60  Chapter 1 Limits and Their Properties

100. Define f(x) = f,(x) — f,(x). Since f, and f, are continuous on [a, b], so is f.
fla) = fola) — fi(a) > 0 and f(b) = £,(b) — f,(b) < 0.

By the Intermediate Value Theorem, there exists c in [a, b] such that f(c) = 0.

f(C) :fz(c) _fl(c) =0 = f1(c) =f2(C)
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R e 2Amsa T
x—lzl;r]Z’(x+2)2:oo x—l}l}lZ’x+2:_
3. lim tan = = —co 4. lim secﬂ = oo
x—>—2" 4 x—-2" 4
lim_tan—7 = oo l Z=-
e LR
5. £() = 5~
. flx 2-9
X —3.5 | —3.1 [—=3.01|—3.001 || —2.999 | —2.99 -29 =25

f(x) | 0.308 | 1.639 | 16.64 | 166.6 || —166.7 | —16.69 | —1.695 | —0.364

lim_f(x) = o0

lir‘nyf(x) = —o0
6' f(x) = xz — 9
X =33 =&l —3.01 | —3.001—2.999| —2.99| —29 | —25

f(x)| —1.077 | —5.082 | —50.08 | —500.1 [ 499.9 | 49.92 | 4.915 | 0.9091

X —35| —3.1|—3.01| —3.001 [|—2.999 | —2.99 =29 =235

f(x) | 3.769| 15.75| 150.8| 1501 —1499 | —1493 | —14.25 | —2.273
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8. flx) = sec ==
6
X =33 =3 —3.01 | —3.001 —2.999 | —=2.99| —2.9 | —2.5
fx)| —3.864 | —19.11 | —191.0 | —1910 || 1910 | 191.0| 19.11 | 3.864
ligly flx) = —c0
lim f(x) = oo
x—>-3%
9. li = i ) 10. lim ——x =
xlg)l* X2 .. xg.([)l' a : x—gl* (x == 2)3 e
Therefore, x = 0 is a vertical asymptote. li 4
Im === =&
x—2 (x = 2)
Therefore, x = 2 is a vertical asymptote.
2 =2 . 24x
. lim —————— = 12. 1 = -
i Py y R o T—x %
I 2 -2 . limZ+x_oo
S G-2)c+1) = x-1m 1 —x
Therefore, x = 2 is a vertical asymptote. Therefore, x = 1 is a vertical asymptote.
lim — 22
-1 (x—2)x+ 1)
li _hle_ e
- x—2x+1) )
Therefore, x = —1 is a vertical asymptote.
; X
13. N _131}‘11 P ool 14. No vertical asymptote since the denominator is never
Zero.
i X il
x—}l;nl_ /\2 -1 B >
Therefore, x = —1 is a vertical asymptote.
fi '
x—gl“' x2 -1 °
dRE= =

Therefore, x = 1 is a vertical asymptote.

sin 2x
15. f(x) = tan 2x = =W

@2n + D
x ="

has vertical asymptotes at

T nm ;
= + ——, n any integer.

4 2
17. lim (1 —i) = —oo = lim (1 —i>
>0+ t? t—0~ £2

Therefore, t = 0 is a vertical asymptote.

il
16. = = h rti t
fx) = sec mx cos . asve ical asymptotes at

___2n+1
2

X , n any integer.

—oo = lim ———

1 g

L i

Therefore, s = 2 is a vertical asymptote.
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19.

21.

23.

25.

27.

29.

' x _
AL S ey Sl

. X -
L e v et Rk

Therefore, x = —2 is a vertical asymptote.

li ;_w
A G+ 2E -1

hm — %
S G+r)E-1)

— 00

Therefore, x = 1 is a vertical asymptote.

x+1DO2—-x+1)

A
N %1

x+1

f)

has no vertical asymptote since

lirillf(x) = lillll @ —-x+1)=3,

not infinity.

t !
s(r) = = has vertical asymptotes at t = nar, n

a nonzero integer. There is no vertical asymptote at
t = 0 since

lim—— =
=0 SIn ¢

: bl s
x—1>n—11x+1 _xgn—]l (X 1)-— ¢

i / [ i %
-5
Removable discontinuity at x = —1
2+1 .
= o0 « 8

m —C0o =2
x--1"x + 1

x—lzr—nl*X'i‘I T
oL AL :k

Vertical asymptote at
x=—1

20.

22.

24.

26.

28.

. B o N
A Grap s 2= ey

Therefore, x = —3 is a vertical asymptote.

x2—4 _x+2)x -2

h(x)=x3+2x2+x+2—(X+2)(x2+1)

has no vertical asymptote since

. _ oo XxX—2 4
A e = m s =%

not infinity.

_tan@ _ sinf

8(0) 6  fcosb

has vertical asymptotes at
g 2n + )m

T
= — + nm, n any integer.
5 B Yy integ

There is no vertical asymptote at 6 = 0 since

lim tan 6
01—>0 6

. X —6x—17 g
x}ln—ll x+1 —xgr—r-ll (x 7) =8

2

..-—"/F
.—f'/-"

=12

Removable discontinuity at x = — 1

in(x +
fim $0E+D _ 5

x+1

x=>—1

Removable discontinuity at

48
x =]
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31.

33.

35.

37. lim

39. 1

41.

43.

45.

47.

2
lim

——— =0
—4* x2 — 16

i 2+ =3 N Tl
x—er—%’XZ+x_6 x—=-3"x—2

Co
5

lim (1 +-]—>= —oo

x—=0" X

. L Sy
x—0" SIn x

X2 —x X 1

e =1 ‘B ZELr1"3F

%=+ % +'1
f(-x) - 3__1
Sl = WS = e
10
-10 _,_‘L 10
-10
) = o
=755
lirgn‘ flx) = —o0
0.3 ;
‘BJIE ika
e
-0.3
k
A [r] < 1. Assume k # 0.
. . k .
lim §= lim —— =00 (or —ccifk < 0)
r—1 r»1- 1 —r > A
2(7) 7 .
a) r=———=—ft/sec
. 625 — 49 12/
2(15) 3
b) r = —/—————— = = ft/sec
" 625 — 225 2 /
B = 5

=25 /625 — 2

: el
Lol ey Sk

2+ -
3, X rx-l

im ‘m Sx—="1,.5
x==(1/2* 4x> —4x — 3  x»-(1/2* 2x—3 8

36. lim (x2 = l) = oo

x—=0" X

38. =

lim ~ ==
x—(7/2)* COS X

o =2 L
W m
3 -1

%2 fil5) X +x+1

4. f(x) = sec%
lim f(x) = —co
x—3*

k
46. P = %
=k g
Vhr{)1+ Vo k(co) = oo (In this case we know that k > 0.)
48. (a) r = 507 seczg = 30—30—77.ft/sec

() r =507 sec2—37Z = 2007 ft/sec

. 2 s
©) 0__)1(1;1/12)7 [507 sec? 6] = oo



