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102. limx* = 0. Let M > 0be given. Younced N > 0such that f(x) = x* > M whenever x > N.

X—>00

¥>M=x>MP Lt N=MB Forx> N = MP x> MP = 5 i = f(x) > M.

2x

-(See Exercise 54.)
Vxt+2

104. False. Let 3, = /x + 1, then 1(0) = 1.50 ' = l/(2\/x + 1) and »/(0) = 1/2. Finally, y," — 1 and

103. False. Let f(x) =

1}

»'(0) = —%. Let p = ax® + bx + 1, then p(0) = 1.So, p' = 2ax + band P (0) = % = b=
p"(0) = —% =as= —é. Therefore,

_JE®R + (2)x + 1, x < o ~
)= %20/ =1

o W2) - @4y, x<0
PO = WevrTi), s oSO = pond
(-1/4), x<o0

" " 1
PO ) s om0

S"(x) < 0 for all real x, but S (x) increases without bound,

Section 3.6 A Summary of Curve Sketching

1. fhas constant negative slope. Matches (d 3. The slope is periodic, and zero at x = 0. Matches (a)
2. The slope of fapproaches wasx —s 07, and approaches 4. The slope is positive up to approximately
—as x —» 0*. Matches (c) * = 1.5. Matches (b)
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Section 3.6 A4 Summary of Curve Sketching 281

= undefined whenx = 2

(-2

= undefined whenx = 2

(-2

Y1y Conclusion

- — | Decreasing, concave down

-+ Decreasing, concave up

- x
e
y = 1- % =(1_x)(x§1)=0whenx=i~l.
(x* +1)2 (x* +1)
2
y' = —-21(—3———3—‘-3) = Owhen x = O,i\/g.
(x2+1)

Horizontal asymptote: y = 0

¥y ¥ | ¥y | Conclusion
-0 < X < —\/5 - - Decreasing, concave down
x=-/3 —l/;i - 0 Point of inflection
-3 <x < -1 - + Decreasing, concave up
1 . ..
x = -1 —E 0 + Relative minimum
-1<x<0 + + Increasing, concave up
=0 0 + 0 Point of inflection
<x<l1 + - Increasing, concave down
1 . .
=1 ) 0 - Relative maximum \
1<x<3 - - Decreasing, concave down
=3 ——{"i - |0 Point of inflection
\/§ <X <o - + Decreasing, concave up
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282 Chapter 3 Applications of Differentiation

2

X
7. =
Y % +3
, 6x
Y = 5 = O when x = 0.
(x2 + 3)
18(1 - x?)
Y= 5 = O when x = #].
(x2 + 3)
Horizontal asymptote: y=1
y Y | ¥ | Conclusion
-0 < x < -] - - Decreasing, concave down
x =-1 :1‘- = 0 Point of inflection
-1<x<0 - + Decreasing, concave up
x =0 0 0 + Relative minimum A
O<x<1 + + Increasing, concave up
1
x =1 ) + 0 Point of inflection
I<x<w + |- Increasing, concave down '
8. _ x+1
x2 -4
, ~10x
Y = 7= = 0 whenx = 0 and undefined when x = +2,
(-4
10(32% + 4)
"= < O when x = 0,

(-4
Intercept: (0, - 1/4)

Symmetric about y-axis
Vertical asymptotes: x = 42
Horizontal asymptote: y = |

y vy Conclusion
-0 < x< -2 + + Increasing, concave up
-2<x<0 + — | Increasing, concave down
x=0 -1 Relative maximum

- — | Decreasing, concave down

- + Decreasing, concave up

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




Section 3.6 A Summary of Curve Skeiching

3x
Yy = x2 ~1
—3():2 + l)
y = 5~ undefined when x = *1
2 ' " .
(x -1 y y Conclusion
6x(x2 + 3) - < x <~ - ~ | Decreasing, concave down

-

4 (x2 1)3 -l<x<0 - |+ Decreasing, concave up
Intercept: (0, 0) x =0 -3 0 Point of inflection
Symmetry with respect to origin 0<x <l - ~ | Decreasing, concave down
Vertical asymptotes: x = =] l<x <o - + Decreasing, concave up
Y,Horizontal asymptote: y = 0

1 1
1 1
1 1
1 i
Y L0
R
-3-2-1 123 4
1 ]
1 1
1 i
! i
' t
' ]
x -3 3
x) = =1-=
/) x X
, 3
© f'(x) = 5 undefined whenx =
x
: 6
() = -— =0
) = -5
_ Vertical asymptote: x = 0
Intercept: (3, 0)
Horizontal asymptote: y = 1
y |y 4 Conclusion

~0 < x < 0 + + Increasing, concave up

0O<x<o + — | Increasing, concave down
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284 Chapter 3 Applications of Differentiation

L f(x) = x+ 32
X
- 4)(x* + 4x + 16
S(x)=1- 6—? = (x )(x 3 x ) = 0 when x = 4 and undefined when x = 0,
x x
ey 192
f(x)‘ X

Intercept: (—ZQ/Z , 0)

Vertical asymptote: x = 0
Slant asymptote: y = x

Y|y oy Conclusion ]
-0 <x<0 + + | Increasing, concave up
0O<x<4 ~ + [ Decreasing, concave up
x =4 610 + Relative minimum
4<x<ow + + | Increasing, concave up
9x
12, xX) = =X+
76 ¥ -9 ¥ -9
x}(x? - 27
f(x) = ( 2) = O whenx = 0, +3+/3 and is undefined whenx = £3.
(+*-9)
18x(x? + 27
S(x) = ( ) = Owhenx = 0

)
Intercept: (0, 0)

Symmetry: origin
Vertical asymptotes: x = +3
Slant asymptote: y = x

y vy Conclusion
—®© < x < =33 + — | Increasing, concave down
x=-3/3 —ﬂ 0 - Relative maxithum
5 s
33 <x<-3 - — | Decreasing, concave down
“3<x<0 - + Decreasing, concave up
x=0 0 0 0 Point of inflection
0<x<3 ~ — | Decreasing, concave down
3<x<3/3 - + Decreasing, concave up
x=3/3 %5_ 0 + Relative minimum
Wi<x<o + + Increasing, concave up
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= 0 when x = 2, 6 and is undefined when x =

4.

=4
y 1y Conclusion
0 x < 2 ~ | Increasing, concave down
x =2 -2 10 - Relative maximum
2<x<4 - — | Decreasing, concave down
4<x<6 - + Decreasing, concave up
=6 6 0 + Relative minimum
6<x <o + + Increasing, concave up
r=4
i
I
I
;
A
|/', ’ 3 3 3 v
e 8 o0
(2 ~2)
1
1
~x% ~4x -7 4
X =] - —_
x+3 x+3
2
x°+6x+5 x+1)(x+5 .
= ( )( 5 ) = 0 whenx = -1, -5 and is undefined when x = -3.
(x +3) (x+3)
"o_ -8
(x + 3)3
. 7 ; ;
Intercept: (O,—g) y y' ! Conclusion
No symmetry -0 < x < -5 - Decreasing, concave up
Vertical asymptote: x = -3 x=-5 6 0| + Relative minimum
Slant asymptote: y = —x — 1 .
yinp Y -5<x<-3 + + Increasing, concave up
-3 <x< -1 + ~ | Increasing, concave down
x = -1 ~2 0 - Relative maximum
-l<x<w - — | Decreasing, concave down




. "i86"," v’Gh“abtéi‘ 3 Applications of Differentiation

‘15. y = x~/4 — x, Domain: (—co, 4]

. 8 — 3x 8
' = —=—— = Owhen x = = and undefined when x = 4.
RN e 3
" = jx—‘li/{ = Owhen x = 16 and undefined when x = 4.
44 - x) 3
16 . . .
Note: x = — is not in the domain. , B .
3 ¥y y y Conclusion
E 8 16v3 -0 < X < § + . - Increasing, concave dows
o (5254) 3
T 16
24 x = g —7—— 0 - Relative maximum
ot/ “.0 3V3
R A R g <x<4 - - Decreasing, concave down :
T x=4 0 Undefined | Undefined | Endpoint

16. h(x) = xv/9 ~ x*, Domain: -3 < x < 3

— 2 :
H(x) = \9/—9%2— =0 when x = i—\% = isf and undefined when x = #3,
H(2x? ~ 27)
B'(x) = =—— "/ = Owhenx = 0 and undefined when x = +3,
(9 - x2)3/2

Intercepts: (0, 0), (43, 0)

Symmetric with respect to the origin

y y ¥ Conclusion
X = -3 0 | Undefined | Undefined Endpoint
3
-3<x < —— - + Decreasing, concave u
2 & P
3 9 . ..
X = —— - 0 + Relative minimum
V2 2
——=<x<0 + + Increasing, concave u
\/5 Ing p
x=0 0 3 0 Point of inflection
3 ,
0<x < —= + - Increasing, concave down f 9
NG & s} (m‘ 2)
3 9 o
X = —= = 0 - Relative maximum 2
\/5 2 =30 o] G
3 <x<3 - - Decreasing, concave down R platee ‘
V2 Lag. )
x=3 0 | Undefined | Undefined Endpoint SO

© 2014 Cengage Learning, All Rights Reserved. May not be

d, copied or duplicated, or posted to a publicly accessibie website, in whole or in part.




= 3x2/3 - 2x

I

I

I

25 -2 =

2(1 - x*/3)

X

/3

0 when x = 1 and undefined when x = 0.

—3:‘%/-3- < 0 whenx = 0.
x

Section 3.6 A Summary of Curve Sketching

y iy » Conclusion
—0<x<0 - - Decreasing, concave down
x=0 0 | Undefined | Undefined | Relative minimum
0<x<l L+ - Increasing, concave down
x=1 110 - Relative maximum
I<x<w - - Decreasing, concave down

(x + 1) = 3(x + 1)

2 + 1) = 2(x + ) =

2
2+ = 1
e 1)

G+ 1)

-4/3 _ 6‘){ + 1)4/3 + 2

3+ 1)

Intercepts: (-1, 0), (i33/4 -1, 0)

2x + 1) -2

w0

a4

= 0 whenx = 0, -2 and undefined when x

¥ y Conclusion

-0 < X < -2 - Decreasing, concave up

x= -2 -2 10 Relative minimum

~2<x< -1 + Increasing, concave up

x = -1 0 Undefined Relative maximum

-l<x<0 - Decreasing, concave up

x=90 0 |0 Relative minimum
0<x<o + Increasing, concave up

o4

-1

287

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




288 Chapter 3 Applications of Differentiation

19. y=2- 5~ 43

Vo= =1-3x2

]

No critical numbers
Y' = —6x = Owhenx = 0.

Y|y ¥y Conclusion

-0 < x <0 - + Decreasing, concave up

x=0 2| - 0 Point of inflection

~ |~ | Decreasing, concave down

r y Y | ¥ | Conclusion

~0 < x < -] - + Decreasing, concave up

x = -] —% 0 + Relative minimum
“l<x<0 + |+ Increasing, concave up
x=0 —% + 0 Point of inflection
0<x<1 + |- Increasing, concave down
x =1 0 0 - Relative maximum
Il<x<w - - Decreasing, concave down
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1253 + 12x% = 12x2(x + l) = Qwhenx = 0,x = —1.
36x7 + 24x = 12x(3x + 2) = Owhenx = 0,x = -2,
y Y " | Conclusion
= + Decreasing, concave up
-1 0 + Relative minimum
+ + Increasing, concave up
—%— + 0 Point of inflection
+ - Increasing, concave down
0 0 0 Point of inflection
+ + Increasing, concave up
y vy Conclusion
3 V3
= —8x* + 6x = Owhenx = 0, +——. 3 ]
2 -0 < X < 5 + - Increasing, concave down
1
= —24x* + 6 = O whenx = +—,
2 = ~% —z— 0 - Relative maximum
Symmetry: y-axis
V3 : .
‘ Je e <x< ) - — | Decreasing, concave down
Intercepts: iT, 0 :
1 5
X =—-= =1 -210 Point of inflection
2 8
-~ <x<0 - + Decreasing, concave up
x=0 0 0 + Relative minimum
0<x< % + + Increasing, concave up
1 5 . . .
x = 3 3 2 0 Point of inflection
% <x< ? + — | Increasing, concave down
9
X = ? 3 0 - Relative maximum
~\—/2~—3— <x <o - — | Decreasing, concave down
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