A32 Answers to Odd-Numbered Exercises
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i | ”. 51. Section 1.3 (page 67)
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Domain: [—5,4) U (4, 0)  Domain: [0, 9) U (9, co) (@) 0 (b) 6 (@) 0 (b) =~0.52 or 7/6

The graph has a hole The graph has a hole 5.16 7.-1 9.0 1.7 13.1/2 15 -2/5

at x = 4. at x = 9. 17. 35/3 19.2 21.1 23.(a 4 (b) 64 (c) 64

il 53. Answers will vary. Sample answer: As x approaches 8 from  25. (@ 3 (b) 2 (¢)2 27.1 29. —-1/2 31. 1

either side, f(x) becomes arbitrarily close to 25. 33.1/2 35 -1 3.(a)15. ® S5 ()6 (@ 2/3
55. No. The fact that lim f(x) = 4 has no bearing on the value of 39. (a) 64 (b) 2 (c) 12 (d) 8

x—2
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57. (a) r = s ~ (0.9549 cm g(x) = : and f(x) = —2x + 1 agree except at x = 0.
5.5 6.5 43. (a) 2 (b) O
(b) =— < r £ —, or approximately 0.8754 < r < 1.0345 3 _
2t 2 - el .
glx) = g and f(x) = x? + x agree except at x = |.

: (¢) r_l_lg}w 2mr = 6;e =0.5;06 = 0.0796 45 9
%1 x| —0.001 | —0.0001 | —0.00001 flx) = ———and glx) = x — 1 agree exceptatx = —1. =8
f@) | 27196 | 27184 | 2.7183 47. 12 .

o = Xl
X 0.00001 | 0.0001 | 0.001 x — 2
@) | 27183 F2.7181 e sy 49. 1/10 51.5/6 53. /5/10 55.1/6 57.
| 59. 2  61.2x— 2

lim f(x) ~ 2.7183 63 :
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and g(x) = x2 + 2x + 4 agree except at x = 2
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The graph has a hole at x = 0, &8
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P 21559) - Answers will vary. Example:
X =8.1 1 —001 1 0091 | 0001
f&) | 0358 | 0354 | 0354 | 0.354

61. 0.002 S =~ 0.001 i
. (1.999,0.001) O e RN - Lo, 1
Ml,o.o\gl 3/.-/ (1.999, 2.001) ' Jlr}_rf(l) p: ~ (0.354 (Actual limit 18 >/
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The graph has a hole at x 5 &
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63. False. The existence or nonexistence of f(x) at x = ¢ has no
bearing on the existence of the limit of f(x) as x—c.

65. False. See Exercise 11.

67. (a) Yes. As x approaches 0.25 from either side, ~/x becomes
arbitrarily close to 0.5. X .1 —0.01 | —0.001

i

-2

Answers will vary. Example:

(b) No. lim /x does not exist because for x < 0, </x does f(x) | —0.263 | —0.251 | —0.250

x—0

not exist.
69-71. Proofs 73. Answers will vary. X 0.001 0.01 0.1

75. Putnam Problem B1, 1986 flx) | —0250 | —0.249 | —0.238
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73. 0 77. 3/2

The graph has a hole at ¢t = 0.

0.01 0.1

2.9996 | 2.96

The graph has a hole at x =

Answers will vary. Example:

X —-0.1 | —0.01 | —0.001 | O | 0.001 | 0.01 | 0.1
f(x) | —0.1 | —0.01 | —0.001 | ? | 0.001 | 0.01 | O.1
lim —— = 0
v—() X
83. 2 85. —4/x> 87. 4
89. 0 91. O
93. 0 ST ..
Ly VO ;, The graph has a hole at x = 0.
0.5 Wﬁ,{"{ 0.5
AL TN,
-0.5
95. fand g agree at all but one point if ¢ is a real number such that

97

99.

101,

105

| , 1 1) ]
l.inzn) [ flx) + g(x)] = lin}) o (——)

fx) = g(x) forall x # c.

An indeterminate form is obtained when evaluating a limait
using direct substitution produces a meaningless fractional
form, such as %.

B i The magnitudes of f(x) and g(x)
. X W are approximately equal when x is
BV’ 1 0. Therefore, their ratio i
sl PP | close to 0. Therefore, their ratio is
“"'-;;:-" T e approximately 1.
.-"'f’.’ L
-3
160 ft/sec  103. —29.4 m/sec

Let f(x) = 1/x and g(x) = —1/x.

lim f(x) and lim g(x) do not exist. However,
r—0 x—0

= lim0 =0

X r—0

E A 8

and therefore does exist.

A33
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107-111. Proofs
| 13. False. The limit does not exist because the function approaches

| 15.
117.

119.

121.

123.

1 from the right side of 0 and approaches — 1 from the left side
of 0. (See graph below.)

3 A 2
o—
-3 ! | 3
i &
2
True.
False. The limit does not exist because f(x) approaches 3 from

the left side of 2 and approaches O from the right side of 2.
(See graph below.)
4

-3 o — P
|
-2
Let £(x) L & Hx20
et f(x) = 1
See T PR
Iin‘(l) f(x)] = l.in}) 4 = 4
l_in}) f(x) does not exist because for x < 0, f(x) = —4 and for
x = 0, flx) = 4.
lim f(x) does not exist because f(x) oscillates between two

x—0
fixed values as x approaches O.

lin?) g(x) = 0 because, as x gets increasingly closer to 0, the
X~y

values of g(x) become increasingly closer to 0.

(a) 1/2
i ~ociex. 1 ., L. s
(b) Because > ~ — it follows that | — cosx = —x
X 2 2
]

cosx =1 — -i-x?- when x = 0.

(c) 0.995 (d) Calculator: cos(0.1) = 0.9950

Section 1.4 (page 78)

.
3.
¥

1.
19.

Fi
A3

23
r o 8
29.
33.

(a) 1 (b) 1 (c) 1; f(x) is continuous on (— oo, o0).
(a) 0 (b) 0 (c) 0; Discontinuity at x = 3
(a) 2 (b) —2 (c¢) Limit does not exist.

Discontinuity at x = 4
1

o

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

~1 1% —-1/x* W-5/2 L2

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

4

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

Discontinuous at x = —2 and x = 2

Discontinuous at every integer

Continuous on [—5,5]  31. Continuous on [—1, 4]
Continuous for all real x  35. Continuous for all real x
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A34 Answers to Odd-Numbered Exercises

37.

39.

41.

43.
45.
47.
49.
51.
>3.
55.

>,
63.
65.

69.
T4,

[ &

7.

T

79.
83.
87.

Nonremovable discontinuity at x = 1
Removable discontinuity at x = 0
Continuous for all real x

Removable discontinuity at x = —2
Nonremovable discontinuity at x = 5
Nonremovable discontinuity at x = —2
Continuous for all real x

|
N

Nonremovable discontinuity at x
Continuous for all real x

Nonremovable discontinuities at integer multiples of /2

Nonremovable discontinuity at each integer
50

lim f(x) =

x—=>0*

lim f(x) =

x—0"

Discontinuity at x = —2

-10

a=2 59.a=-1,b=1 6Il. Continuous for all real x
Nonremovable discontinuities at x = 1 and x = —1

05 67. _ 5

I AN e | ]
: \ i NE—— 7

J
-1.5 -9

Nonremovable discontinuity Discontinuous at x = 3

at each integer
Continuous on (— oo, c0)

Continuous on the open intervals . . . (—6, —2), (—2,2),
(2, 6),

2 3 The graph has a hole at x = 0. The

graph appears continuous but the

s e function is not continuous on [ —4, 4].

g * It is not obvious from the graph that the
- function has a discontinuity at x = 0.

-2

Because f(x) is continuous on the interval [1,2] and

f(1) =2.0625 and f(2) = —4, by the Intermediate Value
Theorem there exists a real number ¢ in [ 1, 2] such that f(c) = 0.

Because f(x) is continuous on the interval [0, 7] and £(0) = —3
and f(7) =~ 8.87, by the Intermediate Value Theorem there
exists a real number c in [0, 7] such that f(c) =

0.68, 0.6823 81. 0.56, 0.5636

f3) =11 88. f(2) =

(a) 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.

Not continuous because lln% f(x) does
X=—>
not exist.

91. True

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

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

have, at most, n discontinuities.
95. lim f(z) = 28; lim £(t) = 56

t—4-

t—47

It caj

At the end of day 3, the amount of chlorine in the poo] is abou

28 oz. At the beginning of day 4, the amount of chlorine in the
pool i1s about 56 oz.

0 <t

s 2
0.36[t — 1], ¢ > 2, is not an integer
- 0.36(r — 2), t > 2, tis an integer

‘

?

Nonremovable discontinuity at each
Integer greater than or equal to 2.

1.04,
97. C = {1.04
11.04 -
C
A
v §
34
2+ il
C—
| Prem—
S R T S

99--101. Proofs

105. (a) i

60 +

= |

107. c = (-1 +

E
L 1 i

S 10 15 20 25 30

J5)/2

e

(b) There appears to be a lum n
speed, and a possible caus |

103. Answers will vary.

alr resistance.

109. Domain: [—c? 0) U (0, c0); Let £(0) = 1/(2¢)

I'11. h(x) has a nonremovable discontinuity at every integer eXcef

| 13. Putnam Problem B2, 1988
Section 1.5 (page 88)

. &
X

x—>-—2%

3. lim tan((mwx)/4) =

X

2 — 4

= 00 Iim 2
Xx—>=—=2" X

X

2 — 4

= OO

llm tan((ﬂ'x)/4) =1 ‘~'

x—>=2% 2ol
> B —35 ] —3.1 | —3.01 | —3.001
fx) | 031 | 1.64 | 166 167
X ~2999 | —299 | —29 | —25
fx)| —167 | —16.7 | —1.69 | —0.36
lim flx) = —co lim f(x) =

B >
\_
;7’
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5 2o
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BF = <

4

e
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5.
19.

15.
19.
31.
39.
49.

53.
55.

57.

61,
63.

65.

67.

X ~33 =%l 1 =301 ~3
fx) | 3.8 16 151 1501
X —~2998 1 —299 | ~33 s’
fx) | —1499 | —149 — 14 s’ .
lim flx) = —co  lim_f(x) = oo
X = . x=2. x=~1 "B &g=#%1
No vertical asymptote  17. x = w/4 + (nm)/2, nis an integer.
=0 2. x=-2,x=1 23. No vertical asymptote
No vertical asymptote  27. t = nr, n 1S a nonzero integer.
Removable discontinuity at x = —1
Vertical asymptoteat x = —1 33. —oco  35. co  37. %’-
! 4l. —co 43. 00 45.0 47. Does not exist
3 Sl. 0.3
- | L E '|
| :\'- ﬁ EI'.,
4 e S e E
T :lf S
Al - SN R
. -0.3
_lin‘y f(x) = oo 1i1§1_ flx) = —~oo
Answers will vary.
. =3
Answers will vary. Example: f(x) = * gagr s
59. (a) 3(2007) ft/sec
| (b) 2007 ft/sec
. 2 at
(c) 9-91(1713/12)- [507r sec? 0] = oo
o0
(@) Domain: x > 25

(b) (¢) lim = O
x | 30 40 50 60
y | 150 | 66.667 | 50 | 42.857

As x gets close to 25 mph, y becomes larger and larger.
(@) A = 50tan 0 — 5060; Domain: (0, 7/2)

.
®) ¢ 0.3 | 06 | 69 | 12 1.5
f@) | 047 | 421 | 180 | 68.6 | 630.1
100 » —
: ; (¢) 9—1917171/]2—14 o0
f
l"l'.
.-""....
0 m— =] 1.5

False: et f) =x2—-1)/(x—1) 69. True
1 1 1

- Let f(v) = — and g(x) = —, and ¢ = 0. lim — = oo and

" X x—0 X~

‘ l 2_1
!’j}(‘);:=oo,butlim(l 1)=lim<x % )= —oo # 0.

x—0 x2 x4 x—0 x

73.

75.

Answers to Odd-Numbered Exercises A35

Given lim f(x) = oo, let g(x) = 1. Then lim ]%Ei)) = ( by
X—C X—C X

Theorem 1.15.
Answers will vary.

Review Exercises for Chapter | (page 91)

29.
35.

37.

39.

41.

43.

45.

47.
51.
3.
61.
69.

Calculus . Estimate: 8.261

X -1 —0.01 —0.001

f(x) | —1.0526 | —1.0050 | —1.0005

X 0.001 0.01 0.1

fx) | —0.9995 | —0.9950 | —0.9524

The estimate of the limit of f(x), as x approaches zero, is — 1.00.

.{a) —2 B —3 T.Zront 9. 1; Proot
1.
21.
27.

J6=245 13. -3 I15. 7 17. -1 19.75
0 23. J/3/2 25 -3

@) | » 1.1 101 | 1.001 | 1.0001
f(x) | 05680 | 0.5764 | 0.5773 | 0.5773

lim f(x) = 0.5773

x—17
(b) -
The graph has a hole at x = 1.
v lim f(x) = 0.5774
"‘--,i__________ x—17
~$8 - | 2
0
(c) /3/3

—392m/sec 31. -1 33.0

Limit does not exist. The limit as ¢ approaches 1 from the left 1s
2 whereas the limit as ¢t approaches 1 from the right 1s 1.

Nonremovable discontinuity at each integer
Continuous on (k, k + 1) for all integers k

Removable discontinuity at x = 1

Continuous on (—oo, 1 ) U (1, oo)
Nonremovable discontinuity at x = 2
Continuous on (—co, 2) U (2, oo)
Nonremovable discontinuity at x = —1
Continuous on (—co, —1) U (—1, o)
Nonremovable discontinuity at each even integer
Continuous on (2k, 2k + 2) for all integers k

c = —% 49. Proof

(a) —4 (b) 4 (¢) Limit does not exist.
x=0 55.x=10 57. —cc 59.3
~o0 .k oo A % 67. oo

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

P.S. Problem Solving (page 93)

(a) Perimeter APAO =1 + /(3 — 1)2 + x2 + /x* + x?
Perimeter APBO =1 + /x* + (x — 1)2 + J/x* + x?




