, 372

Distance between a landmark, 435

Distance between observation tower
and boat, 312

Distance between towns from a plane,
363

Distance between two planes, 118, 480

Distance between two ships, 363, 441

Distance from ship to roof, 374

Driving distance, 507

Electric motor, 344

Fan motor speed, 372

Flight path of an airplane, 434, 435,
441, 456, 481, 484, 486

Floppy disk, 294

Flying distance, 13

Heigit of a ball, 145, 646

Height of a balloon, 86, 312

Height of a baseball, 188

Height of a broadcasting tower, 311

Height of a church steeple, 362

Height of Duquesne Incline, 312

Height of a ferris wheel, 332

Height of a flagpole, 434

Height of Jin Mao Building, 312

Height of a kite, 362

Height of a ladder, 361

Height of a mountain, 363

Height of an object dropped from an
airplane, 637

Height of a public library flagpole, 362

Height of a tree, 361, 434, 479

Length of a football pass, 13

Length of guy wires, 442

Length of shadow, 361

Linear speed of an carth satellite, 293

Locating a fire between two towers,
363, 435

Mach number of an airplane, 420

Mountain descent, 362

Mowing a lawn, 647

Navigation, 363, 441, 442, 456

Path of a baseball, 214, 402, 442, 565,
703, 738

Path of a boat, 238

Path of a diver, 145

Path of a football, 738

Path of a projectile, 402, 420, 423, 703

Railroad grade, 372

Rotational speed of car wheels, 294

Shuttle height after liftoff, 856

Speed of an automobile, 270, 313, 368, 647

Speed of a bicycle, 294
Speed of water current, 466
Stopping distance, 117
Switchboard calls, 280
Television coverage, 342
Wind speed, 456

U.S. Demographics

Average age of a bride and groom, 214
Average community hospital costs, 12
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Average cost O automobll insurance, 68
Average hclgh of males and females,
256 |
Average hourly earnings of production
workers, 498
Boating expenjnures 131
Cellular phore revenues, 523
Civilian Jabor force, 683
Donations to charity, 272
Exports and production of com,
soybeans, and wheat, 11
Federal debt, 23 627, 834
Foreign travel, 271
Fuel consumptwn 332
Health care costs 118
Health maintenance organizations, 663
Life expectancy of a child) 24
Life insurance' per househgld, 662
Merchandise trade balance [of the U.S., 98
Monthly rates for cable television, 172
National health expenditulJés, 2
New car sales| 129 )
New orders of| civil jet transport, 565
Number of cellular phone subscribers,
280, 82
Number of cot mercial banks, 207
Number of degrees conferred, 64
Number of high school graduates, 842
Number of kidney transplants, 206
Number of local telephonjlz:alls, 71
Number of. nuhtary persoynel, 172
Number of military reserve personnel,
198
Number of patents issued,|67
Number of VdERs in use, 146
Number of voles cast for Democratic
presi jential cand1dates 71
Oil imports, 1
Qutstanding mortgage debt, 108
Paperboard production, 497
Per capita consumption of cigarettes,
146
Per capita hospital care, 627
Per capita utilllzat.ion of nectarines,
peaches, and cucymbers, 53
Population of /Texas, 12
Price of a mobile home, 86
Sports participants, 12
Temporary help agency workers, 682
Truck fuel use, 108
Value of new homes, 159
Value of U.S.limports from China and

Talw{m 132
World population, 238, 271
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Index

A

Absolute value
of a complex number, 467
function, 94
Absolute value function, 94
Acute angle, 286, 314
Addition
of complex number, 175
of functions, 109
of matrices, 568
of vectors, 446
properties of, 448
Additive identity
for a complex number, 175
for a matrix, 571
Additive inverse for a complex number,
175
Adjacent side of a triangle, 303
Adjoining the matrices, 584
Algebraic function, 216
Algebraic properties of the cross
product, 785
Alternative definition of a conic, 754
Altemative formula for standard
deviation, A25
Ambiguous case (SSA), 430
Amplimde
of simple harmonic motion, 359
of sine and cosine curves, 325
Angle, 284
acute, 286, 314
between two nonzerg vectors, 459,
778
between two planes, 794
central, 285
complementary, 287
coterminal, 284
degree, 287
of depression, 307, 355
of elevation, 307, 355
initial side, 284
measure of, 285, 287
negative, 284
obtuse, 286
one degree of, 287
positive, 284
reference, 316
standard position, 284,
supplementary, 287
terminal side, 284
vertex, 284

Angular speed of a particle, 289
Arccosine, 347
Arcsine, 345, 347
Arctangent, 347
Area
of an oblique triangle, 432
of a plane region, 847
of a region, 835
of a triangle, 599
Argument of a complex number in
trigonometric form, 468
Arithmetic combination, 109
Arithmetic sequence, 629
common difference of, 629
ath term of, 630
partial sum of an infinite sequence,
633
recursive formula, 631
sum of a finite sequence, 632
Arrangement
with replacement, 664
without replacement, 664
Associate properties of scalar multiphi-
cation of vectors, 448
Associative property of addition
for complex numbers, 176
for matrices, 570
Associative property of multiplication
for complex numbers, 176
for matrices, 574
Associative property of scalar multipli-
cation for matrices, 570
Asymptote
horizontal, 190
of a hyperbola, 715
oblique, 202
of a rational function, 191
slant, 191, 202
vertical, 190
Augmented matrix, 553
Average of # numbers, A22
Axis (axes)
coordinate, 2
of an ellipse, 704
of a hyperbola, 715
imaginary, 178
of a parabola, 137, 697
real, 178
of symmetry, 137

B

Back-substitution, 489

Bar graph, 4
Base
of an exponential function, 216, 220
of a logarithmic function, 229
Basic equation for partial fraction
decomposition, 516
Bearing, 357
Bell-shaped curve, 262
Bimodal, A22
Binomial, 656
coefficient, 656
expansion, 639
Binomial Theorem, 656
Bounded sequence, 178
Bounds for real zeros of a polynormial,
168
Box-and-whisker plot, A27
Break-even point, 493

C

Cardioid, 750
Cartesian plane, 2
Center
of a circle, 8
of an ellipse, 704
of a hyperbola, 713
Central angle, 285
Certain event, 675
Change in x, 828
Change in y, 828
Change-of-base formula, 231, 240
Chebyshev’s Theorem, A26
Circle
center of, 8
classifying by general equation,
719
ractius of, 8
standard form of, 8
unit, 295
Classifying a conic
by the discriminant, 726
by the general equation, 719
Coded row matrices of a cryptogram,
604
Coefficient matrix, 553
Cofactor of a square matrix, 593
Collinear points, 600
Column of a matrix, 552
Combination, 669
of »n elements taken r at a time, 669

A4



Common difference of an arithmetic
sequence, 629
Common logarithmic function, 230
Common ratio of a geometric
sequence, 638
Commutative property of addition
for complex numbers, 176
for matrices, 570
Commutative property of multiplica-
tion for complex numbers, 176
Commutative property of scalar multi-
plication for matrices, 570
Complement of an event, 681
Complementary angles, 287
Complex conjugate, 177
Complex number(s), 174
absolute valee of, 467
addition of, 175
additive identity, 175
additive inverse, 175
conjugate of, 177, 184
DeMoivre’s Theorem, 471
equality of, 174
imaginary number, 174
multiplication of, 176
nth root of, 472, 473
nth roots of unity, 474
plane of, 178
powers of, 471
product and quotient, 469
properties of, 176
pure imaginary number, 174
roots of, 472
standard form of, 174
subtraction of, 175
trigonometric form of, 468
of argument, 468
of modulus, 468
Complex plane, 178
imaginary axis, 178
real axis, 178
Component form of a vector, 445, 462,
777
Composition of functions, 111
Compound interest, continzous, 222
Conditional equation, 38
Conditions under which limits do not
exist, 810
Conic, 696
degenerate, 696
eccentricity, 754
polar equations of, 754
Conjugate axis of a hyperbola, 715
Conjugate of a complex number, 177,
184

Consistent system of equations, 511
Constant function, 75, 90, 136
Constraint(s)
feasible solution, 535
of linear programming, 533
Consnmer surplus, 530
Continuous compounding, 222
Continvous function, 147
Converge, 839
Conversions between degrees and radi-
ans, 288
Convex limagon, 750
Coordinate axes, reflections in, 103
Coordinate conversion, 740
polar-to-rectangular, 741
rectangular-to-polar, 741
Coordinate plane, 770
Coordinate system, 2
three-dimensional, 770
Correlation coefficient, A19
Cosecant, 296, 303
Cosine curve
amplitude of, 325
horizontal translations, 327
Cosine function, 296
domain of, 298
graph of, 323, 327
inverse of, 347
period of, 326
range of, 298
special angles, 305
Cotangent, 296, 303
Cotangent function, graph of, 336
Coterminal angle, 284
Counting principle, 664
Cramer’s Rule, 601, 602
Critical number, 58
Cross product of two vectors in space,
784
algebraic properties of, 785
geometric properties of, 786
Cryptogram, 604
coded row matrices, 604
decode, 606
encode, 605
uncoded row matrices, 604

D

d’Alembert, Jean Le Rond
(1717-1783), 184

Damping factor, 339

Decode a cryptogram, 606

Decomposition into partial fractions,
515

Decreasing function, 90

Index M85

Defined function, 78
Definition of quartiles, A2;7
Definition of standard devjation, A23
Definition of \:fariance, A23
Degenerate conic, 696
Degree of an angle, 287
Degree, conversion to radians, 288
DeMoivre, Abraham (1667-1754), 471
DeMoivre’s T‘:corem, 471
Dependent, 5 1
Dependent vm;iable_, 76, 81
Derivative of a function, 831
Descartes, René (1596-1650), 2
Determinant form, 784
Determinant Oif a matrix, 591, 594
Diagonal mateix, 595
Difference
of functions, 109
of two vecttllars. 446
Difference and sum formujas, 404
Difference quotient, 828
Dimpled limagon, 750
Directed line segment, 444
initial point] 444
length, 444/
magnitude, 444
terminal point, 444
Direction anglt) of a vector, 450
Direction numbers, 791
Diraction vector, 791
Directrix of a parabola, 69
Discrete mathematics, 75
Discriminant, 726
Distance between a peint and a plane,
797
Distance between two points in a
plane,|5
Distance Formula, 5
in space, 771
DistinguishabIL: permutatian, 668
Distributive pr'operty
of complex Inumbers, 176
of matrices,| 370, 574
Diverge, 839
Dividend for polynomial division, 161
Dividing out technique, 817
Division
of complex Inumbers, 177, 469
of functions, 109
of polynomijals, 160
synthetic, 163
Division algorithm, 161
Daomain
of a function, 74, 78, 81
implied, 78,81
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of sine and cosine function, 298
Dot product of two vectors, 458
properties, 458
Double-angie formulas, 411
Double inequality, 56

E

e, the number, 220
Eccentricity
of a conic, 754
of an ellipse, 708, 754
Elementary row operations, 510
of a matrix, 554
Eliminating the parameter of an
equation, 734
Elimination
Gauss-Jordan, 559
Gaussian, 510
method of, 500
Ellipse, 704
center of, 704
classifying by general equation, 719
eccentricity of, 708
focus of, 704
major axis of, 704
minor axis of, 704
standard form of, 705
vertex of, 704
Encode a cryptogram, 605
Entry of a matrix, 552
Equality
of complex numbers, 174
of matrices, 567
Equation(s), 38
conditional, 38
equivalent, A33
graph of, 14
identity, 38
of a line
general form, 30
point-slope form, 27
slope-intercept form, 29
summary of, 30
two point form, 27
linear in one variable, 38
logarithmie, 247
parametric, of a line in space, 791
of a plane in space, 793
polynomial, 136
position, 62, 518
quadratic, 136
of a sphere, 772
symmetric, 791
system of, 488

trigonometric, 392

Equation editor of a graphing utility,
xvii

Equivalent

equations, A33

inequalities, 54, A34

generating, A33

system of equations, 500
Euler, Leonhard (1707-1783), 81
Even function, 94

trigonometric, 299
Event(s)

certain, 673

complement, 681

impossible, 675

independent, 630

mutually exclusive, 678

probability of, 674, 675
Existence of a limit, 821
Existence Theorem, 182
Expanding

a binornial, 659

by cofactors of a square matrix, 593
Experiment in probability, 674
Exponential decay, 258
Exponential equation, 247
Exponential function, 216

base of, 216, 220

graph of, 217

natural, 220
Exponential growth, 258
Exponential notation, 220
Extended principle of mathematical

induction, 650

Extraneous solution, 39
Extrema, 150

F

fof x, 76, B1
Factor Theorem, 164
Factor(s) of a polynomial, 184
Factorials, 620
Factoring a polynomial, 184
Feasible solutions in linear program-
ming, 535
Fibonacci sequence, 620
Finding solutions graphically, 41
Finite differences of a sequence, 632
first difference, 653
second difference, 653
Finite sequence, 618
First difference of a finite sequence,
653
Fitting a line to data, A18
Focal chord of a parabola, 699

Focus
of an ellipse, 704
of a hyperbola, 713
of a parabola, 697
Formulas for compound interest, 222
Fractal geometry, 178
Fraction(s), partial, 515
Frequency of simple harmonic motion,
359
Function(s), 74, 81
absolute value, 94
addition of, 109
algebraic, 216
arithmetic combination, 109
common logarithmic, 230
composition of, 111
constant, 75, 90, 136
continuous, 147
decomposition of, 114
decreasing, 90
defined, 78
derivative, 831
difference of, 109
division of, 109
domain of, 74, 78, 81
even, 94
exponential, 216
extrema, 150
graph of, 88
greatest integer, 93
horizontal line test, 124
increasing, 90
inverse of, 120, 121, 124, 125
involving multiple angles, 397
limits of polynomial and rational,
816
linear, 136
logarithmic, 216, 229
multiplication of, 109
natural exponential, 220
natural logarithmic, 233
notation, 76, 81
objective, 535
odd, 94
one-to-one, 124
polynomial, 136
product of, 109
quadratic, 136
quotient of, 109
range of, 74, 81
rational, 189
relative maximum of, 91, 150
relative minimum of, 91, 150
step, 93
subtraction, 109



sum of, 109

summary of graphs, 100

summary of terminology, 81

transcendental, 216

undefined, 78

value of, 76

vertical line test for, 89

zero, 150, 151
Fundamental Counting Principle, 665
Fundamental Theorem of Algebra, 182
Fundamental trigonometric identities,

306, 376

G

Gauss, Carl Friedrich (1777-1855),
175, 559, 632
Gauss-Jordan elimination, 559
Gaussian elimination, 510
Gaussian model, 258, 262
General form of an eguation of a line,
30
General form of the equation of a plane
in space, 793
General second-degree equation, 45
Geometric properties of the cross prod-
nct, 736
Geometric properties of triple scalar
producis, 788
Geometric sequence, 638
common ratio of, 638
nth term of, 639
sum of a finite sequence, 641
sum of an infinite sequence, 642
Graph
of an absolute value function, 100
of a constant function, 100
of the cosine function, 323, 327
of the cotangent function, 336
of a cubic function, 100
of an equation, 14
of an exponential function, 217
of a function, 88
of an identity function, 100
of an inequality, 54, 525
of a line, 25
of logarithmic function, 231
of a polar equation, 745
of polyromial function, 147
of quadratic function, 100
of a rational function, 199
of the reciprocal function, 337
of the sine function, 323, 327
slope of a graph, 828

of a square root function, 100
of the tangent function, 334
tangent line, 826
three-dimensional, 514
Graphical interpretation of solutions,
501
Greatest integer function, 93
Growth and decay, 259
Guidelines for graphing rational func-
tions, 199
Guidelines for solving exponential and
logarithmic equations, 247
Guidelines for verifying trigonometric
identities, 384

H

Half-angle formulas, 414
Hamilton, William Rowan
(1805-1865), 448
Harmenic motion, 358, 359
Heron of Alexandria (c. 100 p.c.), 440
Heron’s Area Formula, 440
Hipparchus, 405
Histograms and frequency distribo-
tions, AL7 .

Heorizontal line test for a function, 124
Horizontal translations, 327
Horizontal

asymptote, 190

components of a vector, 449

shift, 101
Hyperbola, 713, 754

asymptote of, 715

center of, 713

classifying by general equation, 719

conjugate axis of, 715

focus of, 713

standard form of, 713

transverse axis of, 713

vertex of, 713
Hypotenuse of a triangle, 303

Identities, trigonometric, 306, 376, 384
Identity
equation, 38
matrix, 574
Imaginary
axis, 178
number, 174
unit 7, 174
Implied domain, 62, 78, 81
Impossible event, 675
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Improper rational expressipn, 161
Inconsistent system of equations, 511
Increasing fun'ction, 90
Independent, 511
Independent events, 680
Independent variable, 76, i:‘
Indeterminate form of a litit, 818
Index of summation, 622
Induction, mathematical, 648
Inductive matrlix, 554
Inequality (ine'qualities), 54
double, 56
equivalent, 54
generating équivalent, A34
graph of, Sﬁ, 525
linear, 54, 5?6
properties O.f’ 54, 55
solution of, I64, 525
Infinite geometric series, 642
Infinite sequence, 618
Infinite series, 623
Initial point of |a directed line segment,
444
Initial side of an angle, 284
Input, 74
Intercept, 43
of a graph, 15
x-intercept, 39,40
y-intercept, 39, 40
Interest, 222
Intermediate Value Theorem, 154
Intersect feature of a graphing utility,
XXt
Invariant undeq rotation, 726
Inverse
of a matrix, g82
properties, 121
Inverse functioh, 120, 121,398
cosine, 347 1
sing, 345
tangent, 347
Inverse trigonometric properties, 349
Invertible matrix, 583
Irrational exporllents, 216
Irreducible over the reals, 185
Irreducible polynomial, 183

K

Kepler, Johannes (1571-1630), 757
Kepler’s Law, 757

L

Latus rectum of a parabola,| 699
Law of Cosines, 437
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Law of Sines, 428 Logarithm(s) minor, 593
Leading Coefiicient Test, 149 change-of-base, 240 multiplication, 572
Least squares regression line, A31 properties of, 230, 241 properties of, 574
Left-handed orientation of a three- Logarithmic equation, 247 nonsingular, 583
dimensional coordinate Logarithmic function, 216, 229 order of, 552
system, 770 base of, 229 product, 572
Lemniscate, 750 common, 230 reduced row-echelon form, 556
Length graph of, 231 representation, 567
of a directed line segment, 444 natural, 233 row, 552
of a vector, 445 Logarithmic models, 258 row-echelon form, 556
Library of functions, 72, 75, 77, 78, 93, Logistic curve, 263 row-equivalent, 554
94, 137, 149, 190, 230, 317, Logistics growth model, 258 scalar, 568
346 Long division of polynomials, 160 scalar multiplication, 568
Limagon with inner loop, 750 Lower limit of summation, 622 properties of, 570
Limit(s), 807 : Lawer quartile, A27 singular, 583
conditions under which limits do not Lower triangular matrix, 595 square, 552
exist, 810 * cofactor, 593
existence of, 821 M minor, 593
lndeten.mnate form, 818 Maguitude of a directed line segment, triangular, 593
at infinity, 835, 836 444 unf:oded m“f' 604
at 1nﬁmty for rational functions, 838 Magnitudc of a vector, 445 unique S:OIUHOI" 587
one-sided, 821 Main diagonal of a matrix, 552 upper triangular, 595
operations with, 811 Major axis of an ellipse, 704 ze.m, w1l
of polynomial and rational func- Mandelbrot Set, 178 Maximum r values, 748
tions, 816 Mathematical induction, 648 Mean, A22
properties of, 811 principle of, 649 Measure of an angle, 285, 287
of a sequence, 839 Mathematical model, A18 Measiite of central tendency, A22
of summation, 843 Matrix (matriccs), 552 Median, A22
Line graph, 4 addition, 568 . Metod! =
Line in the plane, 25 properties of, 570 of elum?an‘on, 499, 500, 502
equation of, 30 additive identity, 571 of substtation; 439
parallel, 31 adjoining, 584 Mfathoc_i of least squares, A3l
perpendicular, 31 smgmented, 553 M{dpqnt formula in space, 771
slape of, 25 back-substitution, 555 M{dpoTnt Form}.lla, 7
slope-intercept form, 29 coded rovw: 604 Mfdpomt'of a line St.agment, 7
Line plot, Al5 costicient, 553 anor axis of an elhpSFT, T04
Line test for a function . cofactor, 593 Miner of a square malrix, 593
horizontal, 124 column, 552 Mode, A22 ‘
vertical, 80 Cramer’s Rule, 601, 602 Modulus ?f a compl::x number in
Linear combiuations, 449 determinant of, 591, 594 _ trigonometric form, 468
Linear equation diagonal of, 595 Mult%plv.'e-ax}gle formula, 411
in one variable, 38, A33 elementary row operation, 554 gl
row-echelon form, 509 entry of, 552 of coleex numbers, 176, 469
Linear exirapolation, 28 equality of, 567 of funct‘lons, i
Linear Factorization Theorem, 182 expanding by cofactor, 593 °f.m?m(_:es’.5?2 g
Linear function, 136 fiauss Tondarcelimimilion: S50 Muluphcauv? identity property for a
Linear inequality, 55, 526 Gaussian elimination with back ) ‘ma‘tnx: 574 _
Linear interpolation, 28 sbstifution. 558 Multfpl{c.atwe inverse for a matrix, 582
Linear programming, 535 identity, 574 Multiplicity of a. zero, 152
constraints, 535 inductive, 594 Mutually exclusive event, 678
feasible solution, 535 inverse of, 582 N
objective function, 535 invertible, 583
Linear speed, 289 . lower triangular, 595 Napier, John (1550-1617), 241

Locus, 696 main diagonal of, 532 Natural base ¢, 220



Natural exponential function, 220
Natural logarithmic function, 333
properties of, 233
Negative
angle, 284
of a vector, 446
Nonrigid transformation, 105
Nonsingular matrix, 583
Nonsquare system of linear equations,
513
Nommally distributed, 262
nth partial sum, 633
nth root of 2 complex number, 472,
473
of unity, 474
sth roots of unity, 474
nth term of a sequence, 619
arithmetic, 630
formula for, 630
geometric, 639
Number(s)
complex, 174
critical, 58
Number of sclutions of a linear system,
511

o

Objective function, 535
Oblique asymptote, 202
Obligue triangle, 428
area of, 432
Obtuse angle, 286
Octants, 770
0Odd function, 94
triponometric, 299
Omne cycle on a cosine curve, 323
One cycle on a sine curve, 323
One degree of an angle, 287
One-sided limit, 821
One-to-one function, 124
Operations with limits, 811
Opposite side of a triangle, 303
Optimal solution of a linear program-
ming problem, 535
Optimization, 535
QOrder of a matrix, 552
Order of subtraction, 25
Ordered pair in Cartesian plane, 2
Ordered triple, 509
Orientation, 732
lefti-handed of a three-dimensional
coordinate system, 770
right-handed of a three-dimensicnal
coordinate system, 770

Origin

in Cartesian plane, 2

in a polar coordinate system, 739
Orthogonal vectors, 460, 778
Outcome in probability, 674
Cutput, 74

P

Parabola, 13, 136, 697, 754
axis of, 137, 697
classifying by general equation, 719
directrix of, 697
focal chord of, 699
focus of, 697
latus rectum of, 699
reflective property of, 699
standard form of, 697
tangent line to, 699
vertex of, 137, 697
Parallel lines, 31
Parallel vectors, 779
Parallelogram Law, 446
Parameter, 731
Parametric equation, 731
Parametric equations of a line in space,
791
Partial fraction, 515
decomposition, 515
Partial sum of an infinite arithmetic
sequetice, 633
Pascal’s Triangle, 658
Period
of a function, 208
of simple harmonic motion, 359
of sine and cosine curves, 326
Periodic function, 208
Permutation, 666
distinguishable, 668
of n elements taken r at a time, 666,
667
Perpendicular lines, 31
Phase shift, 327
Pixel, 16
Plane
Cartesian, 2
complex, 178
curve, 731
rectangular coordinate, 2
Planes in space
angle between two planes, 794
distance between a plane and a
point, 797
general equation of, 793
sketching, 796

Index Q189

T

standard equation of, 7%
trace, 774, 796
Point of diminishing returns, 158
Point of intersection, 43, 489, 492
Point-plotting method of g Iaphing, 14
Peint-slope form of an equation of a
line, 2
Polar axis, 739
Polar coordinaie, 730
Polar coordinate system, 739
Polar equation
of conics, 755
graphs of, 745
in parametrilk form, 746
special grapPs of, 750
Polar-to-rectangular conversion, 741
Pole in a polar jcoordinate system, 739
Polynomial(s)
division of, 60
factors of, 184 _
possible rational zeros, 166
test interval,f 58
Polynomial eq'lfation, 136
Polynomial fuy Iction, 136
continuous, 147
graphs of, 1-;-‘&7
Leading Coefficient Test, 149
lower boun], 168

r

real zero of,|151
upper bound, 168
zero of, lS(j 151
Polynomial function of x with degree
n, 136
Position equatipn, 62, 518
Positive angle, 284
Power-reducing formulas, 413
Powers
of complex numbers, 47#
of integers sequence
sth term of, 652
sums of, 652
Probability, 67
event, 674,675
certain, 675
complement, 681
impo'ssiblle, 675
independint, 680
mutually ‘ xclusive, 678
experiment, 674
outcomes, 674
sample spacg, 674
union of twg events, 678
Produecer surplys, 530
Product and quotient of twg complex
numbeis, 469
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Product

of complex numbers, 176, 469

of functions, 109 * .

of matrices, 572 ]
Prodoct-to-sum formulas, 415
Projection of vectors, 461
Proper rational expression; 161: .,
Properties .

algebraic, of the cross product, 783

of complex numnberss 176

of the dot prodﬁcl, 458

geometric, of the cross product, 786

*:geometric, of the triple scalar
product, 788

of inequalities, 54, 55

jnverse, [21

of limits, 811

of logarithms, 230, 241

of matrix additicn, 570

of matrix multiplication,; 574- .

of matrix scalar multiplication, 570

of natural logarithms, 233 -

of sums, summaticn notation, 623

of vector addition and scalar multi-

. plication, 448 .

Pythagorean Theorem, 5 .

-

Quadrant, 2

Quadratic equation, 45
solution of, 45
trigonometric, 394

Quadratic Formula, 45

Quadratic function, 136
standard form of, 139 ‘

Quadratic model, 633

Quartile -
lower, A27
upper, A27 ‘

Quotient - -
of functions, 169 -
for polynomial division, 160 .
of complex numbers, 177, 469

R. )

Radian, 285
conversion to degrees, 288
Radius of a circle, 8
Range ,
of a function, 74, 81
sine and cosine, 298
Rational expression
improper, 161
proper, 161

Rational function, 189

Rational Zero Test, 166

Rationalizing technique, 819

Real axis, 178

Real coefficients, 184

Real numbers of trigonometric fune-
tion, 317

Real zeros of polynomial functions,
i51

Reciprocal function, graphs of, 337 -

Rectangular coordinate system, 2

Rectangular-to-polar conversion, 741

Recursive formula of an arithmetic
sequence, 631

Recursively, 620

Reduced row-echelon form, 556

Reduction formula, 406

Reference angle, 316

Reflections, 103

in the x-axis, 103, 326
in the y-axis, 103

Reflective property of a parabola, 699

Regression capabilities of a graphing
utility, xxii

Relation, 74

Relative makimum of a function, 91,
150

Relative minimum of a function_. o1,
150

Remainder for polynomtal division,

161
Remainder in synthetic division, 165
Remainder Theorem, 164
Repeated zero, 152
Resolution, 16 .
Resultant of vector addition, 446
Rhaeticus, Georg Joachim
(1514-1576), 304
Right-handed orientation of a three-
dimensional coordinate
system, 770
Right-handed system, 786
Right triangle definitions of trigono-
metric functions, 303
Right triangle, solving, 307
Rigid transformation, 105
Roat feature of a graphing utility, xx
Roots of complex numbers, 472
Rose curve, 750
Rotation
of axes, 722
invariants, 726
Row matrix, 552
Row of a matrix, 552

Row-echelon form, 509, 556
reduced, 556
Row-equivalent matrices, 534

S

Sample space, 674
Scalar, 568
Scalar multiple, 568
Scalar multiplication
for a matrix, 568
properties of, 568
of vectors, 446
propertics of, 448
Scatter plot, 4, A18
Secant, 296, 303
Secant line, 828
Second difference of a finite sequence,
653
Second-degree polynomial equation in
x, 453
Sequence, 618
arithmetic, 629 .
convergence of, 839
divergence of, 839
finite, 618
geometrie, 638
infinite, 618
limits of, 839 -
nth partial surn, 633 - vt
nth term of, 619 -~
recursively, 620 n
terms, 618 .
Series, 623
infinite, 623
nth partial sum, 623
Sigma notation, 622
Sigmoidal curve, 263
Simple harmonic motion, 358, 359
Sine curve, 323 .
amplitude, 325
horizontal translations, 327
one cycle, 323
Sine function, 296 -
domain of, 298
graph of, 323, 327
inverse of, 345, 347
period of, 326
range of, 298
special angles, 303 -
Singular matrix, 583
Sketching the graph of an inequality in
two variables, 525 .
Sketching planes in space, 796
Slant asymptote, 191, 202
Slope, 828 -

Il



Slope of a graph, 828
Slope-intercept form of an equation of
a line, 29
Slope of a line, 25
Solid analytic geometry, 770
Solution
dependent, 511
of an equation, 38
extraneous, 39
finding graphically, 41
independent, 511
of an inequality, 54, 525
in two variables, 525
points, 14
of a quadratic equation, 45
of a system of equations, 488
of a system of inequalities; 527
in two variables, 525
Solving :
an absolute value inequality, 57
an equation, 38
exponential equations, 247
an inequality, 54
a linear inequality, 525, 527
a linear programming problem, 535
logarithmic equations, 247
a polynomial equation, 45
a quadratic equation,
by completing the square, 45
by factoring, 45
by the Quadratic Formula, 45
right triangles, 307
the system of equations, 488
a trigonometric equation, 392
Speed, 289
angular, 289
Sphere, 772
standard equation, 772
Square of a matrix, 552
Square setting of a graphing utility,
xix, 18
Square system of linear equations, 513
Standard equation of a plane in space,
793
Standard equation of a sphere, 772
Standard form{s) '
of a complex number, 174
of the equation of a circle, 8
of the equation of an ellipse, 705
of the equation of a hyperbola, 713
of the equation of a parabola, 697
of an equation of a plane in space,
792
of an equation of a sphere, 772

of a quadratic function, 139
Standard form of a complex number
real part, 174
imaginary part, 174
Standard position
of an angle, 284
of a vector, 445

Standard unit vector notation for v, 777

Standard unit vector, 449
Stem-and-leaf plot, A15
Step function, 93
Substitution, method of, 488 ..
Subtraction _
of complex numbers, 175
of functions, 109
of matrices, 569
Sum(s)
of complex numbers, 175,
of a finite arithmetic sequence, 632
of functions, 109
of a geometric sequence, 641
of an infinite geometric sequence, .
642 '
of matrices, 568
of powers of integers, 652
properties of summation notation,
623
Sum and difference formulas, 404
Sum of the squared differences, A31
Summary of equations of lines, 30
Summary of function terrmnology. 81
Summation formulas and properties,
843
Summation notation, 622
index of, 622 .
lower limit of, 622 *
properties of, 623
upper limit of, 622
Som-to-product formulas, 416
Supplementary angles, 287
Surface in space, 774
Surplus
consumer, 530
producer, 530
Symmetric equations, 791
Symmetry
in polar coordinates, 746
with respect to the origin, 94
with respect to the x-axis, 94
with respect to the y-axis, 94
Synthetic division, 163
Systemn of equations, 488
consistent, 511
dependent, 511

Index A1T1

equivalent, 500
inconsistent, 511
independen{, 511
solution of,
with a umque solution, 587
System of 1ne(1uahues, 527 :
System of linear equations|
nonsquare, 513
square, 513

T

Table feature of a graphing utility, xviii
Tangent functiilm, 296
graph of, 334
inverse of, 347
spectal angl?s, 305
Tangent line, 835 _
to a graph of a function,| 826
of a parabola 699
Term
of an anthmleuc sequence, 630
of a geometric sequence| 639
ofa sequencle, 618
Terminal point Iof a directed line seg-
ment,
Terminal side of an angle, 284
Test for collinear points, 600
Test for odd anh even functions, 94
Test interval, 5
Tests for symmetry on polar coordi-
nates, 746
’Ihree-dimensijnal coordinate system,
514, 770 .
left-handed ¢rientation, 770
right-handed orientation,| 770
Trace, 774, 79
Trace feature of a graphing [utility, xix
Transcendental 'function, 216 ,
Transverse axis! of a hyperbpla, 713
Triangle ‘ -
adjacent 51de. of, 303
hypotenuse of 303
oblique,
area of, 432
opposite sideI of, 303
right, solving, 307
Triangular matrix, 595
Trigonometric equation, quadratic, 394
Trigonometric form
of a complex| nember, 468
argument of 468
modulus of 468
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Trigonometric function, 296, 303
of any angle, 314, 317
cosecant, 296;-303
cosine, 296, 303
cotangent, 296, 303
damping factor, 339
evaluating, 297, 298, 304, 305, 314
even and odd, 299
inverse, 398
involving multiple angles, 397
of quadrant angles, 315
of real numbers, 317
right triangle definitions, 303
secant, 296, 303
sine, 296, 303
tangent, 296, 303
Trigonometric identities, 306, 376, 384

Trigonometric values of common angles,

317
Trigonometry, 284
Triple-angle formula, 413
Triple scalar product, 788
geometric properties of, 788

U

Unbounded sequence, 178
Uncoded row matrices, 604
Undefined function, 78
Unique solution of a matrix, 387
Unit circle, 295
Unit vector, 445, 777

in the direction of v, 448
Upper and Lower Bound Rule, 168
Upper limit of summation, 622
Upper quartile, A27
Upper iriangular matrix, 595

v

Value of f at x, 76, 81
Value of a function, 76
Vartable
dependent, 76, 81
independent, 76; 81

Vector
addition of, 446
properties of, 448
angle between two nonzero vectors,
459, 778
component of, 461
component form of, 445, 777
cross product, 784
determinant form, 784
difference of, 446
direction, 791
direction angle, 430
direction numbers, 791
dot product of, 458
properties of, 458
horizontal component of, 449
length of, 445
linear combinations of, 449
negative of, 446
orthogonal, 460, 778
parallel, 779
projection, 461
resultant of, 446
right-handed system, 786
scalar multiplication of, 446
properties of, 448
standard position of, 445
standard unit, 449
triple scalar product, 788
unit, 445, 777
unit vector in the direction of v, 443
vertical component of, 449
zero, 445, 777
Yector components, 461
Vector i in space, 777
Vector j in space, 777
Vector k in-space, 777
Vector v in the plane, 444
Vectors in space, 777 F
Veriex
of an angle, 284
of an ellipse, 704
of a hyperbola, 713
of a parabola, 137

Vertical asymptote, 190

Vertical components of a vector, 449

Vertical line test for a function, 89

Vertical motion, 518

Vertical shift, 101

Vertical shrink, 101

Vertical stretch, 101

Vertical translation, 328

Viewing window of a graphing utility,
xviii

w
Work, 463
X

x-axis, 2

reflection of, 326
x-coordinate, 2
x-intercept of a graph, 39, 40
xy-plane, 770
xz-plane, 770

y-axis, 2

y-coordinate, 2

y-intercept of a graph, 39, 40
yz-plane, 770

z

Zero
of a function, 40
of polar equations, 748
of a polynomial function, 150, 151
repeated, 152
Zero feature of a graphing utility, xix
Zero matrix, 571
Zero vector, 445, 717
Zoom feature of a graphing utility, xx



COMMON FORMULAS

Temperature Distance
F= %c + 32 F = degrees Fahrenheit = 4= digtanes taveled
C = degrees Celsius =i
r = rate
Simple Interest Compound Interest
nt
1= Prt I = interest A= P(l * i) A = balance
P = principal P = principal
r = annual interest rate r = annual interest rate
{ = time in years n = compoundings per year
t = time in years
Coordinate Plane: Midpoint Formula Coordinate Plane: Distance Formula
X + Xy ¥ T Y2 : M 5
A {n?d!::omt of line sggmem d= Vg -2+ (v, - ) d = distance
joining (x,, y,) and (x,, y,) between points

(x;,¥,) and (x,, y,)

Quadratic Formula

If px) = ax? + bx + c,a # 0 and b? — 4ac > 0, then
the real zeros of p are

5 —b + Jb* — 4ac
2a ’
CONVERSIONS
Length and Area
1 foot = 12 inches . I yard = 3 feet I meter = 1000 millimeters
1 mile = 5280 feet 1 mile = 1760 yards 1 centimeter = 0.394 inch
1 kilometer = 1000 meters I meter = 100 centimeters I inch = 2.540 centimeters
1 kilometer = 0.621 mile 1 mile = 1.609 kilometers | acre = 4840 square ya_rds
I meter = 3.281 feet 1 meter = 39.370 inches 1 square mile = 640 acres
1 foot = 0.305 meter 1 foot = 30.480 centimeters
Volume
1 gallon = 4 quarts 1 quart = 2 pints 1 pint = 16 fluid ounces
1 gallon = 231 cubic inches 1 gallon = 0.134 cubic foot 1 cubic foot = 7.48 gallons
I liter = 1000 milliliters I liter = 100 centiliters
I liter = 1.057 quarts 1 liter = 0.264 gallon
1 gallon = 3.785 liters 1 quart = 0.946 liter
Weight and Mass on Earth
| ton = 2000 pounds I pound = 16 ounces I kilogram = 1000 grams

I kilogram = 2.205 pounds | pound = 0.454 kilogram 1 gram = 0.035 ounce




FORMULAS FROM GEOMETRY

Triangle
h = asin e
Area = lth

2 b
Laws of Cosines:
ct=a*>+ b®— 2abcos O

Right Triangle
Pythagorean Theorem:
2= g2 4 B2

L=
=
o

Equilateral Triangle
\/5 5

fx

h=

Area =

B
]
[

|
‘ @.
| |

Parallelogram
Area = bh

Trapezoid
Area = g{a + b)

o

Circle
Area = 7
Circumference = 27r

|

Sector of Circle

E
2
Area = B—

b

s=rf
(6 in radians)

Circular Ring
Area = w(R? — r?)
= 2mpw
(p = average radius,
w = width of ring)

Ellipse
Area = mab

2 2
Circumference = 27 g ; &

Cone
(A = area of base)

Al
Volume = —7'1

Right Circular Cone
2
Volume = = h
Lateral Surface Area = arr* + h?

Frustum of Right Circular Cone
7(r? + rR + R)h

3 C 3R

Lateral Surface Area = ms(R + r) %

Volume =

Right Circular Cylinder
Volume = 7r?h

Lateral Surface Area = 27rh

Sphere

Volume = g wr3

Surface Area = 47r?




Definition of the Six Trigonometric Functions Y
Right triangle definitions, where 0 < 6 < /2.
sin 6 = SBp: csc fl = hyp.
o= g byp. PP
Y“Qo §-_ cos 0 = L sec fl = —hy?'
0 1S hyp. adj.
Adjacent tan 6 = PP ¢t g = ad.
adj. opp.
Circular function definitions, where 8 is any angle.
y sin6=§ csc9=£
(x. ) Wi byt x r
: cos = — sec 8 = —
yi I xe r X
= 5 tan g =2 cotf="=
x ¥
j Double-Angle Formulas
sin 2u = 2 sin u cos u
Richitodl Tesilities cos2u =cos?u —sinffu=2cos?u—1=1-—2sin’u
p 1 1 tan 2u = ﬂ
sinu = cosu = tanuy = —— 1 — tan? u
csc u sec u cot u
e T 1 — Power-Reducing Formulas
sty sin u COS U tan u ’ 1 — cos 2u
S
Quotient Identities 2
4 1 + cos 2u
2oy Sl 0SSl
tanu = X cotu =24 Lot~ 2
cos u sin u
1 — cos 2u
Pythagorean Identities =
sinu + cos?u = 1
1 + tan®u = sec?u 1 + cot?u = csc®u Sum-to-Product Formulas
? : i e R u—v
Cofunction Identities sinu +siny =2 Sm( 2 ) 005( 2 ) ‘g
sinz—u = CcOoS u cotlr—u = tan u utv u—v ::r-')h
2 2 sinu——sinv=2cos( 2 )sin( 3 ) ..'__;_'Y—;
T , T CE o
i cos|l— —u| =sinu sec|l— — u| =cscu E. u+v u—v ~J =t
2 2 cos u + cos v = 2 cos 5 ) cos\ - — S
a . @ &=
tan(— — u| = cotu escl— —u| =secu fu+v\ | (u—v i =
2 2 cosu — cosv = —2 sin| —= sin U
7 )\T) 28BS
Even/Odd Identities Sradbcina f-:}—’ ! g
uct-to->um rormiuas i
sin(—u) = —sinu cot(—u) = —cotu ’
cos(—u) = cos u sec(—u) = secu sin u sinv = %[cos(u —v) — cos(u + v)]
tan(—u) = —tan u csc(—u) = —cscu
2 COS 1t COS ¥ = l[cnos(u — v) + cos(u + v)]
Sum and Difference Formulas 2
R it - [ .
B s cos t“_m“‘“_n ? sin u cos v = ~[sin(u + v) + sin(u — v)]
cos(u + v) = cos i cos v F sin u sin v 2
1
tan(u + v) = M cos u sin v = —[cos(u + v) — sin(u — v)]
1 ¥ tan i tan v 2




