Homework 3

2. (a) Slope = 298=2030 _ 48 ~, 69 67 (b) Slope = 22482661 _ 287 — 71 75
(c) Slope — 2248=2806 _ 142 _ 7 (d) Slope = #E="1% = 13 = 66

From the data, we see that the patient’s heart rate is decreasing from 71 to 66 heartbeats/minute after 42 minutes.
After being stable for a while, the patient’s heart rate is dropping.

6. (a) h(x) approaches 4 as x approaches —3 from the left, so  lim h(z) =4
r——3

(b) k(=) approaches 4 as = approaches —3 from the right, so lim N hi(z) =4

z——3

(©) ]imgh(:r) = 4 because the limits in part (a) and part (b) are equal.

(d) k(—3) is not defined, so it doesn’t exist.
(e) h(z) approaches 1 as = approaches 0 from the left, so lim h(z) = 1.

x—0

(f) h(x) approaches —1 as = approaches 0 from the right, so lim hA(z) = —1.

z—0t
(® lin}] h(z) does not exist because the limits in part (e) and part (f) are not equal
(h) R(0) = 1 since the point (0, 1) is on the graph of k.
(i) Since lim h(z) = 2 and ]itn+ h(z) = 2, we have lin'}? h(z) =12
2~ z—2 T
(j) h(2) is not defined, so it doesn’t exist.
(k) k(=) approaches 3 as = approaches 5 from the right, so lim h(z) = 3.

z—5T
() (z) does not approach any one number as = approaches 5 from the left, so lim h(z) does not exist.
x—b—
8. (a) ]im2 R(z) = —oco (b) lim R(z) = oo
r— x—5
(€) lim R(z)=—co (d) ]im+ R(z) =0
x——3 ——3

(e) The equations of the vertical asymptotes are x = —3, x = 2, and x = 5.

6. lim f(z) = 1, lim f(z) = -2, lim_f(z) =2,
T— oz—3

z—3t

fl0)=-1,f@8)=1
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Homework 3

2. (a) ]im2 [f(=) + g(z)] = lin'}z flz)+ lin'}? glz)=2+0=2
(b) ]imi g(z) does not exist since its left- and right-hand limits are not equal, so the given limit does not exist.
(©) lim [f(z)g(x)] = lim f(z) - lim g(x) =0-13 =0

(d) Since lim1 g(z) = 0 and g is in the denominator, but lim1 f(z) = —1 # 0, the given limit does not exist.

(@) lim = f(z) = Lli_% a:**] [ii_% f{x}} —22.2-16

(®) lim /3 + f(z) = \/3+ler11f(x)=\f3+1=2

4. lim (z* —3z)(z’ + 52+ 3)= lim l:ﬂ’.‘ — 3z) ].Ln_l (x> + 5z +3) [Limit Law 4]

a——1 z——1

= ( llmlx — lim 3..":)( lim z?+ lim 5z 4+ lim 3) [2, 1]

E—— z——1 z——1 z——1 x——1

=(11m1:r —3 lim I)(h.m:r+5 Iim x4+ lim 3) [3]
=(1+3)(1-5+3) [9, 8, and 7]
=4(—-1)=—4
2_ R
9 fim == w4 e 44
z—>4i.“2—3ﬁ.“—4 :—»4{.1‘— )(.‘,E‘—F].} z—4x+1 441 5
r° —4x - - 9 ]
14. lim —doesnotaﬂstmnce.r —3z—4—0butzx® —4x — Hasx — —1.

a——1 722 — 3z — 4

1 1 x+4
1tz . T4 . z+4 o1 1 1
23. 1 = lm = — =1 = =
il prapy 44+ z——4 44 i 4z(4 + =) eo4 4z 4(—4) 16

11 1 1 t+1—1 1 1
% lm(;———)=lm(;————)=lm-—— — =lm——=——=1
s‘—’fc‘.(t 2 +t) sﬂ’%(t t(t+1)) 10 t(t+1) t=0t+1 041

36. Let f(x) = —v2? + 22, g(x) = vz? + 2? sin(w/z), and h(z) = +/2? + x2. Then
h
—1<sin(r/z) <1 = —vz?+2? </2?+2?sin(n/z) < /23 + 2
-1
f(z) < g(z) < h(z). So since lim flz) = ].i.n}]h(x) = 0, by the Squeeze Theorem
— r— f
we have lin}] glz) =0
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Homework 3

z+6 ifz4+6>0 z+6 if 2> —6
—(z+6) fz+6<0 |—(z+6) ifz<—6
We’'ll look at the one-sided limits.

42. |:r+6|={

2r 412 . 2(zx+6) . 2x+4+12 . 2(x +6)
im ——— = lim ——= =2 and lim = lim —~=-2
a6t |z+6] o—_6t z=+E zat6" |z+6] za6 —(x+6)
2z + 12 .
The left and right limits are different, so h.mﬁ m does not exist.
T—— P
47. (a) ¥ (b) (i) Sincesgnz = 1forz > 0, lim sgnz = lim 1=1

1
(1) Smeesgnz = —l forx <0, lim sgnx = lim —1=—-1

z—0 z—0—
0 x
4} (111) Since lim sgnzx # 11m+ SgN I, 11m sgn x does not exist.
x—0 x—0

(iv) Since |sgnz| = 1forz # 0, lin}] [sgn x| = lin}] 1=1.

4 (@) lim g(z) =2 (b) lim g(z)=—1 (¢) lim g(x) = —
(d) lir;l— g(z) = —co (e) lil’;l_'_ g(z) = oo (f) Vertical: x =0, =z = 2;

horizontal: y = —1,y =2

_ 2 .2 3 7
6 lim =% pm A=)/ 1z — 1=
z—oog? —x+ 1 a:—mc-c(m?—xﬁ—l){'mfl' m—mcm]__l’/m2+1‘/x5'

lim 1/2° — lim 1/z

j— = =0
im 1 — lim 1/z2 + lim 1/z  1-0+0
2. lim —% — lim zf = lim ——— [since 2 — v/z# for z > 0]
z—oo 4/ z—oo 4/ f’.l' T—00 (_51’.‘4+ 1)/1-4

lim ! = ! =
z—o0 /14 1/z% V140

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

E—00 T— D

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

33. Lett = e® Asz — co,t — oco. lim arctan(e®) = th'.tn arctant = & by (3).
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Homework 3

2
) ~ 2" +xz—1 2+l_i Lim 2_|_l_i2
. 2zt t+ax—1 . 2 . r x2? z—oo r =
43. llm —/——————— = lim - . = lim =
zooo X2+ x—2 w—oe gt lgp—2 z— 00 1 2 ] 1 2
- rT=- = 1+—-——-—= lim [14+—=——=
.‘I‘z € a r— oo i I2
Iim 24 I h !
11m 1 - — 11Im -
T—00 T—00 TT—00 2 2 G_D - -
= ]I = N —I(; 370 =2, soy = 21sa honzontal asymptote.
lim 14 lim 2+ —2 lim — 1 T0—2(0)
T—oo T—oD I T—oo I

2 —_— —_—
22" +z—-1 (2z ])(I_'_l),sn lim f(z) = oo,

y=f(z)= 22 +zx—2 (z+2)(z—1) z——2—

lim f(z)=—oco, im f(z)= —oo,and ]im+ f(z) = co. Thus, z = —2
z—1— z—1

e——2t -]

and x = 1 are vertical asymptotes. The graph confirms our work.
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