Sewart Calculus 5e 053439339X;4. Applications of Differentiation; 4.4 Limits at Infinity; Horizontal Asymptotes

2. (&) The graph of afunction can intersect a vertical asymptote in the sense that it can meet but not
Crossit.
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o/ / x

—

The graph of afunction can intersect a horizontal asymptote. It can even intersect its horizontal
asymptote an infinite number of times.

(b) The graph of afunction can have 0, 1, or 2 horizontal asymptotes. Representative examples are
shown.
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No horizontal asymptote
y
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One horizontal asymptote
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2

Two horizontal asymptotes

4.
@ lim g(x)=2

X— 0

(b) [im g(X) =2

X— —00

©) lim g(X)=co

X—3

(d) lim g(x)=—o0
X—0

(e) lim g(X)=oc0
X—>72+

() Vertical: x=—2 , x=0, x=3 ; Horizontal: y=—2 , y=2

5. 1f f(x):x2/2x , then acalculator gives f(0)=0, f(1)=0.5, f(2)=1, f(3)=1.125, f(4)=1,
f(5)=0.78125, (6)=0.5625 , f(7)=0.3828125 , f(8)=0.25, f(9)=0.158203125, f(10)=0.09765625,
£(20)~0.00038147 , f(50)~2.2204< 10  , f(100)~7.8886+ 10 " .

It appears that lim (x2/2X) =0.

X— 00

13. Divide both the numerator and denominator by x3 (the highest power of x that occursin the
denominator).
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X *5X 1+E [im 1+§
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. X +5x . X . X X= 00 X

[im =lim T:“m 1 = 1

X— 00 2X —X +4 X— 00 2X —X +4 X— 00 27_+£ Ilm 27_+£
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lim 145lim =
X— 00 X—00 y B 1+5(0)

= 2 0+4(0
lim 2-lim = +4lim 13 -

X— 00 X— 00 X X— 0 X
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15. First, multiply the factors in the denominator. Then divide both the numerator and denominator by

4
u.
4
. \ 4u :5 4+§4
lim —24*S ey U u =lim U
= = N S - v
U— oo (u2,2)(2u2f1) U— oo 2u475u +2 U—-o0 2U4—5U2+2 U— oo 2_22_'_24
u4 u u
lim 4+§4 lim 4+5lim 14
o= u _ U—oo  U-oy ___4+5(0)
o s . . ~ 2-5(0)+2(0
lim 2—2 +z [im 2-5lim l+2I|m 1 (0)+2(0)
U— oo u2 u4 U— oo U— o0 u2 U— oo u4
4
_2_2
17.
& 3 lim V@3
9X X/X X—>oo . 3 6
lim =lim —— = [sincex=\x forx>0]
X0 X200 (xC+L)IX lim (1+ij3)

lim 1/91/)(5 \/Ilm 9-lim (1/x5)

X— 00 X— 00 X— 00

I|m 1+lim (1/x3)

X— 00 X— 00

=/9-0=3




Sewart Calculus 5e 053439339X;4. Applications of Differentiation; 4.4 Limits at Infinity; Horizontal Asymptotes

21.

o7 (Volex ax) (Yolexsa . (Yolex) (3]

Iim( 9x+x3x) =lim XXX XXX i X %) ~(3x)

X X 00 \/ OX X +3X X— o0 \f OX+X +3X
) ( 9x2+x! —9x2 i X 1/x

=lim =lim ——

" 1Ux
X0 \/ OXAx 43K X% \/ OX+X +3X

. X/X . 1 1 1 1
=lim — =lim Y] +3: 9+3: 336
X= o0 \/ OX /X +xIX” +3x/x 1T X
31.
x+x3+x5 (x+x3+x5)/x4
lim — =lim *———— [divide by the highest power of x in the denominator]
X=00 1-X +X X=>00 (1-X +X )/X
Ux+Uxx 3

:||m —2 -0
X—>o0 1/x -1/x +1

because (1/X +1/x+X)— 0o and (1/X —1/X +1)— 1 85 X— 00 .

. . 0 : .
45. lim X - lim Lx > = 120 =0, so y=0is ahorizontal asymptote.

X—>Foo ¥ +] X—> oo 1+1/x
2 2
/X +1-x(2x) _  1-X

()" ()

and decreasing on (o0 ,-1) and (1,00).

/ . .
> =0whenx=+landy >0 x'<1e-1<x<1 , 0 yisincreasing on (-1,1)

y/ I_ (1+x2) 2(2x)(1x22 2(x2+1) 2X _ 2x(x233) >O<:>x>\[§ or —\[§<x<0 0y isCU on
(1+x2) 81+x2)

(Y3.,00) and (—3,0) and CD on (00, +3) and (043).
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51. First we plot the points which are known to be on the graph: (2,-1) and (0,0). We can also draw a
short line segment of slope 0 at x=2 , since we are given that f /(2):O. Now we know that f /(x)<0

(that is, the function is decreasing) on (0,2) , and that f / /(x)<0 on (0,1) and f / /(x)>0 on (1,2). So
we must join the points (0,0) and (2,-1) in

(=2,-1) (2,-1)

such away that the curve is concave down on (0,1) and concave up on (1,2). The curve must be
concave up and increasing on (2,4) and concave down and increasing toward y=1 on (4,00 ). Now we
just need to reflect the curve in the y —axis, since we are given that f is an even function [the
conditionthat f(- x) = f(x) foral x ].




