m Exercises

1. Given that

!ig.r'[x'.l=4 "@g[ﬂ=—3 Lim bx) = 0

find the limits that exist. If the it does not exist, explain why.

() !lml[ fx) + 5g(x] () H[gfﬂ]‘
- . 3fix)
() 1oy o/ flx) (d) lim rE
- glx) _ glxbix)
(=) ].m% hix) H PI% flx)

2. The graphs of f and g are given. Use them to evaluate each
lmat, if it exasts. If the lmut does not exist, explain why.
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@ lim[ A9 + ¢(9] (&) Lim [ A(2) + g(x)]
(<) lim [ Mx)g(x] (d) lm 1
i} —-1 glx)

(e} lim [x* fiel] (f) bm /3 + x)

3-89 Ewvaluate the ot and justfy each step by indicating the
approprizte Limit Lawi{s).
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4 ].i:n‘.‘l.l (x* — 3xlx® + 5x+ 3)
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10. (a) What 15 wrong with the following equation”

¥*+x—6
——=x+13
x—2

(b) In view of part {(a), explain why the equation

*+x—6
b i (x4 3)

3 1—2
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11-32 Evaluate the lumat, 1f 1t axists.

. X —6x+3 x—d4x
“‘]rl% x—3 iyt —3r—4
11me —5x_+5 1 lim \x'—4x

5 x—5 =1 x* —3x—4

Pf—9 e+ 3r+ 1
b lm ——— 16 hm —mM—
312+ Te+ 3 =1 x*—2x—3
- 2 _ 3 _
'IT.]jm{ 5+ HF—25 mumquh} 8
= h B0 h
x+2 -1
19 —~1x'+ 8 “'.vl;"—l
21.Ijm"9+h_3 n Vdu+1 -3
=] h u—l u—2
1,1
4 ¥+ 2r+ 1

lim 4, —_—
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i 3. (2) Estimate the value of
—ofl+3x -1
by graphing the function f{x) = x,l"[:w.-"l + 3x — 1].
(b} Make 2 table of values of fx) for x close to 0 and guess

the value of the limit.
(e} Use the Lyt Laws to prove that your guess 15 correct.

] 3. (2) Use a graph of

.I'Tx} _ Wi+ x - 1.'3_
X

to estimate the value of im___, f(x} to two decimal
placas.

(b} Use a table of values of /x) to estmate the limit to four
decimal places.

{c} Use the Limit Laws to find the exact value of the humut.

fF| 35. Use the Squeeze Theoram to show that
bm,__., (x*cos 207x) = 0. Mustrate by graphing the
functions f{x) = —x7, glx) = x% cos 20w, and Hx) = ¥ on
the same screen.

aﬂ 36. Use the Squeeze Theorem to show that
lim /¥ + x* sin— =0
—0 ¥
DNstrate by graphing the fanctions £ g, and & (m the
notation of the Squeeze Theorem) on the same screen.
W Hdr—9=fAx)=x'—dx+ Tforx= C',fmdl.in‘:‘ flx).
3 If2r = gix) = x* — x* + 2 forall v, evaluate ].i.tr:llg[x‘.l.

2

3. Prove that |.1.I:Iil= xfeos— =10
— x

4. Prove that lim Jr[1 + si*(2wfx)] = 0.

41-46 Find the limit, if it exists. If the limit does not exist,
explain why.

I+ 12
a1, lim (2 + |x — 3]) 2 lm
=3 S x+ 6

x — 1 1 -
8 lim w2
—s | 2x% — &P —1 2+4+x

.1 1. .1 1.
6 Lim |—- — 6. lim |— - —
el x |.t'| it X |x|

471. The signum (or sign) fimction, denoted by sgn, is defined by

-1 ifx=0
sEnx = 0 if x=0
1 ifx=0

(a) Sketch the graph of this function.
(b) Find each of the followang himits or explain why if dees

not exist.
(1) hﬂ sED X () IJE SEL X
(i.i.i}l.i:v:%sgnx () H|sgﬂx|
48, Let
r+1 drel
flx) = R
"} {l:x —2F fr=1

(@) Find lim - f{x) and lim ., fx).
(b) Does lim ,—; fx) exist?
(c} Sketch the graph of £



r+x—6

49, Lat )=
90 ="

(2) Find
(i) Lim g(x)

{b) Does hm, 2 glx) exist?
(c) Sketch the graph of g.

(i) lm g(x)

50. Let

x if x=<1
3 if x=1
2 Pl k=12

- x
-3 fax>2

glx) =

-

(a) Evaluate each of the following, if it exists.
(i) mgld (i) mgld (i) o))

) limgld @ Hmeld () lme(x)
(b} Sketch the graph of g.
51. (a) If the symbol [ | denotes the greatest integer function
defined 1n Example 10, evaluate
() lm [d (i) lm [d
(b)) If nis an infeger, evaluate
() lm[d (i) lm [d
(c) For what values of a does lim, ., [ x] exist?

(i) lim [+

62 Ietfly) =eosx], - v=x=m
(a) Sketch the graph of [
(b) Evaluate each limuit, if 1t exysts.

(i) lim f(x) (i) lLm fx)
(i) Lm A (%) Lm flx)

(c) For what values of a does lim, ., fix) exist?

8L If flx) = [x] + [—«], show that im___, f{x) exists but is not
equal to £(2).

B4, In the theory of relativity, the Lorentz contraction formula

L=1[.T—o¥c2

expresses the length [ of an object as a function of its velocihy
r with respect to an observer, where L, is the length of the
ohject at rest and ¢ is the speed of light. Find lim, .. [ and
interpret the result. Why is a left-hand limit pecessary?

SECTION 1.6 CALCULATING LIMITS USING THE LIMIT LAWS mn

55. If p is a polynomial, show that lm | plx) = pla).

B6. If ris a rahonal function, use Exercize 55 to show that
lm, ., rix} = rla) for every mumber ain the domam of .

5. HH%= 10, find lim A(x).
. Ax . . ..
BB, Ifhn}‘—,=3:ﬁ.udthefn|]nmnghmﬂs.
—0 oy
. . 3]
@) lim 119 ) 1im 22
P — X

B0 If

) = x* if xis rational
= 1o if xis irrational

prove that hm, ., fAlx) = 0.

60. Show by means of an example that im, [ fx) + g(x)] may
exist even though nerther im, ., f{x) nor im, . . gl x) exists.

61. Show by means of an example that kim, . [ ) gl 2] may
exist even though netther bm, ., f{x) nor im, ., gl exists.
/6 —x —2
62 Evahuate lim ~“——

T or -1

B3, Is there 2 umber a such that
im 3x? -|1- ax+a+3
—-2 *+x—2
exists? If so, find the value of a and the value of the limit.
64. The figure shows a fined cirele ) with equation
(x — 1" + 3" = 1 and a shrinking circle > with radius r and
center the origin. ' i= the point (0, r), (J is the upper point of
intersection of the two circles, and #'is the pomt of mtersection
of the line () and the x-axis. What happens to / as {; shrinks,

that is, as r — 017
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