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Chapter 1 Limits and Their Properties

Xk D

63. f(x) = G- 17

(a) 8~ 0.178 for M = 100. (b) &= 0.055 for M = 1000.

150 1500

|

1+0.178
1-0.055, 1
2134 0 2.134

—_flm - ———f = =]

Review Exercises for Chapter 1

11.

14.

. Calculus required. Using a graphing utility, you can 2. Precalculus. L = /(9 — 1)2 + (3 — 1)2 = 8.25

estimate the length to be 8.3. Or, the length is slightly
longer than the distance between the two points, 8.25.

x -0.1 | —0.01| —0.001| 0.001 0.01 0.1
fx) | =026 | —0.25 | —0.250 | —0.2499 | —0.249 | —0.24 _1 1
.Jd""-d_’—’_’—'_'——
lim f(x) =~ —0.25
x—0 =1
x —-0.1 -0.01 | —0.001 | 0.001 | 0.01 | 0.1 :
fx) 0202 | 02 0.2 0.2 02 | 0.198 § 1
lim f(x) = 0.2
x—=0 1
% 3
=22 (a) lim h(x) = —2 6. glx) = —— (@) lim g(x) = oo
X x>0 X — 2 x=32
® lim Ax) = =3 (b) lim g(x) = 0
x——1 x—0
Llim(5x—3)=502)-3=7 8. lim(3x +5) =3(2) +5 =11
x—2 x—2
, . [3x+5) 32)+5 11
. lim (5x — 3)3x + 5) = [5(2) — 3][3(2) + 5 ; = =—
lim (5x = 3)(3x + 5) = [52) - 313@) + 5] 10 iy (X13) - 3B+ 21
=7 11 =77
2+1 32+1 10 t2-9 L t+2 1
i = - — T =] . 13. 1 = i =
B r.. 3 B = rei LA S Am =T A
L VAt x—2 . JA+x—2 JA+x+2 [+ D)1 1=(x+1)
lim — = lim . 15. lim = lim
x—0 X x—0 X /4 + x + 2 x—0 s x—0 x(x + 1)

= lm—= = x>
=0 Jh+x+2 4

(c) As M increases, 6 decreases.

1
4
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1/V/1 + 5) = hm[(l/\/l +s5)—1 (/VT+5s)+ 1]

16. 1
50 s 50 s (1/V1T+3s) + 1
V(R 5 |
s s[(l/‘/l )+ 1] H0(1 +9l(1/VT+s)+ 1]~ "2
. X+ 125 . (x+ 5)(* — 5x + 29) 2 —4 ) x+2)x—2)
L x1—1>-5 x+5 xl_]>n—15 x+5 18: xl—1>m2 318 o (x + 2)(x* — 2x + 4)
= lim (2 - 5x + 25) .
x2S ——2x>—2x + 4
=175
.
12 3
2 ! 20. lim — - =
19. lim (x—;g>4 —oo w2t 32— g4 ®
lim ke =
x—2" 3/x2 — 4 - «©
. 1 .
Thus, )1(1_)11% m does not exist.
. sin[(7/6) + Ax] — (1/2) . sin(7r/6) cos Ax + cos(7/6) sin Ax — (1/2)
21. lim = lim
Ax—0 Ax Ax—0 Ax
— lim 1 (cosAx —1) + lim _é sin Ax
a0 2 Ax A0 2 Ax
f \/—
= (]) =
2. i cos(m + Ax) +1 i SO COs Ax — sin 7sin Ax + 1
o Ax = Ao Ax

23.

25.

27.

29.

31.

) [ (cos Ax — 1)] i [ . sin Ax]
lim | ———— | — lim |sin#
Ax—0

Ax—0 Ax Ax
= —0- 1) =0
27 +x + 1 ; i
s S DT - 24, 1 =
I8 = %9 0 ol =1
x+ 1 1 % 1 1
x+1r_ .1 1 T L
x—)llfll' x3 + 1 x—lg—-mﬁ X2 =%+ 1 3 & XJILIII x4 — 1 x—1>1m ( )(x i 1) 4
2 4+ 2x + 2 — 0x +
. % B . 9%/ fip mr Ll
x—1" x—1 x——1* X 1
. sindx . 4(sindx\| _ 4 . Secix
el | [5( 4x )] ~5 40 I =, =
2
figgy S o i ek o 32 lim 2=~
x—=0" X x—0* x sin 2x =0~ X
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B ]
33. f(x) L _.Zx—__._‘/g
Xl
@Fs T 13 1.01 1001 | 1.0001 (®) 2
f(x) | 0.5680 | 0.5764 | 0.5773 | 0.5773 oo o0
-2 1C
+ —
m M ~ 0577 (Actual limit is +/3/3.) =
x—=>17% X 1
i S+ 1 =B - i Y2 -3 Sa+1+J3
X1+ x =1 x=1* xi— 1 /2x + 1+ /3
e 2x+1)-3
=1 (x — 1)(\/2x + 1+ ﬁ)
L 2
= lim ————=
=T S+ 1+ 3
ook L B
23 3 3
1—¥x
34. flx) = ==
@ % 1.1 1.01 1001 | 1.0001 ®) :
—0.3228 | —0.3322 | =0:3332.| =0.3333 s s
) e
e B
lim, lx _\/x ~ —0333 (Actual limit is —1.) s
1Y 1-Yx 1+¥x+ A)
(¢) lim = lim 2 )
=1t x— 1 -1t x—1 ]+i/;-+(g/;)

_ I —x
= A0 (e — 1)[1 + 3%+ (2/;)2]

=

= lim

o 1+ 35+ (Q/;C)2
el
T3

35. f(x) =[x + 3]

37.

lir£1+ [x + 3] = k + 3 where k is an integer.
HIE [x + 3] = k + 2 where k is an integer.
x—

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

e —x-2 % 1
fl) = x—1 7
0, xi=1
3% —x—2

11_r)r}f(x) - )lcl—lf} x— 1

=lim(3x+2)=5%#0
x—1

Removable discontinuity at x = 1
Continuous on (—oo, 1) U (1, c0)

36. f(x)

38.

W-x—2_ Bx+2—1)
X% — 1 & — 1

limf(x) = lim(3x +2) =5
x=1 x—1

Removable discontinuity at x = 1
Continuous on (— oo, 1) U (1, c0)

5 == B 2
f(x)_{2x~3, x>2

lim (5—x) =3

x—2"

lim 2x—3) =1

x—2*

Nonremovable discontinuity at x = 2
Continuous on (— oo, 2) U (2, co)
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41. f(x) =

39.
lim
:
\
|
|

1
flx) = Go2p
x.-)2(x—2) .

Nonremovable discontinuity at x = 2

Continuous on (— o0, 2) U (2, o)

3
oot |

lim f(x) =

x—1"

lim, f(x) =

x—1t

Nonremovable discontinuity at x = — 1
Continuous on (—oo, —1) U (—1, o0)

43. f(x) = cscfzf 44. 1(x)

46.

47. A

Nonremovable discontinuities at
each even integer. Continuous on

(2k, 2k + 2)

for all integers k.

42. f(x) =

x+1 / 1
40. f(x) = _V p = 1 3t ;
. 1
lim /1+—-—=00
x—0" .
Domain: (—oo, —1], (0, c0)

Nonremovable discontinuity at x = 0
Continuous on (—oo, —1]U(0, oo0)

x+ 1
2x + 2

i Xk 1 _1_
o+ 1) 2

Removable discontinuity at x = —1
Continuous on (—oo, —1) U (—1, o0)

= tan 2x 45. ) =5
Nonremovable discontinuities when Find ¢ so that lixg (cx + 6) = 5.
:(2n+1)'n' c2)+6=5
4

2c = —1

Continuous on .

P

((Zn - 7 (2n + ])77) 2

4 ’ 4

for all integers n.

lim (x + 1) =2
x—>1"

lim (x + 1) = 4

Find b and ¢ so that liI’{l_ (x2 4+ bx + ¢) = 2and lix?+ (% + bx + ¢) = 4.

Consequently we get 1+b+c=2

Solving simultaneously, b = —3 and

= 5000(1.06)11

Nonremovable discontinuity every 6 months

9000
-0
-0
Mﬁ
0 - - 5
4000

and 9 +3b +c¢c=4.
c=4.

48. C=9.80 + 250[—-[-x] — 1], x>0

= 9.80 — 2.50[[—x] + 1]

C has a nonremovable discontinuity at each integer.

30
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0, =1+ % 50. h(x) =

Vertical asymptote at x = 0

4x
4—x

Vertical asymptotes at x = 2 and

5L £6) = =15 . o

Vertical asymptote at x = 10

x= -2
80,000p
= s C=———= 0%
52. f(x) = csc mx 53.C 100 — p’ 0<p<100
Vertical asymptote at every integer k (@) C(15) ~ $14,117.65 (b) C(50) = $80,000
” . 80,000p
(c) €(90) = $720,000 (d) p_l:{go 100 =5 e
84; o) = B2
x
(@
X -0.1 —0.01 —0.001 0.001 0.01 0.1
f&) 2.0271 2.0003 2.0000 | 2.0000 | 2.0003 | 2.0271
fitn A =
x>0 X

(b) Yes, define
tan2x, x#0
f)=1"x .
2, x=0

Now f(x) is continuous at x = 0.

55, lim s(@) — s(t) _ i (—4.9(4)% + 200) — (—4.92 + 200)

4—1t

tva a—1 t—4

=i 490t — 4)(t+ 4)
1—4 4 —t

= lim —4.9(t + 4) = —39.2 m/sec
t—4

56. s() =0 = —4.92 +200=0 =  ~40.816 = t =~ 6.39 sec

When ¢ = 6.39, the velocity is approximately

limM = lim —4.9(a + 4)
t t—a

t—a a —

= lim —4.9(6.39 + 4) = —50.9 m/sec.
156.39

e | X ; o e e
57. lim J-J- = ] is false. lim J—'— does not exist, since
x—0 X x—0 X

limﬁch-l= —1 and lim M= L.
x—0" X -0 X

59. True; see Theorem 1.7.

lim f(x) = lim
x—1

60. False; let f(x) =

58. lim x*> = 0 is true.
x>0

2 =1
x2 -1

Then, 61. True

1
=-1x + 1 2

but (1) is not defined.
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62. lim f(x) = 3 is false since
X2

xl_ig\f flx) = 3 and xl_lgl+ flx) =0.

2 = s
64. f(x) = I);—;l = G+ 2)["——-
lim f(x) = —4

lim, f(x) = 4
x—2

lim f(x) does not exist.
x—2

lx = 2|

63. lim f(x) = 1 is true since
x—3

lim (x —2) = 1and lim (—x* + 8x — 14) = 1.
x—3 x—3*

65. flx) = V(x — 1)x

Domain: (—oo,0]U[1, co)
lim f(x) =0
x—0~

linlr1+f(x) =0



