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X

B f(x) = x sm(l)

169+ o) L)
Ll bof) o
1

Point of inflection: (l, OJ
i T

When x > Yz, " < 0, so the graph is concave downward,

1

e

’ﬂ
. \ -‘v“/ 1
e
T

)

4. f(x) = x(x - 6)2 =x —12x? + 36x
S'(%) = 3x2 = 24x 4 36 = 3(x - 2)(x - 6) =0
S'(x) = 6x - 24 = 6(x-4) =0
Relative extrema: (2,32) and (6,0)

Point of inflection (4,16) is midway between the relative extrema of f;

75. True. Let y = ax® + bx? + cx + d,a # 0. Then
Y" = 6ax + 2b = Owhen x = ~(b/3a), and the
concavity changes at this point,

76. False. f(x) = 1/x hasa discontinuity at x = ¢,

77. False. Concavity is determined by f”.For example, let
f(x) = xand ¢ = 2. 7(e) = /'(2) > 0, butsis not
concave upward at ¢ = 2,

78. False. For example, let f(x) = (x - 2)*%,
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2x?
x? 4+ 2

L f(x) =

No vertical asymptotes
Horizontal asymptote: y = 2
Matches (f).

© 2014 Cengage Leamning, All Rights Reserved. May not be scanned, copied-or duplicated, or posted to a publicly accessible website, in whole or in part.

i) s
x .

79. fand g are concave upward on (g, b) implies that S/ an
&' are increasing on (g, b)and /" > 0and g" 5 ¢
So, (f + g)” >0 = f+ gisconcave upward on

(a, b) by Theorem 3.7,

80. £, g are positive, increasing, and concave upward on
(a,8) = fi = >07r '(x) 2 0and £ "(x) > 0,and -
g(x) > o, g'(x) = 0and £"(x) > 0on (a, b).For
x € (a, b), N

(%) () = r a() + (') }
(%) (x) = /"(x)g(x) + 21 )e'(x) + 7(x)g"(x) > 0

So, /g is concave upward on (a, ).

2x
x2+2

2. f(x) =

No vertical asymptotes
Horizontal asymptotes: y = +2
Matches (c).
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x 4 sin x
= ———— 5. X} = ———
f'x)—x2+2 /) x4+ 1
No vertical asymptotes
Horizontal asymptote: y = 0

(1) < 1 ‘ 1) > 1
fatches (d)- Matches (b).
2
s X 2
(x) =72+;‘_4._+_.1- 6. f(x) = 2x" = 3x+ 5

x4 1
No vertical asymptotes

Horizontal asymptote: y = 2

fatches (2). Matches (e).
4x + 3
0 =5y
: 10° | 10t | 10* | 10° 10° 10° | 10°
Fxy 7 2.26 | 2.025 | 2.0025 | 2.0003 | 2 2
lim f(x) = 2
X —»00
10
2
 ————— 9 M
ok 10
- 10
2x%
f(x) B x+1
10° | 10! 10? 10° 10* 10° 108

Sxy |1 18.18 | 198.02 | 1998.02 | 19,998 | 199,998 | 1,999,998

lim f(x) = oo (Limit does not exist)
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266 Chapter 3 Applications of Differentiation

—6x
4x% + 5

9. f(x) =

x 100’10‘ 10? 10° [ 10° | 105 | 106
fo) |2 | -298 [ 29008 | 3 | 5 |3 3

x 10° | 10 10? 10° 10* 10° 10°
Sx) | 10.0 | 0.7089 | 0.0707 | 0.0071 0.0007 | 0.00007 | 0.000007

) =0
10
-9 9
-2
1. f(x)=5- !
, 241
x 10° | 10' | 102 10° 10 | 105 | 108
SO) [ 45 | 499 | 4.9999 | 4.999999 | 5 5 5
lim f(x) = 5
6 “.
]
I~
-1 8
4] .
12, f(x) = 4+ =3
x2 +2
—

x 10° | 100 | 102 10° [ 10* | 10° | 108
So) |5 4.03 | 40003 | 40 |40 4 4

lim f(x) = 4

X—>0
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(Limit does not exist)
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f(x) _ 5x* =357 + 10x 10 52
) = = =5y -3+ — 18. (a) lim =
: h(x) x? x? 8 x @) e dx 1 1
fim h(x) = e (Limit does not exist) sy s
Ko (b) lim 4—3—/2—°~—] = Z
X—o "
oo f(5) _ 5% =3 w0x 310 ¥ /+
Ch(x) = = =0 - -+ = 32
x % x X (c) lim L S (Limit does not exist)
lim h(x) = 5 xox 4\/; + 1 ’
X
h(x) = fl3) sxX-3eiox 5310 19. limL4+iJ =4+0=4
x* x4 x X2 3 e X
lim A(x) = 0 S
- 20. lim [— - %] = (Limit does not exist)
x>~ x
—4x? -
‘h(x)=f(x)= Xt 5=—4.x+2—i ,
x * At g 2ol 2% _2-0_ 2
Tim h(x) = —o  (Limit does not exist) H N e . ) 3+0 3
S ax?12x-5 2 s
= LD s, 28 wres 4 (59)
X * xooxt 22. lim ——— = lm ———+ =14
lim h(x) = -4 x> x2 43 woew | 4 (3/x2)
X=>00
— 2 —
h(x) = f(f) s +32x S, —53 23. lim 2x D= lim ———————léj 2) ? w0
X X X x> x° — =] 1/ x
lim h(x) = 0
3 3
) 24. lim 35x +21 = lim S+1x 3
lim x“ 4+ 2 -0 y—»x [0x° — 3x° + 7 x—x 10—3/x+7/x
o0 0 - _5+0 1
.ox2+2 10-0 2
hm - =1
x=so x° — ] )
x2+2 25, lim % - lim —%
lim S-1°° (Limit does not exist) > x 43 xomx ]+ (3x)
X—>00 x —_—
3 2y Limit does not exist.
xow 300 1 a2
3.9 2 26. lim f;*_ﬁz lim M:—w
lim ?:—1{ =3 xo-e xt 4] xoew |y (l/xz)
X—x© x —
3 _ 252 Limit does not exist. -
lim X - (Limit does not exist)
som 3x — | _ B
27. .hm =
5~ 2572 TN - x
lim Py . 1 .
X—>00 x —_— = lm
X ~>~0 / 2
5 — 2x32 NX — X
i = = 2
v i N
5 - 252 -1

= lim —————
== ] (l/x)

= -1, (forx < O wehaves = - \/‘Xz)

'
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: 268 Chapter 3 Applications of Differentiation

i BT . 2/3 : %
7 28 x]—1>r.l-1w x2 +1 33. lim zx i 11/3 = lim zx z ]1/3( l/xz 73
g X0 xX—>o
. T e )
%% o X—>=00 X2 + 1 - tim x]/3 + 1/x2/3
i ) \/—2» = ———
E’é -V X

el (VA

? ‘ = lim —_!

Limit does not exist.
o U+ (Y5
; . 2x . 2x (]/ xz)
i ' = -], (forx < 0 we have x = —~\/x2) 34. lim = lim YPRPNTOY
0 ‘ x>0 (xs _ 1)1/3 r——0 (x6 _ 1)]/3 (] (x6)1/3) ‘
. : 29. lim 2xz+1 = lim Yx 5=
X—>-m - X0 6
b x* - x (1-y= )
g 1
é! 2 + ;
= lim ———nX__ .
i x>0 35. lim =
% - x - x x>© 2% + sin x
e -V x?
: " 9 _ (l) 36. lim cos(—l-) =cos0 = 1
X—oo x
: = lim ’l‘
X ~>—00
-~ 37. Because (~1/x) < (sin 2x)/x < (I/x forall x = 0,y
x y
have by the Squeeze Theorem,
é = -2, (forx <0,x= —\/.xz) 3; 9 - 1
% : lim ~~ < fim 202% ¢ L
52 ) X x x> x x—0 x
x° + .

: 30. lim . sin 2x
- i X /x2+3 . OSJETS .
i . 5x2 + 2
i = lim

‘ . 8in2y
e 1+ (3/ xz) Therefore, lim - 0.

5x% + (2/x)

= lim im X cosx _cosx
2o i+ 3 B 32*;(1 p )
= =1-0=1
Limit does not exist. Note:
oA -] . oAfxr / Vax? lim <5 _ 0 by the Squeeze Theorem because
31 lim ——— = iy MF T/ VX row  x
o 2y — ] e D -y

__l_scosxS . )
: NS X
bl =

. x
.

¥ow 2 1/x 2

M | =

e
39. f(x) = l
i | . xt -1 . \/x“—ll/(_“xs) * o
b 32, lim = lim —t ] ,
o ] x>0 x3 1 | 1/x3 lim =1
; x>0 x 4 ]
. \/>1/x2 -1/ lim 2] = -
= lm =72 _ ¢ 2w x4+ ]
o ] 4+ 1/x3 .
Therefore, y = 1and y = —l are both horizontal
(forx < 0, wehave —~/x® = x3) asymptotes.

f\
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9x? -2
2x + 1

2. f(x) =

y = % is a horizontal asymptote (to the right).

y = —% is a horizontal asymptote (to the left).

0

43. lim xsin+ = lim 3P -y
X=>o X -0t
(Let x = 1/t.)
44, lim xtan+ = fim 220 o pip S22 ]
x—0o0 X x=0* I x—0" t cost
=) =1
(Let x = 1/1.)

hm

X—>—0

(x+ Vo4 3) = tim [(x + +3)-§—:——\/—~__—— “;‘:i = lm — =0

lim(x—'\/x2 +x)= lim (x.—\/)c2 +x)4x+ x4 x = lim X !

- 1
—— = lim = ——
x>0 x—® x + [x2 +x X0 gy xZ + x x—® | +\/1 + (l/x) 2

2
lim (3x + /057 = x) = Jim | (3x + ox? - 5) . 2V ¥
X—>—0 >0 3r 9x2_x

X
= lim —————————
¥ 3y J9x% - x

= lim

\/917._ (forx < Oyouhavex = —\/xz)
X—-0 2 — x
T

= lim ! 1 )

x—»—m3+—9—_\/—=(——rx—)_ = 6
4x + J16x2 - x I 16x? - (163‘2 - x)

48, 1im(4x — 1622 = x)——————————- =

Edd 4x + V16x* — x v 4x + \/(16):2 - x)

X

= lim ———
¥=© 4y + 1632 — x

li !

m ———
=4 4 [16 - 1/x
1
4+ 4

1]

0 | =~
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x '100 ’ 10!

10 10

10*

10°

108 ﬁ,

o |1 | 0513 | 0501

0.500

0.500

0.500

0.500 I

(s - 56=T)

= lim

X - \/xz
1

- X

X+ Vx? - J&

A

X—o

X

+x? &

= lim

X—00

5 =

X + X

10°

102 | 103

10

10°

108

1.0

50.1 | 500.1

5000.1

50,000.1

500,000.1

xz—x\/xz—-x_x2+x\/x2—x N

1

Limit does not exist.

30

10!

102

0.500

0.500

— lim
>0t

—

sin(s/2)
— =

f—>0+2

tim L Sin(4/2) _ 1

t/2

2

, copied or duplicated,

, Or posted to a publicly accessible website,

m —

=els Sl 2

I

, in whole or in part,




x)>0f0rx>2.

n f(x) = lim /(x) = 6

) R —6 +
%ou—#+16
6]x - 2|

INCE T

It
(9.3

(b) The function is odd: lim f(x) = =5

() lim f(x) =3 lim f'(x) =0
X—>»c0 X—>00
(c) Because lim f(x) = 3, the graph approaches that
x—»e0

of a horizontal line, lim f'(x) = 0.

X—>00
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X

59.y=l_x

Intercept: (0, 0)
Symmetry: rione
Horizontal asymptote: v = -1

Vertical asymptote. x = |

v

—- s

Intercepts: (0, 4/3), (4, 0)
Symmetry: none
Horizontal asymptote: y = 1

Vertical asymptote: x = 3

[
Py
v
X}

61, p ~ ———

Intercepts: (0, ~1/4), (1, 0)
Symmetry: none

Horizontal asymptote: y = 0
Vertical asymptotes: x = 12

v

44
34
24

T L o e e m
wd
=
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272 Chapter 3 dpplications of Differentiation

2x
62. y =
Y 9 — x?
Intercept: (0, 0)
Symmetry: origin
Horizontal asymptote: y = ()

Vertical asymptotes: x = +3

Intercept: (0, 0)

Symmetry: y-axis

Horizontal asymptote: y = |
, 32x

@ e)

Relative minimum: (0,0)

2x? )
x2 -4
Intercept: (0, 0)

64. y =

Symmetry: y-axis
Horizontal asymptote: y =

2
Vertical asymptotes: x = +2
, 4x

y == 3
(* - 4)
) 16(x2 + 4)
(-
Y'=(0)<0

Relative maximum:

i
]
¥
[}

B RN

=9
Domain: x > 0
Intercepts: none
Symmetry: x-axis

3
s
YEE
Horizontal asymptote: y =
=0

66. x2y =9 = ,

Intercepts: none
Symmetry: y-axis
Horizontal asymptote: y =

Vertical asymptote: x = 0

67. y =
x -1

Intercept: (0, 0)
Symmetry: none
Horizontal asymptote: y=3

Vertical asymptote: x = |

, copied or duplicated, or posted to a publicly accessible website

, in whole or in part,




Horizontal asymptote: y = 0

Tertical asymptotes: x = *1

¥

30 2x2 -3
y=2-g =g

3
_Intercepts: | + 5,0

Symmetry: y-axis
Horizontal asymptote: y = 2

x -1

y=1—l=
X X

Intercept: (1, 0)
Symmetry: none
Horizontal asymptote: y = 1

Vertical asymptote: x = 0

Section 3.5 Limits at Infinity 273

1. y = 3+2-
x
Intercept:
y=0=3+z:>g=—3:>x=—z;(——2—,0)
X X 3 3

Symmetry: none
Horizontal asymptote: y = 3

Vertical asymptote: x = 0

4
xZ xZ

. y=

Intercept: none
Symmetry: none
Horizontal asymptote: y = 1

Vertical asymptote: x = 0

3.y = —
x2 -

Domain: (-, -2), (2, %)

Intercepts: none

Symmetry: origin

Horizontal asymptote: none

Vertical asymptotes: x = +2 (discontinuities)
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274 Chapter 3 Applications of Differentiation

75 f(x) =9 - —52—

74, y =
x

Domain: (~c, -2), (2, o) Domain: all x » 0

10 .
Intercepts: none S(x) = — = No relative extrema
x

Symmetry: origin

Horizontal asymptotes: y = +1 because S"(x) = —3—40 = No points of inflection
x

lim - =1, lim = = -1, Vertical asymptote: x = 0
X—00 - X300 -
x -4 -4 Horizontal asymptote: y=9
Vertical asymptotes: x = +2 (discontinuities) .
»=9
3 /
ﬁjr_ © i ¢
P00 S e e o S S Y -2
EEERE R
v ::1; :
B
1 1
76. = =
/) ¥ —x=2 (x+1)(x—2)
S(x) = &—l)—? = O when x = 4,
(xz -Xx - 2) 2
oy (= =2 (2) + (2 - DA - 5 - 2)x 1) 6(x - x4 1)
/) = el -1
(x -x - 2) : (x2 - - 2)

Because f "G) <0, G—, -g) is a relative maximum.

Because f(x) # 0, and it is undefined in the domain of f; there are no points of inflection.
Vertical asymptotes: x = -1, x = 2 ‘

Horizontal asymptote; y=0

-2
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x-2 x =2
O = T s T o -9
(x3—4x+3)—(x—-2)(2x—4) x4 4x — 5

if - = 0
) (x2 —4x + 3)2 (x2 — 4x + 3)2 -

(= 4x + 3) (=22 + 4) - (=® + 4x - S)2)(x? -~ 4x + 3)(2x - 4)

: ‘__k: i
~—
|

(x2 - 4x + 3)4
2(x* - 62> +15x — 1) 2(x - 2)(x® - 4x + 7 '
) (x X x3 )= (x )(x X1 )=0whenx=2.
(x> - 4x + 3) (3 - ax+ 3)
Because /"(x). > Oon (1, 2) and f"(x) < 0on (2,3), then (2, 0) s a point of inflection

Vertical asymptotes: x = L, x = 3

Horizontal asymptote: y = 0

=l
N
e N\ =0
N\ izl
“2
: x+1 3x
: = Xr 79. = X
8 J() = = 9. f(x) —_
-x(x + 2
r(x) = _—2'{(—)(_—)2 = Owhenx = 0,-2. f(x) = —‘i_s/z” = No relative extrema
(x +x+l)- (4x2+1)

3 a2 e
(o) = Z(x F3x 31) -0 Sx) = ——7—3—@—572— = 0 when x = 0.
(x2 + X+ I) (4x‘ + 1)
when x ~ 0.5321, -0.6527, -2.8794. Point of inflection: (0, 0)

7(0) <0

Therefore, (0, l) is a relative maximum.
/"(=2)>0

Therefore,

)

is & relative minimum. -2

Horizontal asymptotes:. y = +

N[

No vertical asymptotes

Points of inflection:
(0.5321, 0.8440), (—0.6527, 0.4491) and

(—2.8794, -0.293 1)
Horizontal asymptote: y = 0

{(~0.6527, 0.4491)
\ 2 (0.5321, 0.8440)

\ -2
1-2.8794. --0.2931;
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276 Chapter 3 Applications of Differentiation

80. g(x) = 2x

V3x2 +1
2
(3)62 + 1)3/2
—18x
(2 + )"

No relative extrema. Point of inflection: (0, 0).

g'(x) =

g"(x) =

Horizontal asymptotes: y =4z

s

No vertical asymptotes

X ),3<x<oo
-2

R c=r)

(-2

Horizontal asymptote: y = sin(1)

Relative maximum:

X V4 27
=——Q.x=
x -2 2 :

T -2

No vertical asymptotes

( 2 )
i
1.2 z~2

827 I (x) = 2 81: 2x; Hole at (0, 4)

f’(x) - 4x cos 2x — 2 sin 2x

x2

There are an infinite number of relative extrema, In the
interval (-27, 27), you obtain the following.

Relative minima: (x2.25, -0.869), (+5.45, -0.365)
Relative maxima: (+3.87, 0.5 13)

Horizontal asymptote: y=0

No vertical asymptotes

i
iy
i)

e )]
{ /‘—I
/ \//(3.87, 4.513)
14 S .

v 3

1

54540368 [ =2\ (545 0368
(2.25. —(.869)
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3 _ 2

_ xz(x - 3) 2

T -3) Txx o3
=x+ﬁ=g(x)

(© 2

80

X3 -2x2 42 1 1
84. f(x) = —T, g(x) = —EX +1 - 'x—z

(a) F\TJ\ m_..___,

| 3 2x? 2
(b) f(x)=_i‘_2;‘2“+

2 X
N
-80 t.*:q\.\\"‘% 80
. "'“m.\_k

The graph appears as the slant asymptote

——lx+1
Y ) .

85. lim 1001 - _
v [vp >0 (vl /vz)

= 100[1 - 0] = 100%

in whole or in part,




¥3
o
=
-
|
o

hm T = 1700°

-This is the temperature of the room.

_100¢
T 65+ 12

@
&

~(b) Yes. lim § = % = 100
t—®

90. (a) Ti(f) = —0.0037 + 0.68¢ + 26.6

Y

136

1451 + 86¢
58 + ¢

(d) T,(O) ~ 26.6°

TZ(O) ~ 25.0°

© tmT, = 28 - g6
! - I

7‘2=

~(f) No. The limiting temperature is 86°.

T} has no horizontal asymptote.

(¢): No. y = 72 is the horizontal asymptote.

Section 3.5 Limits at Infinity 277

2x?
91. f(x) = ——
f() xt+2
(@) limf(x) =

2xf

b) f(x)+e=—-""—t+g=2
() f(x) )

2% + ext + 28 = 2xF + 4

xie =4 - 2¢

/4—25
X|= E——
£

= —x; by symmetry

(c) Let M = ,f >OForx>M

4 - 2g
£

X >

x’e > 4 - 2¢

2x* + X% + 26 > 2350 + 4

2
—22%-—2+a>2

x

2x?

x—2+—2-—2 >'~8|=€
If(x)—Ll>g

(d) Similarly, N = — /4—'—25.
&

o f(l)_\/—}?—_ﬁ

@ limf(x)=6=1L

hm f(x) = -6 =K
® flx)+e= +e=6
X +2

6x = (6 - sl /i + 2

36x7 = (xf + 2)(6 - &)’
36x% — (6 = &)’xt = 2(6 - &)’
x7[36 - 36 + 126 - £7] = 2(6 - &)’
,  2(6- 8)2

Xy =

X =

X; = —x; by symmetry

© M=

(G -

126‘—8

@ N=x=(¢-6)|—0r 125—8
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