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4. gis continuous on [—4, —2), (—2, 2), [2,4), (4,6), and (6, 8).

6. The graph of y = f(z) must have discontinuities
atz = —1 and = = 4 It must show that
lim f(z)= f(—1)and lim+ flz) = f(4).
z——1" z—4

¥

— —

8. The graph of y = f(z) must have a discontinuity
atz = —2with lim f(z)# f(—2)and
5

T——

liszr flx) # f(—2). It must also show that

lim_f(z) = £(2) and lim_f(z) # £(2).

x—2—

T
~ 1 =

10. (a) Continuous; at the location in question, the temperature changes smoothly as time passes, without any instantaneous jumps

¥

from one temperature to another.

(b) Continuous; the temperature at a specific time changes smoothly as the distance due west from New York City increases,
without any instantaneous jumps.

(c) Discontinuous; as the distance due west from New York City mcreases, the altitude above sea level may jump from one
height to another without going through all of the intermediate values—at a cliff, for example.

(d) Discontinuous; as the distance traveled increases, the cost of the ride jumps in small increments.

(e) Discontinuous; when the lights are switched on (or off), the current suddenly changes between 0 and some nonzero value,
without passing through all of the intermediate values. This is debatable, though, depending on your definition of current.
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12. lim f(z) = lim (3z* — 5z + 2T +4) =3lim z* — 5 lim 2 + s’—limz{a:ﬁ+4)
=3(2)* - 5(2) + VZ +4=48—10+2=40= £(2)

By the definition of continuity, f is continuous at a = 2.

16. For a < 3, we have

lim g(z) = lim 2+/3 — =

=21lm3-72 [Limit Law 3]
=2,/lim(3 — =) [11]

=2, /im3-Tmz [2]
=2v3—a [7 and 8]
=gla)

So g is continuous at z = a for every a in (—co, 3). Also, lim g(z) = 0 = g(3), so g is continuous from the left at 3.
z—3—
Thus, g is continuous on (—co, 3]

2

r —x R 1
if z£1 ¥
20. f(x) = zz —1 7
1 ifz=1 _
y=1
2
" —x a(x—1) x 1 0 x
li — & =i = lim — =
lim f(=) = lim 23— = lim z+)(z—1) estz+1 2
but £(1) = 1, so f is disconfinous at 1. x==1
2 2 2
z2—8 (z—2)(z"+2x+4) z"+2x+4 . . 4+4+4
24, = = = fi 2.8 I = ———— =3, defin 2)=3.
fle) =75 (z—2)(z+2) z+3  for@# 2 Sincelim flz) = —- , define £(2)
Then f is continuous at 2.

30. By Theorem 7, the triponometric function tan x is continuous on its domain, {:c |z £ 3+ ?rn}_ By Theorems 5(a), 7, and 9,

the composite function /4 — 2 is continuous on its domain [—2, 2]. By part 5 of Theorem 4, B(z) = —Tn z = is
L% — &I

continuous on its domain, (—2, —w/2) U (—x /2, w/2) U (7 /2, 2).
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42,

46.

52.

r+1 ifz<1
flz)=1¢ 1/= fl<z<3
z—3 1fz>3 (L,2)

/. (3:%)
f 1s continuous on (—oo, 1), (1, 3), and (3, oo), where it is a polynomial, 1, ln}\/

arational function, and a composite of a root function with a polynonual, (3.0 *

=

respectively. Now lim f(z) = lim (z+1) =2 and lim flz) = lim (1/x) = 1, so f is discontinuous at 1.
z—1" x—1" T—1 r—1

Since f(1) = 2, f is continuous from the left at 1. Also

2

lil';l_ flz) = 1ir;1_ (1/z) = 1/3, and

lim_ flz) = lim Vo —3=0= £(3), so f is discontinuous at 3, but it is continuous from the right at 3.
z—3 xz—3

z: —4

xz—2

ax’ —bz+3 if 2<z<3

2r—a+b if >3

if <2

flz) =

2
—4 2)(x — 2
Atz =2 lim f(z)= lim — — i A lim (z+2)=2+2=4
z—2—

x—2— x —2 z—2— x—2 z—2—

(ax® — bz +3) =4a —2b+3

Jop, fle) = lim,

We must have da — 20+ 3 =4 orda —2b=1 (1)

Atz =3 lim f(z) = lim (a.:rz—b.r+3)=ga—36—|—3
=—3 -

z—3

li = lim 2z —a+b)=6—a+b
g ()= g, (m —atb)=6—a

Wemusthave9a —3b+3=6—a+b,orl0a —4b =3 (2).

Now solve the system of equations by adding —2 times equation (1) to equation (2).

—8a+4b= -2
10a —4b= 3
2a = 1

So a = . Substituting 1 for a n (1) gives us —2b = —1, so b = 1 as well. Thus, for f to be continuous on (—oc, =),
1
a=b= T -
f(z) = V& + = — 1is continuous on the interval [0, 1], £(0) = —1, and f(1) = 1. Since —1 < 0 < 1, there is a number ¢ in
(0, 1) such that f(e) = 0 by the Intermediate Value Theorem. Thus, there is a root of the equation ¥z +z — 1 =0, or

Vz =1 — z, in the interval (0, 1).
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2. (a) The graph of a function can intersect a The graph of a function can intersect a horizontal asymptote.
vertical asymptote in the sense that it can It can even intersect ifs horizontal asymptote an infimte
meet but not cross it. number of times.

| x

(b) The praph of a function can have 0, 1, or 2 horizontal asymptotes. Representative examples are shown.

,. N

X A x
No horizontal asymptote One honizontal asymptote
4. (@) lim g(x) =2 (b lim g(z)=-1
d) L =— li =
@ lim g(x) = —o0 () lim g() = oo
8. lim f(z) =co, lim f(z)=oo,
lim f(z) =—oco, lim f(z) =0,
r——2— r——o0
lim f(z) =0, £(0)=0
¥
x=—2
0 x
x=2
_ 2 .2 3 7
1—z" (1—=) /" lim 1/z" —1/=z

16. Im ————— =1 =
sseoz® —xt1 s—eo (22 —z+1)/z° ==l —1/22+1/27

lim 1/2° — lim 1/z 0—0
— T =00 T 00 — -0
lim 1 — lim 1/22+ lim 1/z® 1-0+0

¥

L.

Two horizontal asymptotes

(€) lim g(x) = —o0

(f) Vertical: z =0,z = 2;
horizontal: y = —1,y =2
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24,

42,

. Divide numerator and denominator by €**: lim ——————— = lim =

.y=flz) =2°(z +2)*(x — 1). The y-intercept is £(0) = 0. The z-intercepts Y

VOz® — = VIF = 2 m —/02° —2)/z°

li = lim == i T = —V2f fi 0
e 1 e (2 + 1)/a? lim (1+ 1/29) [smee 2 2" forz < 0]
lim —,/9—1/=z° — lim 9— lim (1/z°)
— ET——oo — r——0o r——0 — T 0=_-3
lim 1+ lim (1/2%) 1+0

. lim (67" + 2cos 3z) does not exist. lim e~ ® = 0, but lim (2 cos 3z) does not exist because the values of 2 cos 3z

L0 E—00 T— D

oscillate between the values of —2 and 2 infinitely often, so the given limit does not exist.

63:5 _ 6—31: ) 1— e—ﬁm 1—0 _

= =1
z—o0 3% + €73%  zooo | + e 0= 1+0

.Lett =Inz Asez — 07, - —cc. lim tan"!(Inz) = Jim tan~'t = —2 by (4).

z—0t

2 1
z°+1 1 I 14+ —
2+1 . x2 =l tE ‘-'—u‘g’( +I2>

lim ——
oo 2z — 3z — 2 wo0 228 — 3z 2 e—eo, 3 2 ( 3 2)

2~ _ =

IE x x ] x 1“2

1

lim 1+ lim —
= & 3 =3 -(l}_ 0= 3 so y = 3 is a horizontal asymptote.
2
xT

Iim 2 — lim —— lim
E—O0 o—oo I a— o

2 2
y= flz) = —= +1 = +1 so  lim f(z)=o0 4

222 —3x—2 (22+1D)(z—2) @ (—1/2)—

because as  — (—1/2)~ the numerator is positive while the denominator

approaches 0 through positive values. Simularly,  lim N flz) = —o0, —3
z—s(—1/2) (’_\ J
lim f(z)= —oo, and 1im+f(:c)=oo_ 'Ihus,:r=—% and = = 2 are vertical n
o—+ 2 x—2 —

asymptotes. The graph confirms our work.

are 0, —2, and 1. There are sign changes at 0 and 1 (odd exponents on x and
x — 1). There is no sign change at —2_ Also, f(z) — oo as £ — oo because all

three factors are large. And f(z) — oo as z — —oo because z° — —oo, o AV

(z+2)? — oo, and (z — 1) — —oo. Note that the graph of f at = = 0 flattens out
(looks like y = —a”).
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