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2. (a) The graph of a function can intersect a The graph of a function can ntersect a horizontal asymptote.
vertical asymptote in the sense that it can It can even intersect its horizontal asymptote an infinite
meet but not cross it. number of times.
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(b) The graph of a function can have 0, 1, or 2 horizontal asymptotes. Representative examples are shown.
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No horizontal asymptote One horizontal asymptote Two horizontal asymptotes

4. (a) lim g(x) =2 (b) lim g(x)=-2 (c) lin':l? glr) =0

(d) limu g(x) = —oo (e) 1im+ glr) = —0co (f) Vertical: x = —2, x = 0, x = 3; Horizontal: y = —2, y = 2

T B——2

18. lim cotz = lim —— = —oo since the numerator is negative and the denomunator approaches 0 through positive values

T—T r—er— BINT

asx — T .

x* — 2 z(x—2) x . . . :

2. lim —————— = lim —————= = lim = —oo since the numerator is positive and the denominator

x—2 .7:2 — 4.3' + 4 a—2 (.T.' — 2}2 r—2— I — 2

approaches 0 through negative values as » — 27.

) z+2 ; (z+2) /= ) 14+2/x 1+0 1

26. lim ———= = lim ——=——=—= = lim . = ==

T—00 ‘p’gx2+1 T—oo ‘39I2+1f;"fx2 T—ro0 V/g+lfl932 V’g+0 3

. . ge .. €T T . 1—e™® 1-0
34. Divide numerator and denomunator by ™. lim ————— = lim = =1
z—oo £3F + g—J= xz—oo | + e~z 1+0
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2 1
3 x—l—l 1+l2 lim (]+—2)
40. lim ———— = lim ——%—— = lim zZ - T a
z—oo 22 —Fx — 2 z—oo Iyt — 3y — 2 T—00 o 3 2 . 3 2
—_— -—= = lm |2——-—-—=
T x X o0 X a
lim 1+ li !
im —
= z—oo oo 27 —_140 =l, so y = 1 is a horizontal asymptote.
. .3 . 2 2—-0-0 2 2
lim 2— lim — — lim —
T—oo x—oo I x—oo I
x4+ 1 =t +1

= = = 50 1' - 4
V=) = e e s T B o) e, f@=ee .
because as x — (—1,/2)” the numerator 1s positive while the denominator
approaches 0 through positive values. Similarly,  lim _ f(x) = —oo, ) 4

z—(—1/2) (\ J

lim f(z)=—oo,and lim f(z) = co. Thus, z = —1 and x = 2 are vertical \ :

T—2 r—2 —

asymptotes. The graph confirms our work.

6. Using (2) with f(z) = 2° — 3z + 1 and P(2,3),
flath)—fla) . F@+h)—f2) _ . (2+h)°—32+h) +1-3

m= fgﬂ h h—0 h h—0 h
. 8+12h+6R*+A*—6—-3h—2 . Oh+6hR+A° . R(9+6R+ A
= lim = im — — — — — — = Ilm —————
h—0 h h—0 h A—0 h

— lim (9+6h+ h?) =9
h—

Tangentline: y —3=9(z—2) & y—3=92—-18 & y=9x—-15
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14. (a) Let H(t) = 10t — 1 86¢>

H(1+r) —HQ) _ [10(1 + &) — 1.86(1 + k)?] — (10 — 1.86)
h =m0 A

(1) = im

10+ 10k — 1.86(1 + 2h + h?) — 10 + 1.86
m

h—0 h
— lim 10 +10h —1.86 — 3.72h — 1.86A> — 10+ 1.86
) h
6.28h — 1.86A°
= lim —————— = lim(6.28§ — 1.86h) = 6.28
h—0 h, h—0

The velocity of the rock after one second 1s 6.28 m/s.

. H(a+h)—H(a) . [10(a+h)—186(a+ h)’] —(10a —186a”)
®) v(a) = lim h = tm h

i, 10a + 10k — 1.86(a” + 2ah + h*) — 10a + 1864
= l1m

h—0 h
_ i 10a +10h — 1.860> — 3.72ah — 1.86h° — 10a + 1.86a” _ . 10h —3.T2ah — 1.86h°
B falg}] k B ﬁlg}l h
h(10 — 3.72 — 1.86}
— 1im X = J lim (10 — 3 72 — 1.86k) = 10 —3.72a

h—0 h
The velocity of the rock when t = a 15 (10 — 3.72a) m/s.

(c) The rock will hit the surfacewhen H =0 < 10t—186t>=0 < (10— 186t)=0 < t=~0or1.86t= 10.
The rock huts the surface when ¢ = 10/1.86 == 5.4 5.

(d) The velocity of the rock when 1t hits the surface 1s v (a5 ) = 10 — 3.72({%) = 10 — 20 = —10 m/s.

18. Simce g(5) = —3, the point (5, —3) is on the graph of g. Since g'(5) = 4, the slope of the tangent line at =z = 51s 4.

Using the point-slope form of a line givesus y — (—3) = 4(x — 5), ory = 4= — 23.
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32. Use (4) with f(z) = ]4 _
—x
4 _ 4
oy o Flath) —fla) . V/1—(ath) VI-a
f'(a) = lim h = hm h
Vi—a—vl—a—h
— 4 lim Vi—a—h1—a =4h__mv’]—a—\./1—a—h
h—0 h =0 b/l —a—h+l—a
Al Vi—-a—+vl—a—h Vi—a++1—a—nh . (VI—a)? — (V1 —a—h)*
= 1M . = 11m
=0 byl —a—hyl1—a +l—a++1—a—h =0 byl —a—h 1 —aly/1—a++/1—a—h)
. (l1—a)—(1—a—h) . —h
0yl —a—hvl-avl-atvl-a-h) roh/l-a-hvl-avl-atvl-a—r)
. -1 -1
=4 lim =4-
=0/ 1—a—h+y1—aly1—a++y1—a—h) VI—a/T—a(y/T—a++/1T—a)
—4 -2 -2

Tl-a@vi-a (-oil—az ({d-—ape

Note that the answers to Exercises 33— 38 are not unique.

3. By Equation 5, lim o "L _ #(x/4). where f(z) = tanz anda = /4.

z—wfe T — '.'TJJ'I-’]:

i N({2007) — N(2009 15.011 — 10,241 4770 .
44. (a) (1) [2005,2007]: ( 0 0_), 5 DE]& ) = — 5 : = {2 = 2385 locations per
- year

N(2006) — N(2005) 12,440 — 10,241

(i) [2005, 2006]: 5006 — 2005 ] = 2199 locations per year
N(2005) — N(2004) 10,241 — 8569 _
2004, 2005]: = — = 1672 locati
@ | ) ] 2005 — 2004 1 ocations per year
) . 2199 + 1672 ;
(b) Using the values from (11) and (u1), we have + = 1935. 5 locations per year.
(c) Estimating 4 as (2004, 8300) and B as (2006, 12,200), the slope at N
16,0004
2005 is 122620%0__2?;;30 = 3920 0_ 1950 locations per year. 14,0004
12,000+ B
10,000
8,000+ ) c
6,000+
0772003 2004 2005 2006 2007 1
(midyear)
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