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Answers to Odd-Numbered Exercises

Chapter 1
Section 1.1 (page 8)
1 b 2.d 3. a 4. c
5. Y 7. Y
ol 1
(4,4)
4T @3
0,2 /
2.1
A
40,1
9. Y 11. y
6 2+
D D IR A A
2T 06
4T _A4,-9)
x 6 J1-9)
(0,-6)
el
13. Y 15. 5
3 (1,3 (~4.00, 3)
4 \e) G
&1 -6 6
¢3-n *
7S ISR R A R
-1+ -3
Nz (22 _ _
A 1 (@ y=173 (b) x=—4
17. (0,-5),(30)  19. (0,~2),(~2,0),(1,0)
21. (0,0), (4,0),(—4,0) 23. (0, 2), (4,0) 25. (0,0)
27. Symmetric with respect to the y-axis
29. Symmetric with respect to the x-axis
31. Symmetric with respect to the origin 33. No symmetry
35. Symmetric with respect to the origin
37. Symmetric with respect to the y-axis
39. Y 41. Y
2%(0.2)
1
AL
I IR
-1
Symmetry: none
43. y
sl
ol
2l

Symmetry: none

Symmetry: none

47.

67.

69.
71.

73.
75.
77.

y 49 y

w
N A O ©

I

t

origin

Symmetry: x-axis
(@ y = 0.005t? + 0.27t + 2.7
(b) 16

0 l————————— |30
0

The model is a good fit for the data.
(c) $21.5trillion
4480 units
@ k=4 (b)k=—3
(¢) All real numbersk (d) k=1
Answers will vary. Sample answer: y = (x + 4)(x — 3)(x — 8)
(@) and (b) Proofs
False. (4, —5) is not a point on the graph of x = y? — 29.

79. True
Section 1.2 (page 16)
1. m=2 3 m=-1
5. Y 7. Y
3+ 71
2T /(5, 2 6+ (4,6)
1+ 5+
- x 4t
-1 ] 123 56 7 3l
ol , L
—34 14 41
-4t (3.-4) — —— > X
51 -2-1 | 1 2 3 5 6
m=3 m s undefined.
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A36

13.
15.
17.

21.

25.
29.
31.

Answers to

y
N
b/t
A — —t—t>x
-3 -2 1 2 3
m= 2

Odd-Numbered Exercises

mis undefined.

Answers will vary. Sample answers: (0, 2), (1, 2), (5, 2)
Answers will vary. Sample answers: (0, 10), (2, 4), (3,1)

X—4y+12=0

5+

m =4, (0, —3)

19. 2x — 3y =10

23. (@ 5 (b) 10/10ft

27. m= —%,(0,4)

m is undefined, no y-intercept

8 (4,8)
6
4t
Pan
(0,0)
t } } t } X
R 2 4 6

33. !

37. Y

41. 8x+3y—40=0

47.
53.
57.
59.
61.
63.
67.

69.
73.

75.
77.

79.

81.
87-91. Proofs

Section 1.3

11.
13.
15.
17.

© N WP

X—6=0 45. 22x -4y +3=0

y y

4

©9 6

6T 2

1 1d(o, 2

! (6.3) ——— (141) —> X
2+ -4 -3-2-1 1 2 3 4
> S ae

ol
Xx—3=0 49. 3x+2y—6=0 51. x+y—-3=0
XxX+2y—5=0 5. @ x+7=0 ((byy+2=0
@ x—-y+3=0 (bL)yx+ty—-7=0

@ 2x—-y—-3=0 ((b)yx+2y—-4=0
(@ 40x— 24y —9=0 (b) 24x+ 40y —53=0
V = 250t + 1350 65. V = —1600t + 20,400
Not collinear, because m; # m,
(0, -+ b+ cz) 7. <b, a2 — b2>
2c c
(@) Thelineis parald to the x-axiswhena = 0and b # O.
(b) Thelineisparallel to they-axiswhenb = Oand a # 0.
(c) Answerswill vary. Sampleanswer: a= —5andb = 8
(d) Answerswill vary. Sample answer: a = 5andb = 2
(e a=3andb=3
5F — 9C — 160 = 0; 72°F = 22.2°C
(@) Current job: W = 2000 + 0.07s
Job offer: W = 2300 + 0.05s
(b) 3500

:120,000

ol . . . ..
1500

You will make more money at the job offer until you sell
$15,000. When your sales exceed $15,000, your current
job will pay you more.
(¢) No, because you will make more money at your current job.
(@ x = (1530 — p)/15

(b) o0 (c) 49 units

0 1600
0

45 units
12y + 5x — 169 =0
93. True

83. (5./2)/2 85 2.2

95. True

(page 27)

0 -25 (€ 7b—4 (d) 7x—11
@5 (MO0 (1 (d)4+2t—t2

@1 MO0 (-3 @1

3% + 3XAx+ (Ax)2, Ax# 0

(VX=1 = x+ 1)/[(x - 2(x - 1)]

Domain: (—oo, c0); Range: [0, co)

Domain: (—oo, oo); Range: (—oo, o)

Domain: [0, oo); Range: [0, oo)

Domain: [—4, 4]; Range: [0, 4]

@ —4
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19. Domain: All real numberst such that t # 4n + 2, wherenis (e Y ) Y
an integer; Range: (—oo, —1] U [1, c0) ——+ f | >
21. Domain: (—oo, 0) U (0, co); Range: (—co, 0) U (0, co) 2
23. Domain: [0, 1] 4 ;
25. Domain: All real numbers x such that x # 2n, wherenisan 6 B
integer i
27. Domain: (—co, —3) U (—3, o0) »
20.(8 -1 (2 (©6 (d)22+4
Domain: (—oo, co0); Range: (—oo, 1) U[2, c0) (9) Y (h) y
3.4 (O (0 -2 (d —hk? —— o]
Domain: (—oo, oo); Range: (—oo, 0] U [1, o0) - 4+
35, 27\ /J
S \ s . /
24 2+ ol
-4+ 4t
N
24 e 63. (@ 3x (b) 3x—8 (¢) 12x—16 (d) 3x—1
L ‘ ) | 65. (80 ()0 (0 -1 (d) V15
B N © VX2—1 (f)x—1(x=0)
Domain: (— oo, o) Domain: [6, cc) 67. (f>g)(x) = x; Domain: [0, o)
Range: (—oo, o0) Range: [0, co) (g<f)(x) = |x|; Domain: (—oo, co)
37. y 39. y No, their domains are different.
5T 3 69. (fog)(x) =3/(x* - 1);
T 2 Domain: (—oo, —1) U (—1,1) U (1, c0)
2+ . (g-f)(x) = (9/x3) — 1; Domain: (—oo, 0) U (0, o)
‘T X 1 3 ! No
“4-3-2-1 | 1 23 4 7. @ 4 (b) -2
:z: (c) Undefined. The graph of g does not exist at x = —5.
. . (3 (¢ 2
Domain: [~3, 3] Domain: (oo, o) (f) Undefined. The graph of f does not exist at x = —4.
Range: [0, 3] Range: [ -3, 3] 73. Answers will vary.

Answers to Odd-Numbered Exercises

41. The student travels% mile/minute during the first 4 minutes, is Sample answer: f(x) = /X; gx) = x — 2; h(x) = 2x
stationary for the next 2 minutes, and travels 1 mile/minute 3 3 ' '
during the final 4 minutes. I (6.1) (.4) . (b) .(2’ -4 .
77. fiseven. gisneither even nor odd. h is odd.

51.
53.

. yisnot afunction of x.
47.

y isnot a function of x.

45. yisafunction of x.

49. yisnot afunction of x.
Horizontal shift to the right two units;y = /x — 2
Horizontal shift to the right two units and vertical shift down
oneunity = (x — 22 -1

79.
81
83.

Even; zeros. x = —2,0,2

Odd; zeros: x = 0,

m
2
flx) = —-5x—6,-2<x<0

+ nar, where nis an integer

8. y=—-JV/—X

55.d 5.b 5.c 58a 5%.e 60 g 87. gﬁgg;‘:‘gxgr’?ry' 8. g‘r:gli::‘gx&’?ry'
61. (a) y (b) y , : , :
4f . _
I o 3 3
‘ e g ¢
5 ) / ; . 8
272” 2[4 6 8 = g
< B
—4-+ '§ g
64 & z
Time (in hours) Price (in dollars)
d y
@ ‘ L 91. c =25
-4 6 93. (a) T(4) = 16°C, T(15) ~ 23°C

(b) The changes in temperature occur 1 hour later.
(c) Thetemperatures are 1° lower.
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A38 Answers to Odd-Numbered Exercises

95. (a) Y (b) A(25) = 443 acres/farm
400
300
200

acres per farm

100

Average number of

10 20 30 40 50 60
Year (0> 1960)

X—2, x=2

7 M0 =+ k-2 = o | 0<x<2
—2X+2, x=<0
2X 2
99-101. Proofs  103. L= /»® + <m>

105. False. For example, if f(x) = X2, thenf(—1) = f(1).
107. True

109. False. f(x) = 0issymmetric with respect to the x-axis.
111. Putnam Problem A1, 1988

Section 1.4
1. (a) and (b)

(page 34)
(c) $790

1000
900
800
700
600

X
900 1050 1200 1350

Approximately linear
3. (8 d = 0.066F
(b) 10

0

0

The model fits well.
(c) 3.63cm
5. (@ y=0.122x + 2.07,r = 0.87
(b) 60

(c) Greater per capitaenergy consumption by a country tends
to correspond to greater per capita gross national product
of the country. The three countries that differ most from
the linear model are Canada, Italy, and Japan.

(d) y = 0.142x — 1.66, r = 0.97

7. (8 S= 180.89x*> — 205.79x + 272

(b 25,000

(c) Whenx = 2, S= 583.98 pounds.

(d) About 4 times greater

(e) About 4.37 times greater; No; Answers will vary.
9. (@ y = —1.806x% + 14.58x> + 16.4x + 10

(b) 3w (c) 214 hp

0 7
0

11. (a) y, = —0.0172t3 + 0.3052 — 0.87t + 7.3
y, = —0.0382 + 0.45t + 35
y, = 0.00635 — 0.072t2 + 0.02t + 1.8
(b) 20

Y1+Y,+Y;
_\_,_,_F'-"Fﬂ
)

>

L

Y3

0 1
0

About 15.31 cents/mi
13. (8 Yes. Attimet, thereis one and only one displacement y.
(b) Amplitude: 0.35; Period: 0.5
(c) y=035sin4at) + 2
d ¢

(0.125, 2.35)

(0.375, 1.65)

0 0.9
0

The model appears to fit the data well.
15. Answerswill vary.  17. Putnam Problem A2, 2004

Section 1.5 (page 44)

1 (a f(gx) =5[(x — 1)/5] + 1 =x;
o(f(x) = [(5x + 1) — 1]/5 = x
(b)
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5. (3@ f(g) = VX2 +4—-4=x
6(100) = (VX =4+ 4 = x

17.

21.

23.
25.
27.

29.

(b)

(b)

. C
13.

y

124

- (@ f(g()

L 4
4 6 8 10 12

1 . p—
= m =x; g(f(x) =
y
2]
2L\ =9
1
N IR
10. b 11. a

X

12.

d

One-to-one, inverse exists.  15. Not one-to-one, inverse does

\

IL_B

One-to-one, inverse exists.

-10

One-to-one, inverse exists.

7

200

A

-50

19.

not exist.

T

-1
Not one-to-one, inverse does
not exist.

Not one-to-one, inverse does not exist.

One-to-one, inverse exists.

@ fx) = (x+ 3)/2

(b)

y

(8 f1(x) = x/5

(b)

(c) fandf~*aresymmetric
abouty = x.

(d) Domain of f and f ~%:
(=00, 0)
Range of f and f ~:
(=00, 0)

() fandf~*aresymmetric
abouty = Xx.

(d) Domain of fand f ~%;
(=00, )
Range of f and f ~L;

(=00, 0)

31

33.

35.

37.

39.

41.

Answers to Odd-Numbered Exercises

A39

@ f M=% x=0
(b) () fandf~*aresymmetric
abouty = x.
(d) Domain of fand f ~L:
[0, o)
Range of f and f ~*:
[0, o0)
@ fix=vV4—-x3, 0=x=<2
(b) ¥ () fandf~1aresymmetric
abouty = Xx.
* (d) Domain of fand f %
24 f=f-1 [0, 2]
. .\ Range of f and f ~: [0, 2]
I S S
@ fx=x+1

(b)

A

-2

(@ fx) =x¥2

(b) ¢

f-1

0
0

x=0

3

@ 1% = V7x/V1 -,
(b) 2
f*l
f
_3 3
-2
X 0|1]|2]| 4
f(x) 1123 |4
X 112|134
f2ix) [0 1]|2]4

(@ Answerswill vary.
(b) y=%(80 — %)
X: total cost
y: number of pounds of the |less expensive commodity
(c) [62.5,80]; The total cost will be between $62.50 and

$80.00
(d) 201b

(c) fandf~*aresymmetric
abouty = x.

(d) Domain of fand f ~%;
(=00, )
Range of f and f ~1:
(=00, 00)

(c) fandf~*aresymmetric
abouty = x.

(d) Domain of fand f %
[0, o)

Range of f and f ~1:
[0, o0)
—1l<x<1

() fandf~*aresymmetric
abouty = x.

(d) Domainof f: (— oo, c0)
Rangeof f: (—1, 1)
Domainof =% (-1, 1)
Range of f % (— oo, o0)
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A40

45.

49.
51.

53.
55.

57.
59.

63.

65.

75.
79.

81.

83.

One-to-one; f 1(x) = x2 + 2,

X —

One-to-one; f 1(x) =

Answers to Odd-Numbered Exercises

x=0 47. Not one-to-one

b,a#O

The function f passes the Horizontal Line Test on [4, oo), so it

is one-to-one on [4, co).

The function f passes the Horizontal Line Test on (0, oo), so it

is one-to-one on (0, o).

The function f passes the Horizontal Line Test on [0, 7], so it

is one-to-one on [0, 7.

Answerswill vary. Sample answer: f1(x) = /x+ 3, x = 0

@ !

<

(b) Answerswill vary.
Sample answer: [—5, oo)

(© fix)=/x—5

(d) Domain of f =% [0, c0)

@ t

61 (a) y

(b) Answerswill vary.
Sample answer: [4, oo)

(© fix)=2+ /x2+ 4

(d) Domain of f =% [0, c0)

(b) Answerswill vary. Sample answer: [0, 7]

(o fx = arccos(%)
(d) Domainof =1 [—3, 3]

1 67. g 69. 2 71. 32 73. 600
(@1t 90 =X2F 7 (teg i = X0

(a8 fisoneto-one because it passes the Horizontal Line Test.

(b) [-2,2]
(c) —4
y
4 fb
3
. /
ENR SRR
2
-3
-4
@l —1 [ —os | —06 | —04 | —02
y | —157 | —093 | —064 | —041 | —020
x| olo2] 0406 o08] 1
y | 0] 020041064093 157

85.
89.

99.

107.

111.

117.

121.
123.

125.

127.
131.

(b) \ (© Z

(d) Intercept: (0, 0); Symmetry: origin

(= v2/2,3m/4), (1/2, w/3), (V/3/2, w/6)  87. /6
7/3 9l w/6 93 —m/4  95. 250  97. 0.66
_ w2

~01 10L x 103 7”)(’( 105. %

3 5 13
@¢ (3 109 (@ -V/3 -5

2 __ 2 _

JI—%2 13 7”])41 115. 7”(39
x=3sin(}) + o ~1207 119 x =}

(0.7862, 0.6662)
Let y = f(x) be one-to-one. Solve for x as a function of .
Interchange x and y to get y = f~(x). Let the domain of f~*
be the range of f. Verify that f(f~1(x)) = xand f~1(f(x)) = x.
Sample answer:

f(x) = x3
y=x

x =¥y

y =¥x
f-1(x) = ¥/x

The trigonometric functions are not one-to-one. So, their
domains must be restricted to define the inverse trigonometric
functions.

arcs n(L) 129. Answerswill vary.
X2 + 81

<

133. v

24 (0.-2) B o
135. f~%(8) = —3  137-139. Proofs
141. Fase Let f(x) = x2
2
143. Fase arcsin? 0 + arccos? 0 = (7—27> #1
145. True 147. Answerswill vary. 149. Proof
—b — VP = 4ac + dax
151 f-3(x) — b b? — dac + dax
2a
153, ad — be # 0; f-1(x) = 2~ &
CX —a
Section 1.6 (page 53)
L@125 B9 ©35 @3
3@5 M5 (©s (@22
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29.

33.

37.

47.
54.

- (@
X =
15.
21.
25.

X =
X =

& (b) e (c)é ) &

4 9.x=4 1. x=-5 13 x=-2
2 17.x=16 19. x=In5~= 1609
—3 2327182805 < e

y 27. y

<

31 !

-1 1 2 3
y 35 Y
6
3+
51
4+ 24

—_— . L L X
S e

1 2 3

. Domain: (—oo, o)
41. Domain: (—oo, 0]
. Domain: (—oo, o)

(©

c
d

1
7 (b) 3
flg /
-2 -E"_:i 4
= -
Tranglation two units to Reflection in the x-axis
the right and vertical shrink
7
f
q
-4 8
-1

Reflection in the y-axis and trand ation three units upward
48.d 49.a 50.b 5L y=23 53. b
55.a 56.¢c 57.In1=0 59 €Po%BL..=2

65.

69.
73.

77.

79.

81.
87.
89.
93.
97.

101.

107.
109.
111.
115.

Answers to Odd-Numbered Exercises

3+

24

34

Domain: x > 0
y

o1
3t
2t
1

———

.

oL

st

ot

Wt = — =

Domain: x > 3
gx) = —e—8

5

71.

Ad1

67. !

Domain: x > —2
gx) =Inx -5 —1
75. 5

-15

15

(© Answerswil.l vary.
(@ fHx) =e¥2+1
(b) o

(c) Answerswill vary.
X2 83. 5x + 2
(@) 1.7917
Inx —1In4
Inx + %In(x2 +5)
2+1In3 99. In(7x)
X=2 103 In
X+ 2
@x=4 (b)x=3
(@ x = e ~ 7.389
x> In5 113. e 2 <
3

In

f=g

Ta—

-3

3/ XX + 3)?

85. —1 + 2x

(b) —0.4055
91. Inx+Iny —1Inz

95. 3[In(x — 1) — Inx]

(C) 43944 (d) 0.5493

9
a1 105 I

(b) x=1n4~= 1.386

X< 1
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A42

Answers to Odd-Numbered Exercises

117. Answerswill vary. 119. Answerswill vary. 23.2x+3y+6=0 25. Y
121. (a) False (b) True.y = log,x Y T
(c) True. 2y = x (d) Fase 3T sl
123. B = 10log,, | + 160 1 a1
125. False. Inx + In 25 = In 25x N L 1
127. 4 (—0.7899, 0.2429), - \ e Lt
o (1.6242, 18.3615), ) B S A A A
and (6, 46,656); :4,\
, , Asxincreases, f(x) = 6% grows
) ! more rapidly. 27. it 20. x -4y =0
. . y
129. (a) 6 Domain: (— oo, 00) ; al
L i
o o DI A I A 1t
-2 -4 1 | 1234
3 1
-6
5l
(b) Proof T
© Fix) = e -1 3L (8 7x — 16y + 101 =0 (b) 5x — 3y +30=10
2¢" (© 4x—3y+27=0 (dx+3=0
131. 12! = 479,001,600 33. V = 12,500 — 850t; $9950
Stirling's Formula: 12! = 475,687,487 3. @4 (029 () -11 (d)5t+9
133. Proof 37. 8x + 4 Ax, AX # 0
Review Exercises for Chapter 1 (page 56) 39. Domain: (oo, 20); Range: [3, o)
41. Domain: (—oo, oo); Range: (—oo, 0]
1. %0).,0,-8 3 (30,(0,3 5 Notsymmetric 43, Y 45, y
7. Symmetric with respect to the x-axis, the y-axis, and the origin 4t 4T
3+ 3t
9, 1 oL
1+ 1+ O
NERANEXEE BN R I
ot ol
2l sl
at b
Not a function Function
47. f(x) = x® — 3x?
Symmetry: none Symmetry: origin 6
13, v 15. (-2,3) j
1 17. (— ©.9
\5l(o’ 2 ( 2: 3): (3: 8) -6 6
3 (2,-4)
2 6
‘ H . \eo @ gx)=—-x+3x+1
SNRRERE * (b) gx) = (x — 23— 3(x — 22+ 1
49 (a) 100 (b) 300
Symmetry: none
19. v 21 7x—4y —41=0 /\
5T B -2 10
o 4 10 Il,f
i 58 x -25 -100
:W ( 2) © 200
s 3 -4 ll"‘ "II 10
P (?,1)‘ .
1 2 3 4 s
3
m= ? -800
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Answers to Odd-Numbered Exercises A43

51. For company (a), the profit rose rapidly for the first year and 73. %[In(Zx + 1)+ In(2x — 1) — In(4x2 + 1)]

then leveled off. For company (b), the profit dropped and then o3
rose again later. 75. |n<3” 4-x ) 77. x = & — 1 ~ 53508
53. Eg ym: —1.204x + 64.2667 79, (@ 1-1(x) = &
(b) 2 _ (c) Answerswill vary.
L f-
° f
L) S 3 _/“') 3
0 33 (
0 -2
() The data point (27, 44) is probably an error. Without this 81 y

point, the new model isy = —1.4344x + 66.4387.
55. (a) y=0.61t2 + 11.0t + 172
(b) 12.00

0
The model fits the data well.
57. (@ fix) =2x+ 6

PS. Problem Solving (page 59)

(b) 7 (c) Answers will vary. 1. (d Center:3 (3, 4); Radiuss,: 5 . .
¥ b y=-3x ©y=ix-3 @ (-3

e 3. {

-11 %./f- 10 4

al

21

-7 IR S —
59. (@ f"Yx)=x2—-1,x=0 S
(b) 4 — (c) Answerswill vary. Ll
ot
s f/ 6

@ ! (b) \

4+ a1
-2 3+ 31
61 (@ i) =x—-1 21 o]
1T 1+
(b) :
———1 > x e ———f> X
fot -4 -3 -2 —;1' 1 2 3 4 -4 -3 -2 —]Ll” 12 3 4
f _— K
-4 l"-- 5 -3 -3+
A ot -t
h
-2 (C) y (d) y
(c) Answerswill vary. s P
63. y 65.; 67.d 68 a .l T
ot 69. c 70. b 1+ —_—
— R W DI I I
} t t t x
-6 -4/ -2 2 -3+ 34
4+ a4
ol
ot (€) t (f) !
a4+ 4+
71. Y 3t sl
2l _
5T 1+ 1+ ~——
T DI (SR DI AP I
3+ o4 ot
2+ -3+ -3+
ot Ll
1
t t t t t X
1 2 3 4 5
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Ad4 Answers to Odd-Numbered Exercises

5. (@) A(x) = x[(100 — x)/2]; Domain: (0, 100)
(b) 1600

0 110
[

Dimensions 50 m x 25 m yield maximum area of 1250 m?.
(c) 50 m x 25 m; Area = 1250 m?
7.T(0) =[2/4 ¥ + JB - x? + 1)/4
9. (a) 5,less (b) 3, greater (c) 4.1, less
(d) 4 +h (e) 4; Answers will vary.
11. (a) Domain: (—oo, 1) U (1, oo); Range: (—oo, 0) U (0, o0)

() F(F(x) = X;Xl; Domain: (=00, 0) U (0, 1) U (1, 50)

(c) f(f(f(x))) = x; Domain: (—oo,0) U (0,1) U (1, o)
(d) ,

The graph is not a line because there are holes at x = 0 and

x =1
13. (a) x = 1.2426, —7.2426 15. Proof
(o) (x+3)2+y?>=18 y
y al
8
6 -v2,00 T (V2,0
\ [

-2 2

‘ -1+ (0,0)

-24

Chapter 2
Section 2.1 (page 67)

1. Precalculus: 300 ft
3. Calculus: Slope of the tangent line at x = 2 is 0.16.
5. (a) Precalculus: 10 square units
(b) Calculus: 5 square units
7. (a) Y

(b) 133
(c) 2; Use points closer to P.
9. Area =~ 10.417; Area = 9.145; Use more rectangles.

Section 2.2 (page 75)
1.
X 3.9 3.99 3999 | 4
f(x) | 0.2041 | 0.2004 | 0.2000 | ?
X 4.001 4,01 4.1
f(x) | 0.2000 | 0.1996 | 0.1961
. X —4 o1
lmm =~ 0.2000 (Actual limit is g)
3.
X -0.1 —-0.01 —-0.001 | O
f(x) 0.9983 | 0.99998 | 1.0000 | ?
X 0.001 0.01 0.1
f(x) | 1.0000 | 0.99998 | 0.9983
lim 2% < 10000 (Actual limit is 1.)
x—0 X
5.
X -01 | —0.01 | —0.001 | O
f(x) | 0.9516 | 0.9950 | 0.9995 | ?
X 0.001 0.01 0.1
f(x) | 1.0005 | 1.0050 | 1.0517
=1 .
lim ~ 1.0000 (Actual limitis 1.)
x—0 X
7.
X 0.9 0.99 0999 | 1
f(x) | 0.2564 | 0.2506 | 0.2501 | ?
X 1.001 1.01 11
f(x) | 0.2499 | 0.2494 | 0.2439
lim X —2— ~ 0.2500 (Actual limit is 1.)
x—>1X2 +X—6 4
S X 0.9 0.99 0999 |1
f(x) | 0.7340 | 0.6733 | 0.6673 | ?
X 1.001 1.01 1.1
f(x) | 0.6660 | 0.6600 | 0.6015
oxr -1 2
lm 1 0.6666 (Actual limit is §.>
L X —-6.1 —6.01 —6.001 | —6
f(x) | —0.1248 | —0.1250 | —0.1250 | ?
X —5.999 —5.99 —-59
f(x) | —0.1250 | —0.1250 | —0.1252
VIO =X =4 41950 (Actual limit is —1.)
x——6 X+ 6 8
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13.

X —-01 | -001| —0.001 | O

f(x) | 1.9867 | 1.9999 | 2.0000 | ?

X 0.001 0.01 0.1
f(x) | 2.0000 | 1.9999 | 1.9867

lim SIN2X _ 5 0000 (Actual limit is 2.)
X—>
= 19 | 199 | 1.999 | 2

f(x) | 0.5129 | 0.5013 | 0.5001 | ?

X 2.001 2.01 2.1

f(x) | 0.4999 | 0.4988 | 0.4879

lim MX =102 _ 4 5000 (Actual limit is 1.)
X—2 X — 2 2
7.1 19.2

21. Limit does not exist. The function approaches 1 from the right
side of 2, but it approaches —1 from the left side of 2.

23. Limit does not exist. The function oscillates between 1 and —1
as x approaches 0.

25. (a) 2
(b) Limit does not exist. The function approaches 1 from the

right side of 1, but it approaches 3.5 from the left side of 1.

(c) Value does not exist. The function is undefined at x = 4.
d 2

29. Y

lim f(x) exists for all points
on the graph except where
c=4
3. §=04 33 5= ~0001
35. L = 8; Let§ = 0.01/3 = 0.0033.
37. L =1;Lets=0.01/5 = 0.002. 39. 6
43. 3 45. 0 47. 10 49. 2 51. 4

41. -3

53. 05 55, 1
S -
-6 6
0 10
-0.1667 0
1mf(x) =3 1ergf(x) 6

Domain: [—5, 4) U (4, o)
The graph has a hole at x = 4.
57. (a) 1

Domain: [0, 9) U (9, oo)
The graph hasa hole at x = 9.

Answers to Odd-Numbered Exercises A45

OFT 3 [ s3] 34 | 35
C | 1157 | 12.36 | 1236 | 12.36
t | 36 | 37 | 4
C | 1236 | 1236 | 12.36
lim C(t) = 1236

OFc T 2 25 [ 20 | 3
C | 1078 | 11.57 | 1157 | 1157
t | 31 | 35 | 4
C | 1236 | 12.36 | 12.36

The limit does not exist because the limits from the right
and left are not equal.

59. Answers will vary. Sample answer: As x approaches 8 from

either side, f(x) becomes arbitrarily close to 25.

61. (i) The values of f approach (ii) The values of f increase or
different numbers as x decrease without bound
approaches c from as x approaches c.
different sides of c. Y

(i) The values of f oscillate
between two fixed numbers
as x approaches c.

63. (a) r = % ~ 0.9549 cm

(b) % <rs % or approximately 0.8754 < r < 1.0345

(©) lim 27r = 6; & = 0.5; 6 ~ 0.0796
r—3/m

6. X —0.001

f(x) 2.7196 2.7184 2.7183 ?

—0.0001 | —0.00001 | O

X 0.00001 | 0.0001 | 0.001

f(x) 2.7183 2.7181 | 2.7169
lim f(x) = 2.7183
x—0
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A46 Answers to Odd-Numbered Exercises

67. 0o 69. False. The existence or 83. 3
(1.999, 0.001) . !
\/ / nonexistence of f(x) at '
(2.001, 0.001) . |
\ X = ¢ has no bearing on |
\/ the existence of the -5 E =k
Looe »o0n limit of f(x) as x—c. :K/_—
0 -2
5 = 0.001, (1.999, 2.001) The graph has a hole at x = 0.
71. False. See Exercise 19. Answers will vary. Sample answer:
73. Yes. As x approaches 0.25 from either side, «/x becomes « o1 001 | —0001 | 0
arbitrarily close to 0.5.
. _ — - ?
75, Iing smxnx - 77-79. Proofs f(x) 0.263 0.251 0.250 | 7
X—>
81. Putnam Problem B1, 1986 X 0.001 0.01 0.1
Section 2.3 (page 87) f(x) | —0.250 | —0.249 | —0.238
1 6 3. 4 -
lim (/2 X))(] (1/2) _ 0250, Actual limit is —%.

-4 8 -7 \ = 85. - 4
\ N

-6 -4
@0 (b =5 @ 0 (b) About0.52or /6 -2m LY Iy K
58 7. -1 9.0 11. 7 13. 2 15. 1 17. % -1
9.8 217 281 253 27.1 293 3L -1 The graph has a hole at t = 0.
331 3. In3 +e 37.(a 4 (b) 64 (c) 64 Answers will vary. Sample answer:
3
39.(@3 (M2 ()2 4L (@10 (M)5 ()6 ()3 i —01 ] —o01 1ol ooz 01
43. (@) 64 (b) 2 (c) 12 (d) 8
x2 —1 f(t) 296 | 2999 | ? | 2.9996 | 2.96
45, f(x) = T 1 and g(x) = x — 1 agree except at x = —1.
lim f(x) = lim g(x) = =2 lim 20 St 3.0000; Actual limit is 3.
x——1 x——1 t—0
xX*-8 87. L
47. f(x) = = and g(x) = x2 + 2x + 4 agree except at X = 2. /\
lim £(x) = lim () = 12 Y #vﬁ?e.uhuﬂ Uhvr.uﬂqw .
49. _m?z ~ —0.0866
-1
f(x) = W and g(x) = In(x + 6) agree except The graph has a hole at x = 0.
t . X -1 x—4 Answers will vary. Sample answer:
atx = —4.
51. -1 53.1/8 55.5/6 57.1/6  59. /5/10 X —-01] -001| —0.001 | O
71. 0 73. 0 75. 1 77. 1 79. 3/2
81. 2 The graph has a hole at x = 0. T 0.001 | 0.01 | 01
e f(x) | 0.001 | 0.01 | 0.1
i 2
lim 2% — 0; Actual limit is 0.
-2 x—0
Answers will vary. Sample answer:
X -0.1 -0.01 | —0.001 | O

f(x) 0.358 0.354 0.354 ?

X 0.001 | 001 01
f0) | 0354 | 0353 | 0.349

lim X2 V26 asn pctual limitis L = 2.

x—0 X 2.2 4
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89.

91.
97.

101

103

105.

107
111

113-
119.

121.

123.
125.

N

-1

Answers will vary. Sample answer:

X 0.5 0.9 0.99 1
f(x) 1.3863 1.0536 1.0050 ?
X 1.01 1.1 15
f(x) 0.9950 | 0.9531 | 0.8109
lim In x ~ 1; Actual limitis 1.
x->1X — 1
3 93. —1/(x + 3)? 95. 4
6 99 0.5
—2r NN o -05 \ M 05
-6 -0.5
0 0 (The graph has a hole at x = 0.)
(@) fand g agree at all but one point if ¢ is a real number such

that f(x) = g(x) for all x # c.
X2 —1
x—1
at all points except x = 1.
If a function f is squeezed between two functions h and g,
h(x) = f(x) = g(x), and h and g have the same limit L as
X — ¢, then ll_rzwc f(x) exists and equals L.
3

(b) Sample answer: f(x) = and g(x) = x + 1 agree

f
9 h

-5 ‘_\\:5

-3
The magnitudes of f(x) and g(x) are approximately equal
when x is close to 0. Therefore, their ratio is approximately 1.
—64 ft/sec (speed = 64 ft/sec) 109. —29.4 m/sec
Letf(x) = 1/x and g(x) = —1/x. 1'_% f(x) and lm g(x) do
not exist. However,

. |1 1 .
iy 0 + 9001 = g+ ()] = o =0
and therefore does exist.
117. Proofs
4, x=0

Let f(x) = .

®) {4, Xx<0

lim [f(x)| = lim4 =4

x—0 x—0

Iirraf(x) does not exist because for x < 0, f(x) = —4 and
X—>

for x = 0, f(x) = 4.

False. The limit does not exist because the function approaches

1 from the right side of 0 and approaches —1 from the left
side of 0.

True.
False. The limit does not exist because f(x) approaches 3 from
the left side of 2 and approaches 0 from the right side of 2.

127.
129.

Section 2.4

. (a) 3
. (@0
. (@ —3

13.
19.

21
23.

25.

27.
3L
33.
37.
39.
. Nonremovable discontinuities at x = —2 and x = 2

Answers to Odd-Numbered Exercises

A47

Proof

(@) Allx # o,g+ N
(b) 2

\J

The domain is not obvious.
The hole at x = 0 is not
apparent from the graph.

T
'
'
'
_3m L
2 [
ml
'
|
I
-2

©3F ©;

T
1
1
1
1 37
[
1
1
1
il

al

(page 99)

(c) 3; f(x) is continuous on (—oo, o).
(b) 0 (c) O; Discontinuity at x = 3

(b) 3  (c) Limit does not exist.
Discontinuity at x = 2

(b) 3

1 1
-1 9%
11.

Limit does not exist. The function decreases without bound
as x approaches — 3 from the left.

-1 15, —1/x? 17. 5/2

Limit does not exist. The function decreases without bound
as x approaches r from the left and increases without bound
as x approaches 7 from the right.

8

Limit does not exist. The function approaches 5 from the left
side of 3 but approaches 6 from the right side of 3.

Limit does not exist. The function decreases without bound
as x approaches 3 from the right.

In4 29. Discontinuitiesatx = —2and x = 2
Discontinuities at every integer

Continuous on [—7, 7] 35. Continuous on [—1, 4]
Nonremovable discontinuity at x = 0

Continuous for all real x

43. Nonremovable discontinuity at x = 1

49.
51.
53.
55.
57.
59.
61.
63.
69.
71.
73.

Removable discontinuity at x = 0

. Continuous for all real x
. Removable discontinuity at x = —2

Nonremovable discontinuity at x = 5
Nonremovable discontinuity at x = —7
Continuous for all real x
Nonremovable discontinuity at x
Continuous for all real x
Nonremovable discontinuity at x = 0

Nonremovable discontinuities at integer multiples of /2
Nonremovable discontinuities at each integer

Il
N

a=7 65.a=—-1,b=1 67. a=—1
Continuous for all real x
Nonremovable discontinuitiesat x = 1 and x = —1
0.5 75 10
N A
-15 -2

Nonremovable discontinuity
at each integer

Nonremovable discontinuity
atx =4
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A48

7.
81.

83.
85.

87.

89.

91.

93.
99.
103.

105.

107.

109.

111.

113.

Answers to Odd-Numbered Exercises

Continuous on (— oo, co) 79. Continuous on [0, co)
Continuous on the open intervals . . ., (=6, —2), (-2, 2),
(2,6),. ..
Continuous on (—oo, c0)
3 The graph has a hole at x = 0. The
graph appears to be continuous, but
the function is not continuous on
[—4, 4]. 1t is not obvious from the
graph that the function has a
2 discontinuity at x = 0.
3 The graph has a hole at x = 0. The
graph appears to be continuous, but the
4 . function is not continuous on [ — 4, 4].
It is not obvious from the graph that
the function has a discontinuity at
-3 x = 0.
Because f(x) is continuous on the interval [1,2] and
f(1) = 37/12 and f(2) = —8/3, by the Intermediate Value
Theorem there exists a real number ¢ in [1, 2] such that
f(c) = 0.
Because h(x) is continuous on the interval [0, /2], and
h(0) = —2 and h(#/2) = 0.9119, by the Intermediate Value
Theorem there exists a real number ¢ in [0, 7/2] such that

f(c) = 0.
0.68, 0.6823 95. 0.56, 0.5636 97. 0.79, 0.7921
f3) =11  10L f(2) =4

(@) The limit does not exist at x = c.

(b) The function is not defined at x = c.

(c) The limit exists, but it is not equal to the value of the
function at x = c.

(d) The limit does not exist at x = c.

If f and g are continuous for all real x, then so is f + g

(Theorem 1.11, part 2). However, f/g might not be continuous

if g(x) = 0. For example, let f(x) = x and g(x) = x> — 1.

Then f and g are continuous for all real x, but f/g is not

continuous at x = +1.

True

False. A rational function can be written as P(x)/Q(x), where

P and Q are polynomials of degree m and n, respectively. It

can have, at most, n discontinuities.

The functions differ by 1 for non-integer values of x.

0.40, 0<t=<10
C =140.40 + 0.05]t — 9], t > 10, tisnotan integer.
0.40 + 0.05(t — 10), t > 10, tisan integer.
¢ There is a nonremovable
07+ discontinuity at each integer

0.6+
05—
0.4 @
03—
0.2+
01—+

oe
oe
oe
o
oo

greater than or equal to 10.

115-117. Proofs

11>t

I
t
2 4 6 8 1012 14

119. Answers will vary.

121. (a) s (b) There appears to be a limiting

60 speed, and a possible cause
50 is air resistance.

40

30

20

10

LR A

123. ¢ = (—1+ /5)/2
125. Domain: [—c?, 0) U (0, oo); Let f(0) = 1/(2¢).

127. h(x) has a nonremovable discontinuity at every integer except 0.
15

]
= |,

_3 F .

-3

129. Putnam Problem B2, 1988

Section 2.5 (page 108)
. X . X
R R
3. Iim2 tan(wx/4) = — oo, Iim2 tan(mx/4) = oo
X—>—2" X—>—2"
5'><I—I>I’4Tt]‘X—4:ool ><I—I>|'11’]X—4:7oo
7 xl—lgt]* (X - 4)2 - xl—lﬂlq’ (X - 4)2 -
9.
X -35 | —-31 | —-301 | —3.001 | -3
f(x) 0.31 1.64 16.6 167 ?
X —2999 | —299 | —-29 —-25
f(x) —167 —-16.7 | —1.69 | —0.36
lim f(x) = —oco, lim f(x) = o0
——3* X——3"
11.
X -35 | —-31 | —-301 | —3.001 | -3
f(x) 3.8 16 151 1501 ?
X —2999 | —299 | —29 | —25
f(x) —1499 | —149 | —14 | —-23
lim f(x) = —oo, lim f(x) = oo
Xx——3% x——3"
13. x=0 15. x = £2 17. No vertical asymptote
19. x=-2,x=1 21. No vertical asymptote
23. x=1 25 t=-2 27.x=0
29. X = n, nisan integer. 31. t = nm, nisanonzero integer.
33. Removable discontinuity atx = —1
35. Vertical asymptote at x = —1 37. © 39.
41. -t 43. —oo 45 —oo 47 00 49, —oo
51. —o0 53. o
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55.

59.
61.
63.

65.

4__; LS 57. SJ 03 kg
b L1

lim f(x) = oo
X—1+

Answers will vary; No

. . _ X—3
Answers will vary. Sample answer: f(x) = - 12
y
1
-—(— .
~—
= U A
14 !
RV
a
@ X 1 0.5 0.2 0.1
f(x) | 0.1585 | 0.0411 | 0.0067 | 0.0017
X 0.01 0.001 | 0.0001
f(x) =0 ~0 ~0
0.5 —q]
lim X2 SiNX _ o
x—0* X
-15 15
-0.25
(®) X 1 0.5 0.2 0.1
f(x) | 0.1585 | 0.0823 | 0.0333 | 0.0167
X 0.01 0.001 | 0.0001
f(x) | 0.0017 | = ~
0.25 — Q]
lim X=X _ o
x—0* X
-15 15
-0.25
c
© X 1 0.5 0.2 0.1
f(x) | 0.1585 | 0.1646 | 0.1663 | 0.1666
X 0.01 0.001 | 0.0001
f(x) | 0.1667 | 0.1667 | 0.1667
0.25 . X—sinx
Jlim =— 2= = 0.1667 (1/6)
-15 15
-0.25

Answers to Odd-Numbered Exercises A49

@ X 1 0.5 0.2 0.1
f(x) | 0.1585 | 0.3292 | 0.8317 | 1.6658
X 0.01 0.001 | 0.0001
f(x) 16.67 166.7 | 1667.0
L5 . X —sinx _

lim———
L x—0" x4
-15 ﬁ 15

-15
Forn > 3, Iimﬂz
x—07" X
7 3 . 2X
67. (a) 2 ft/sec  (b) > ft/sec  (c) Xﬂrzrgf o =2

69. (a) A = 50tan 6 — 500; Domain: (0, 7/2)
(b)

0 0.3 0.6 0.9 1.2 15
f(p) | 047 | 421 | 18.0 | 68.6

630.1

100

0 15
0

(c) lim A=o0
0—m/2
71. False. Let f(x) = (x2 — 1)/(x — 1).
73. False. Let f(x) = tan x.

75. Let f(x) = %and g(x) = % and let ¢ = 0. lm% = oo and

.1 . 1 1 . 2—1
I|m—=oo,but||m———=||mX =—oo0 #0.
x—0 X4 x—0\X2  x* x4

Xx—0
. . _ _ g0
77. Given lim f(x) = oo, let g(x) = 1. Then lim =0bh
X—C X—C f(X)
Theorem 2.15.
79. Answers will vary.
Review Exercises for Chapter 2 (page 111)
1. Calculus = Estimate: 8.3
-9 9
-1
3.
X 2.9 2.99 2.999 3
f(x) | —0.9091 | —0.9901 | —0.9990 | ?
X 3.001 3.01 3.1
f(x) —1.0010 | —1.0101 | —1.1111
. X —3
M —7x+ 12~ H0000
5. (@4 (b)5 7. 5; Proof 9. —3; Proof 11. 36
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A50

13.
25.
33.

35.

37.
47.

49.
51.
53.

55.
59.
61.
63.

65.
69.
75.
83.
89.

1

Answers to Odd-Numbered Exercises

16 153 17. -5 19.3 21. -1 23.0
1 27.J/3/2 29. -3 31 -5
1
The graph has a hole at x = 0.
-1 1
0
X -01 | —-001 | —0.001 |0
f(x) | 0.3352 | 0.3335 | 0.3334 | ?
X 0.001 | 0.01 0.1
f(x) | 0.3333 | 0.3331 | 0.3315
lim Y2+ 973 _ 43333 Actual limit is —.
x—0 X 3
3
3 : s
-3 -
X -0.1 | —001 | —0.001 | O
f(x) | 0.8867 | 0.0988 | 0.0100 | ?
X 0.001 0.01 0.1
f(x) | —0.0100 | —0.1013 | —1.1394

lm f(x) = 0; Actual limit is 0.

—-392m/sec  39.¢ 4l ; 433 450

Limit does not exist. The limit as t approaches 1 from the left
is 2, whereas the limit as t approaches 1 from the right is 1.
Continuous for all real x

Nonremovable discontinuity at x = 5

Nonremovable discontinuities at x = —land x = 1
Removable discontinuity at x = 0

c= —% 57. Continuous for all real x
Continuous on [4, co)

Continuous on (k, k + 1) for all integers k
Removable discontinuity at x = 1
Continuous on (—oo, 1) U (1, oo)

Proof 67. (@) —4 (b) 4 (c) Limit does not exist.
x=0 71. x = %3 73. x = 8

X=45 77. -0  79.3 8l —oo

? 8.0 87 -

(a) $14,117.65 (b) $80,000.00 (c) $720,000.00

(d) oo; No matter how much the company spends, the company
will never be able to remove 100% of the pollutants.

PS. Problem Solving (page 113)
(@) Perimeter APAO = 1 + /(X2 — 1) + x> + /x* + x2
Perimeter APBO =1 + /x* + (x — 1) + /x* + x?

() X 4 2 1
Perimeter APAO 33.0166 | 9.0777 | 3.4142
Perimeter APBO 33.7712 | 9.5952 | 3.4142
r(x) 0.9777 0.9461 | 1.0000
X 0.1 0.01
Perimeter APAO 2.0955 | 2.0100
Perimeter APBO 2.0006 | 2.0000
r(x) 1.0475 | 1.0050

1

3. (a) Area (hexagon) = (3./3)/2 ~ 2.5981
Area (circle) = 7 =~ 3.1416
Area (circle) — Area (hexagon) = 0.5435

(b) A, = (n/2)sin(2m/n)

(©)

n 6 12 24 48 96
A, | 25981 | 3.0000 | 3.1058 | 3.1326 | 3.1394
3.1416 or 7
s@m=-% ®y=tx-1
—-J169 — x2 + 12
©m=—""—¢

(d) 1%; It is the same as the slope of the tangent line found in (b).
7. (a) Domain: [-27,1) U (1, oo)
(b)

A

-0.1
The graph has a hole at x = 1.

9.® 9,9, (g (© 95,0930
11. Y

© 1 ()

The graph jumps at every integer.

@ f(1) =0, f0) =0, f(})=-1, f(-27)=-1
(b) XILnl[f(x) = -1, XEHL f(x) = -1, XErp/zf(x) =-1
(c) There is a discontinuity at each integer.
13. (@) (b) (@) lim P,,(x) =1
2+ (i) Xlirg? P.p(x) =0
(iii) xﬁﬂl P.p(x) =0
(iv) Xllrpf Pox) =1

< >
a

b

(c) Continuous for all positive real numbers except a and b
(d) The area under the graph of U and above the x-axis is 1.
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