Ly f(y) y f)
2.002 | 1.998 | |
2.001 1.999

20000 | | 1.9999 |

lim f(x), where f(x) = xInx.

x—0+
x | 1]05]01][005] 00100050001
o T 1]

& Determine lim f(x) for f(x) as in Figure 9.
1 x—0.5

Determine lim g(x) for g(x) as in Figure 10.

x—0.5
b y
)
- 1.5¢
5‘.; ! f(x) (1

1 | ) | )
1 05 \ 0.5 N
. FIGURE 9 FIGURE 10
Exercises 7-8, evaluate the limit.

X Iim x 8. Ilim V3

. 121 x—4.2

Exercises 9-16, verify each limit using the limit definition. For ex-
pmple, in Exercise 9, show that |13x — 12| can be made as small as
- gred by taking x close to 4.

& fim 3x = 12 10. lim 3 =3

x—4 x—>3

B lim (5x +2) =17 12. lim (7x — 4) = 10
e x—-3 x—2

lim x2 =0 14. lim 3x% —9) = —9

F -0 x—0

lim (4x2 +2x +5) =5 16. lim (x> +12) =12

x—0 x—0

RExercises 17-36, estimate the limit numerically or state that the limit
es not exist. If infinite, state whether the one-sided limits are o0 or

. 2x% — 32
lim ﬁ 18. Im ———
=1 x—1 x—»>—4 x+4

2 B0 < 3___2 2.\
I o i B ek
3 x—>2x2—x—2 x—3 x2—2x—-3
oy .
B im 29 i ==
—0 X x—0 X
9= i
s b ML 5 T

AN ) x—>0 x2
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1 _
2% i e 5% iy 252
=4 (x — 4)3 x=>1-x—1
s 3h — |
27. lim - 28. lim
x—=>3+x2 -9 h—>0 h
S 1 . |
29. lim sinhcos — 30. lim cos —
h—0 h h—0 h
31. lim |x|* 32. lim sec”_ x
" 250 S xa e afx =1
[ —e
33, lim — 34. lim (1 +r)\/"
t—elnt — | r—0
tan"x tan_lx—x
35. Ilim 36. lim
x=>1-cos— 1 x x—0 sin'"lx—x

37. The greatest integer function is defined by [x] = n, where n is the
unique integer such that n < x < n + 1. Sketch the graph of y = [x].
Calculate, for ¢ an integer:

(@) lim [x] (b) Iim [x]

X=rC— X—=>C+
38. Determine the one-sided limits at ¢ = 1, 2, and 4 of the function
g(x) shown in Figure 11, and state whether the limit exists at these
points.

1 2 3 4 5
FIGURE 11

In Exercises 39-46, determine the one-sided limits numerically or
graphically. If infinite, state whether the one-sided limits are 00 or —00,
and describe the corresponding vertical asymptote. In Exercise 46, [x]
is the greatest integer function defined in Exercise 37.

sin
39. lim — 40. lim |x|'/*
x—0+ |x| x—0+
PrOE T i o e B
x—0+ x3 x—=4+ x —4
4x2 47 -
8. i M i =0
x—>-2+ x34+8 o PRy S5
45. lim x> +x-2 46. li (”( [ ]))
. o m COS|{|— -
x>l x24x—-2 x—2+ g~

47. Determine the one-sided limits at ¢ = 2, 4 of the function f(x) in
Figure 12. What are the vertical asymptotes of f(x)?

48. Determine the infinite one- and two-sided limits in Figure 13.

- v o
.y 4t
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A34 | ANSWERS TO ODD-NUMBERED EXERCISES

3. y 1.998 1.999 1.9999
f(y) | 059984 | 0.59992 | 0.599992

y 2.0001 2.001 2.02
f(y) | 0.600008 | 0.60008 | 0.601594

The limit as y — 2 is 3.
5.15 7.21 9. |3x—12|=3|x —4|
11. |(5x +2) — 17| = |5x — 15] = 5|x — 3]

13. Suppose |x| < 1, so that
1x2 = 0] = |x + 0||x — 0] = |x||x| < ||

15. If |x| < 1, |4x + 2| can be no bigger than 6, so
14x2 4+ 2x + 5 — 5| = |4x% + 2x| = |x||4x + 2| < 6]x]

17. 5 19.3 21.2 23.0

25. Asx = 4—, f(x) > —o0; similarly, as x = 4+, f(x) = o©
27. —o0 29. 0 31. 1

33. 2.718 (The exact answer is e.) 35. o0

% f ¢ y

T —————— — - —— W ———— ——

L

@ c—1 (b)c
39. lim f(x)=-1, lim f(x)=1
x—0+

x—0-
1
41. lim x) =00, lim = -
x—>0—f( ) x_)0+f(x) g
4x2 +17 4x2 +17
43. Ilim ML = —00, lim : = 00
e, O B x—>—2+ x3 +8
S4x—2
5 TR s
x— 14+ x2 +x-2
47.  lim f(x)=o0and lim f(x)=o00.
x—>2— x—2+
« lim f(x)=-ocand lim f(x)=10.
x—4- x—>4+
The vertical asymptotes are the vertical lines x = 2 and x = 4.
49. y -5
61 3+
2 \———
4 Omme
14
2 o
arm— + X
_\ g 1 2 3 4 5
O
+ + + S 3
1 2 3 4
N « lim f(x)= lim f(x)=3
x—>1- x— 1+
e lim f(x)=-00
x—>3—
¢ lim f(x)=4
x— 3+
¢ lim f(x)=2
xX—5-
e lim f(x)=-3
x—5+

. xgnél_ fx) = Xgrgl+f(x) = 00

SS.

[ L]

57. 0.693 (The exact answer is In 2.)

) 4
0.6940 1

0.6935 /
) == y 0.6930 '
y= X . ot
0.6925 +

0.6920 }
59. —-12 f
61. For n even
63. (a) No (b) f(») = 1 forall integers n. g
(c) Atx =1, %, % ..., the value of f(x) is always —1.
. sinnf
65. lim =n
6—0 0
x" —1 n
7. l,,3,2;l' et
. iz?jxgnlxm—l m
69. (a)
y
5.5651
5.5551
5.545
5.525 [
x=3

(b) L = 5.545.

Section 2.3 Preliminary Questions

1. Suppose limy ¢ f(x) and limy ¢ g(x) both exist. The
Law states that

lim (f(x) +g(x)) = lim f(x)+ lim g(x).
X=>C X=>rC X=>C




