Answers to Odd-Numbcrcd Exercises

'; A0
i ‘ .
‘I 1, x=22 11. (a) 5.66 (b) 6.11
Ii . O -He-2+2= 2 x<2 (c) Increase the number of line segments.
i ‘ : ' .
! || 4 Section 1.2 (page 54)
I H 3l : . .
j 1.
- LT . x 1.9 1.99 1.999 | 2.001 2.01 2.1
4 -3 3 - 123 4 -
| Tl Flx) | 03448 | 0.3344 | 0.3334 | 03332 1 03322 | 03226
! -39 .
J. -4 - o Sl l
i )151_)2 [ Sm—1 0.3333 (Actual limit is 3.)
; 5 (a) Alx) = x(1002— x); Domain: (0, 100} - 3.
i ' - x | =01 | —001 | 0001 0.001 | 001 0.1
i
il .| flx) | 0.2911 | 0.2889 | 0.2887 | 0.2887 | 0.2884 | 0.2863
1
: HimEF3 = ess (Actual Timit i L)
|I \ 0 110 *=0 2ﬁ
1l 0 :
' Dimensions’ 50 m x 25 m yield maximum area of 1250 * 2.9 29 2999
[ ‘ square meters. Sf@x) | —0.0641 | —0.0627 | —0.0625
k! {c) 30 m x 25 m; Area = 1250 square meters -
il
‘,I 7 1 VTR B F1 . x 3.001 3.01 3.1
i ’ 4 Sx) 1 —0.0625 | —0.0623 | —0.0610

i 9. (a) 5,less  (b) 3, greater (c) 4.1,less (d) 4 + &

i ' ’ | [1/G+ 1] — (1/4) _

; (e} 4; Answers will vary. lim —0.0625 (Actual hmlt is —-)
x=3 x—3 16
11. (ayx=1,x= —3 13, Answers will vary. 7
il B (x+172+)2=4 -
i‘ ‘ x —0.1 | =001 |—0001| 0.001 | 0.01 0.1
‘ flx) | 0.9983 | (099998 | 1.000C | 1.0000 |0.99998 | 0.9983 |
| AR .
\_/ lim =% =~ 1.0000  (Actual limit s 1)
9.1 11. 2
. 13. Limit does not exist. The function approaches 1 from the right
Chapter 1 side of 5 but it approaches — 1 from the left side of 5.
. 15. Limit does not exist. The function increases without bound as
i Section 1.1 (page 47) ‘ o ,
- I _ ‘ x approaches 5 from the left and decreases without bound as x
IS 1. Precalculus: 300 feet . '
3. Calculus: Slope of the tangent line at x = 2 is 0.16. approaches 2 from the right. _
- 5. Precalculus: 175 square units 17. Limit does not exist. The function oscillates between 1 and —1
: ‘:‘ i 7. Precaleulus: 24 cubic units . as x approaches 0.
g 9. (a) 6 19. (@ s ,
i B ]| . i m— I
.
i &) —
| S =
| I '(/ ‘ |l' 0 8
1 EI o
i ‘ (b) The graphs of y, approach the tangent line to y, atx = 1. {b) ¢ | 3 33 | 34 | 35 | 36 | 37 4
‘ {c) 2; Use numbers increasingly closer to zero such as 0.2, 0.01,
{ 0.001,. . .. 175 1225|225 | 225|225 |225 |225

lim C(z) = 2.25
i—3.5
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—0.0001 | —0.00001
2719 27184

The limit does not exist, because the limits from the right x 0.0001 0.001

and léft are not equal.

27181 | 27169

%_30,91 23 L=8.Lets =

o wim
o _"‘l‘l v : L=1 Assume ] <x < 3andlet § = :
. )3 f 275 20.-3 3.3 3.0 354 3.2
I . Answers will vary. 41. Answers will vary.

(0,2.7183}

7

i

. 49. False: the existence or nonexistence of #(x) at x = ¢ has no
bearing on the existence of the limit of flx)asx—e.

| it I TS };—jﬁ) ; o
' - 1,11?}‘f(-1‘) =1 [ip;f(x) =6
Domain: [ — 3, 4) U {4, o) Domain: [0, 9) U (9, co)
The graph has a hole The graph has a hole
atx = 4. atx =9, Section 1.3 (page 65)
. Answers will vary. Sample answer: As x approaches 8 from
either side, f(x) becomes arbitrarily close to 25. :

51, False: see Exercise 11.
53. Answers will vary. 55. Proof 57. Proof

. Examples will vary.
Type 1. f{x) approaches a Type 2: f(x) increases
different number from the or decreases without
right of ¢ than it approaches bound as x approaches c.
from the left. '
gt o - - (L)
R )i ; : - lim — lim
’ L i—=0 X —1A\X — ].,

¥

Ko
(b) ~0520r
9.0 1.7

17.% 192 211

Type 3: f{x) oscillates between : @4 B 64 ()64 25 @3 (b)2 (@ 2
two fixed values as x approaches c. ’ 1 1
J10 290 -5 3.1 33 35 -1
. T "
lim (2 COS(‘)) @IS ®3 ©6 (@5
L@ 6ed (D)2 (o) 12 (d) 8
@1 ®3 '
-2z + x

IRFUER S °‘

A

and f(x) = —2x + '] agree except atx = 0.

® 0

- X ,
—and f(x) = x* + x agree exceptatx = 1.
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45, —2
¥ -1
flx) = and g(x) = x — 1 agrec exceptat x = — L.
x+1
s
-3 ,J‘f/ 4

47.

g

4

The graph has a hole at x = — L.
12

3 _ : ’
= J; — 5 and g(x) = x2 + 2x + 4 agree exceptatx = 2.

12

/

-9 g
0

The graph has a hole at x = 2.

1 5 V5 1
9.5, Sbg 53. 0 55. ¢
57. % 59.2 6l 2x—2
6_3. 2

-3 3

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

Answess will vary. Example:

65. 3

x ~01 | —001 | 0001 0001 | ‘001 | 01

£ | 0358 | 0354 | 0354 | 0354 | 0353 | 0349
i YEF2 VT gase | Actal timitis o = V2
30 x _ 2.2 4

1

1

]

1

1

’_JI

1

-5 1
1

3

The graph has a hole at x = 0.

-

-2

Answers will vary. Example:

x| —o1 | -001 |—0001] 0001 | 001 | 0.1
F(e) | —0263 | —0251 | —0.250 | —0250 | —0.249 | 0238
lin w ~ 0250 (Acmal limit is —%.)

6.1 6.0 7.0 730 751 7.3

79.

2

The graph has a hole at t=0.

Answers will vary. Example:

t —01 | —001 | O 001 | 0.1
\i(t) 2.96 2.9996 ? 20996 1 2.96
i S0 3 _ 3
=0 I
81. 1
-27 #‘n‘ﬁ'{huh]l[ﬂ /\Ulllllll'lﬁw L
-1
The graph has a hole at x = 0.
Answers will vary. Example: ’
x —-0.1 | —0.01 | —0.001 0001 | 001 | 0.1
@) | —01 | —001 | —0.001 0.001 | 0.01 | 0.1
i a2
lim - = 0
=0 X .
’ 4
83. 2 85 - 87. 4
89, 0
4
8w / 3%
2 / 2
: —4
93. 0

=05

0.5

The graph has a hole at x =0.

95, fand g agree at all but one pointif cisa real number such that
flx) = glx) for all x # ¢. ; :

97.

An indeterminate form is obtained when evaluating a limit using

direct substitution produces a meaningless fractional form, such

9
as g.
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101.
105.

The magnitudes of f(x) and g(x} are approximately equal when
x is “close to” 0. Therefore, their ratio is approximately 1.

160 feet per second 103, —29.4 meters per second

Let f(x) = — and g(x) = 1

X X

lim f(x) and lim g(x) do not exist.
x—0° =0

- = e L L (8 2 im0 =
However, }g% [Fx) -+ glx)] = lg% L + ( r):\ = 11_1)1}) 0=20
and therefore does exist.
Proof 109. Proof  111. Proof

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. (See graph below.)

.- True, Theorem 1.7

. False. The limit does not exist because f{x) approaches 3 from

. Let f(x) :{

lim | F(x}] = lim 4 = 4

the left side of 2 and approaches 0 from the right side of 2.
(See graph below.)
4

4, ifx=0
—4, ifx<0

liné f(x) does not exist because for x < 0, flx) = —4 and for
x—¥
x2 0, flx) = 4

. lin})f(x) does not exist because f{x) oscillates between two
A=

fixed values as x approaches 0.
tim g(x) = 0 because, as x gets increasingly closer to 0, the
X N

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

-(a)%

1= X )
(b) Because —% =~ — it follows that

1
2
1 —cos xZ%xz :

1
cosx =~.1 — ;_\.2 when x = 0,

e

Answers to Odd-Numbered Exercises A43

{c) 0.995
{d) Caleulator: cos(0.1} = 9950

Section 1.4 (page 76)

1.

5.

7. w0

@l M1 (@l

Flx} is continuous on {— co, o).
. {(a) O

®O ()0
Discontinuity at x = 3
(a2 (b) -2

Discontinuity at x = 4
1

(c) Limit does not exist.

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

1 5
-1 13. —— 15. =

x? 2
Limit does not exist. The furiction decreases without bound as x
approaches o from the left and increases without bound as x

approaches # from the right.
4

17, 2

. 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 [—35, 5]

. Continuous for all real x

31. Continuous on[—1, 4]

35. Continucus for all real x

. Nonremovable discontinuity at x = I

Removable discontinuity at x = 0
Continuous for all real x

Removable discontinuity at x = —2
Nonremovable discontinuity at x = 3

Nonremovable discontinuity at x = —2

. Continuous for all real x

. Nonremovable discontinuity at x = 2

. Nonremovable discontinuities at integer multiples of

Sa=2

Continuous for all real x
i
2

Nonremovable discontinuity at each integer

lm f(x) =0

x—0*

lim f(x) =0

=0~

Discontinuity at x = —2
59.a=-1,b=1

. Continuous for all real x
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63. Nonremovable discontinuities atx = 1 andx = —1 93. The function is discontinuous at every even positive inteper

65. Nonremovable discontinuity at each integer The company must replenish every two months.

T

67. Discontinuous at x = 3

N |

Number of units

2 4 6 B 10 12

Time (in months) :
5 . 1

J . 95, Because V(1) = %7, V(5) = 523.6, and V is continuous, there ‘
2 is at least one real number r, 1 < r < 5, such that V(r) = 275,
- / ’ _ 97. If ¢ is an element of the real numbers, then lim FGx) does not
'_. exist since there are both rational and irfational numbers
-5 : arbitrarily close to ¢. Therefore, f is not continuous at ,
69, Continuous on (— oo, 00) 99. i (@) —1 .
71. f(x) is continuous on the open intervals : : ' (b) 1
o (—6,-2),(-2,2), (2,6),. . .. 2+ (c) Limit does not exist.
73. d ——— ) -
~4 =3 =2 -] .1234 -
_ad4
-4 _h-\-h"""h-.. 4 34
. 4
2 - 101. True
The graph has a hole at x = 0. 103. False. f(x) is not defined at x = 1.
" The graph appears continuous but the function is not continuous } 0, 0<x<b
— 105. (a =
on[—4,4]. o (@ 1) b, b<x<2b
It is not obvious from the graph that the function has a
discontinuity at x = 0. ' ) _ A
75. Because f{x}) is continuous on the interval [1,2] and wl
F(1)=2.0625 ‘and f(2) = —4, by the Intermediate Value
Theorem there exists a real number ¢ in [1,2] such that
flo=o. | T
77. Because f(x) is continuous on the interval [0, 7] and f(0) = —3 . . _
and f{m) = 8.87, by the Intermediate Value Theorem there i w

exists a real number ¢ in [0, ] such that f(c) = 0. _
79, 0.68. 0.6823 81. 0.56. 0.5636 F(x) is not continuous. There is a discontinuity at x = b,

83, f(3) = 11 85. f(2) = 4 - (') lv, 0<x<b '
‘ ¥ =
87. (a) The limit does not exist at x = ¢. o b — %x, b=x<2b
(b) The function is not defined at x = . ¥
(c) The limit exists, but it is not equal to the value of the
function at x = ¢. il
(d) The limit does not exist at x = ¢.
. -l
89. y '
s2
4 } g x
31 b 25
2+ !
4_: x g(x) is continuous on [0, 2b] because g(x) is contimicus on
_2_]3:' 'j PAsss [0, b] and on [, 2b], and lirri glx) = g(b).
=T X—>
3
/7 107. Domain: [—c?, 0) U {0, co); Let £(Q) = %

Not continuous because lirr%- f(x) does not exist.
X

o
=

g(x) = f(x) where x is an integer, but g(x) = f{x) + 1 elsewhere.
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DT 1 05 | o2 | o1

flx) | 01585 | 03292 | 0.8317 | 1.666

il x | 001 | 0001 | 00001
il fi) .| 1667 | 1667 | 1667
1
L 15 - The value of the limit when
1! the power on x in the denomi-

nator is greater than 3 is co.

15 L 15

-1.5

67. (a) 850 revolutions per minute
{b) Reverse direction
() L =60cot ¢+ 30{w + 2¢)

. T
Domain: (O, 2)

It ) _
I d| 03 06 | 091 12 15
L| 3062|2179 | 1959 | 189.6 | 188.5
(e) 4= (f) 607 = 188.5
|11
| p (& oo
0 = %
1 l, x#0
69, False: let f(x) = —- 71. False: let f(x) =
2+1
0, x=0
73, Proof 75. Proof

Review Exercises for Chapter 1 (page 88)
1. Calculus l

-2 e}
-1

Estimate: 8.261

I —0.1 —0.01 —0.001 0.001
fGx) | —1.0526 | —1.0050 | —1.0005 | —09995
x 0.01 0.1
FG) | 09950 | 09524
The estimate of the limit of f{x), as x approaches zero, is — 1.00.
5. (a) =2 (b) —3
7. 2, Proof 9. I;Proof 11 6=245 13. —%

sl w1 s a0 ;X 25, .1

4 2 )
@[, 1.1 101 | 1001 | 1.0001
Fl) | 0.5680 | 0.5764 | 0.5773 | 05773

lim f{x) = 0.5773
x—1*

b 2 The graph has a hole at x = |
lim f(x) = 0.5774
x—17t
\\H—\,—'_\_'_‘-—\——s—
-1 a
0
J3
@3

3. —1  33.0

35. Limit does not exist. The limit as ¢ approaches 1 from the left i
2 whereas the limit as ¢ approaches 1 from the right is 1.

29, --39.2 meters per second

37. Nonremovabie discontinuity at each integer
Continuous on (%, k + 1) for all integers k

39, Removable discontinuity atx = 1
Continuous on (—oo, 1 YU (1, c0)

41. Nonremovable discontinuity at x = 2
Continueus on (—oo, 2} U {2, o)

43. Nonremovable discontinuity at x = —1
Continuous ont (—so, —1) U (— 1, oo)

45, Nonremovable discontinuity at each even integer
Continuous on {2k, 2k + 2} for all integers &

47. c= —1 49, Proof

51. (&) —4 (b) 4 {c) Limit does not exist.
53, x=0 55.x=10 57. —c0 593
6l. —co 63 —oo  65.3F 67 oo

69. (a) $14,117.65 (b) $80,000.00 (¢) $720,000.00 (d)y o0

PS. Problem Solving (page 90)

1. (2) Perimeter APAO = 1 + J(ZF — 1P + 22 + /o + 27
Perimeter APBO = 1 + /2 + (x — 12+ /o + %%

(&) x 4 2 1
Perimeter APAQ | 33.0166 | 90777 | 3.4142 -
Perimeter APBO | 337712 | 9.5952 | 3.4142
rx) 09777 | 09461 | 1.0000
"R 01 o001
Perimeter APAQ | 2.0955 | 2.0100
Perimeter APBO | 2.0006 | 2.0000
r(x) 1.0475 | 1.005

(c) 1
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