Copyright © 2013, Cengage Learning. All rights reserved.

SECTION 4.3 DERIVATIVES AND THE SHAPES OF GRAPHS = |

4.3 | DERIVATIVES AND THE SHAPES OF GRAPHS

N Click here for answers. I Click here for solutions.
1-16 = 27-30 = Sketch the graph of a function that satisfies all of the
(a) Find the intervals on which f is increasing or decreasing. given conditions.

(b) Find the local maximum and minimum values of f. 2.~ =f(1) =0, fx)<0if|x| <1,

I. f(x) =20 — x — x? 2. f)=x*—x+1 flx) > 0if | x| >1, f(—=1)=4, f(1)=0,
3. fl)y=x+x+1 4, f(x) =x>—2x*+x [0 <0ifx <0, f'x)>0ifx>0
5. f(x) = 2x2 — x* 6. f(x) = x2(1 — x)? 28. f'(—1) =0, f'(1) does not exist,
o) <0if x| <1, f'(x)>0if|x|>1,

7. f(x) = x%(x — 4)* 8. f(x) =3x° — 25x° + 60x f(=D) =4, f()=0, f'(x)<0ifx#1
9. f(x) =xv6 —x 10. f(x) = xy1 —x? 29. f'2) =0, f(2)=-1, f(0) =0,

— /5 230, )2 flx) <0if0<x<2, fllx)>0ifx>2,
N f@) =" +1) 12. f&) =x"x = 2) F'(x) <0if0<x<lorifx>4,
13. f(x) = xy/x — x2 14. f(x) = Jx — Ix? f'(x) >0if 1 <x <4, lim,—.f(x)=1,

I5. f(x) = sin*x + cos’x, O0<x<2mw f(=x) = f(x) for all x
16. f(x) =xsinx +cosx, —wT<x<on 30. lim, 3 f(x) = =%, f"(x) <O0ifx+#3, f(0)=0,
flx)>0ifx<Oorx>3, fl(x)<0if0<x<3

17-19 = Find the intervals on which the function is increasing or
decreasing. 31-35 =
5 ) 5 5 (a) Find the intervals of increase or decrease.
17. fO) =2 + 22" —x+1 18 f() =2"+4x" — 6 (b) Find the local maximum and minimum values.
19. f(x) = 2tanx — tan’x (c) Find the intervals of concavity and the inflection points.
(d) Use the information from parts (a), (b), and (c) to sketch

- - - " - - : - - - : the graph. Check your work with a graphing device if you
20-23 = Find the intervals on which the curve is concave upward. have one.
x2 3. P(x) = xJ/x2+ 1 32. O(x) =x — 3x'3
20. y = 6x% — 2x° — x* 2l. y=
V1+x 33. O(x) = x'3(x + 3)*° 34. f(x) =1In(1 + x?)
3
X 22
2. y=—— 23. y = 35. f(0) =sin’h, 0<6<2m
Y (1 + x)? YT T3
L] n L] L} L] n n n L] n n
n n n L} n n n L} u n n
7
11 36-37
24-26 = - ;

(a) Use a graph of f to give a rough estimate of the intervals of
concavity and the coordinates of the points of inflection.
(b) Use a graph of f” to give better estimates.

36. f(x) = 3x°> — 40x°® + 30x?

(a) Find the intervals on which f is increasing or decreasing.
(b) Find the local maximum and minimum values of f.
(c) Find the intervals of concavity and the inflection points.

X

= 6 —_—,—
24. f(x) =x°+ 192x + 17 25. f(x) a+ x)z 37. f(x) =2cosx + sin2x, 0<ux<2m

26. f(x) = 2sinx + sin*x, 0<x<27w " " " " " " " " " " "
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2 = SECTION 4.3 DERIVATIVES AND THE SHAPES OF GRAPHS

4.3 | ANSWERS

I Clich here for exercises.

. (a) Inc. on (—oo

. (a) Inc. on (—oo,—\/g), (%,oo),deo on (_\/g: \/§)
)

. (a) Inc. on (—oo

. (a) Inc. on (—oo

. (a) Inc. on (—oo

. (a) Inc. on (0, ), (2,

. (a) Inc. on (—o0

2
(b) Loc. max. f (—3) =20.25

(b) Loc. max. f(

() -1- s

. (a) Inc. on R

(b) None

,5). (1,00), dec. on (5,1)
(b) Loc. max. f (3) = 4, loc. min. f (1) =0
,—1), (0,1); dec. on (—1,0), (1, c0)

(b) Loc. max. f(—1) =1, f (1) = 1; loc. min. f(0) =0

. (a) Inc. on (0, 1), (1, 00); dec. on (—c0,0), (5,1)
(b) Loc. max (%) - loc. min. f(0) =0, f(1) =0
. (a) Inc. on (—o0, £2), (4, c0); dec. on (12, 4)
(b) Loc. max. f (%) =12° -4 77 ~ 137.5, loc. min.
F(4) =0
. (a) Inc. on (—o0, —2), (=1, 1), (2, 0); dec. on (-2, 1),
(1,2)
(b) Loc. max. f(—2) = —16, f (1) = 38; loc. min.
F(-1) =38, £ (2) = 16

) dec. on (4, 6)

(b) Loc. max. f(4) = =42

. (a) Inc. on (—3,00), dec. on (—oco, —¢)
(b) Loc. min. f (—%) = —zom = —0.58

00); dec. on (—00,0), (3,2)

(b) Loc. max. f (%) = (%)4/3 ~ 1.42; loc. min. f (0)
r@=0

. (a) Inc. on (0, 2), dec. on (2,1)

(b) Loc. max. f (2 3\/3

;00)

) =
%),dec on (3
(b) Loc. max. f (§) =

=0

B Click here for solufions.

16.

17.

18.
19.

20.

21.
22

23.

24,

25.

26.

27.

28.

(a) Inc. on (—7

(b) Loc. max. f(—%) = f(5) = %.loc. min. f(0) =1

Inc. on (—oo, ’Q’ﬁ), %ﬁ,oo); dec. on

(=557, 25)

Inc. on R

Inc. on (nm — &, nm + ), dec. on (nm+ X, nw + %), n

2 )
an integer

(=% =)

(=1, 00)

(2,00)

(=V3,0). (V3,00)
(a) Inc. on (—2, 00), dec. on (—oo, —2)
(b) Loc. min. f(—2) = —303
(c)CUonR

(a) Inc. on (—1,1); dec. on (—
(b) Loc. max. f (1) =+

(¢) CUon (2,00); CDon (—

00, —1), (1, 00)

00, —1), (-1,2),IP (2, 2)
(a) Inc. on (0,%), (2£,27); dec. on (5, 2£)
(5) — 3 loc.min. 7 (%) - -1
) 5

(b) Loc. max. f
). (5,2m); CDon (

(¢) CU on (0,
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29.

30.

3.

32.

33.

(a) Inc. on R
(b) None
(¢) CUon (0, 00), CD on (—oo,

(d) Y

0).1P (0,0)

(a) Inc. on (—oo, —1), (1, 00); dec. on (—1,1)

(b) Loc. max. @ (—1) =2, loc. min. Q (1) = —2

(¢) CUon (0, 00), CD on (—oo,

() (-L2)

)

0).1P (0,0)

v

7

1,-2)

(a) Inc. on (—oo, —3), (—1, 00); dec. on (—3,—1)

(b) Loc. max. @ (—3) =0, loc.
Q(-1)=-4"*~-186

min.

(¢) CU on (—o0, —3), (—3,0); CD on (0, c0); IP (0, 0)

@ '

SECTION 4.3 DERIVATIVES AND THE SHAPES OF GRAPHS = 3

34. (a) Inc. on (0, 00), dec. on (—o0, 0)
(b) Loc. min. f(0) =0
(¢)CUon (—1,1);CD on (—o0, —1), (1,00); IP (£1,1n2)
(d) Y

,‘1 0 1 X

36. (b) CU on (—2.1,0.25), (1.9, c0); CD on (—oo0, —2.1),
(0.25,1.9), 1P (—2.1, 386), (0.25,1.3), (1.9, —87)

37. (b) CU on (1.57,3.39), (4.71,6.03); CD on (0, 1.57),
(3.39,4.71), (6.03,27); IP (1.57,0), (3.39, —1.45),
(4.71,0), (6.03, 1.45)
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SECTION 4.3 DERIVATIVES AND THE SHAPES OF GRAPHS

4.3 | SOLUTIONS

A Click here for exercises.

Lfx)=20—2z—2° f(z) =—-1-22=0 =
x = —+ (the only critical number)

@f(z)>0 & -1-22>0 & z<-—3,
/() <0 & x> —%, so fisincreasing on

(—oc0, —3) and decreasing on (—3, c0).

(b) By the First Derivative Test, f (—3) = 20.25 is a local

maximum.

2 f(x)=2*—z+1 f(r)=32"-1=0 = x::l:%

(the only critical numbers)

@@ f'(x)>0 & 32°>1 & [z/>1 &
x<—%orz>%andf’(x)<0 =
——5 < < 5. So [ is increasing on

1

(—oo, —%) and (W’OO) and decreasing on

.
i V3)

(b) By the First Derivative Test, f (—%) =1+ 3_35 isa
local maximum and f (%) =1- %ﬁ is a local
minimum.

. f(@)=2+tz+1 = f'(x) =322+ 1>O0forall

xr € R

(a) f is increasing on R.
(b) f has no local maximum or minimum.

4 f(z) =2* —22° + =

f'(x) =32® —4x 4+ 1 = (3x — 1) (z — 1). So the critical

numbers are z = 3, 1.

@ f'(x)>0 & (Bz—1)(z—1)>0 & z<zior
z>1land f'(z) <0 & 1 <x<1Sofis
increasing on (—oo, 3 ) and (1, 00) and f is decreasing
on (3,1).

(b) The local maximum is f (3) = 35 and the local

minimum is f (1) = 0.

5. f (z) = 227 — 2t
J'(2) =4z — 42® = 4z (1 — 2°) =4z (1 + ) (1 — z), 50
the critical numbers are x = 0, £1.

(a)
Interval dz | 1+z | 1—z | f'(x)
r< -1 - - + +
-l<z<0| — + + -
0<z<l1 + + + +
r>1 + + - -

So f is increasing on (—oo, —1), decreasing on (—1,0),
increasing on (0, 1), and decreasing on (1, co).

(b) Local maximum f (—1) = 1, local minimum f (0) = 0,
local maximum f (1) = 1.

6. f(x) =21 —2)

0=/ (&) =2x(1-2)" +2"[2(1 - 2) (1)
=2z(l—2)(1-22)

So the critical numbers are z = 0, % 1.

(a)
Interval 2¢ | 11—z | 1 -2z | f'(x)
<0 — + + -
O<z<jz |+ | + + +
<<t | + | + - -
rz>1 + - - +

So f is decreasing on (—o0,0), increasing on (0, 5 ),
decreasing on (3, 1), and increasing on (1, c0).

(b) Local minimum f (0) = 0, local maximum f ($) = 1g.

local minimum f (1) = 0.

1 f(x) =2 (x—4)"

fH(@) =327 (= 4"+ 2° [4 (2 — 4)°]
= 2% (x —4)® (Tz — 12)
The critical numbers are z = 0, 4, 42
(@a*(x—4)?>0s0 f' () >0 <
(z—4)(Tz—-12) >0 & z<Lorz>4
J'(z) <0 & 22 <z <4 So fisincreasing on

(=00, £2) and (4, c0) and decreasing on (4, 4).

(b) Local maximum f (1) = 12° - 17‘;74 ~ 137.5, local

minimum f (4) = 0.
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10.

f (%) = 32° — 252 + 60z

I (x) = 152" — 752% + 60

=15 (2" — 52® +4) = 15 (2 — 1) (2 - 1)
=15(z—-2)(z+2)(x+1)(z—1)

So the critical numbers are x = +2, +1.

@ Interval |z +2(z—2|z+1|z—1|f (z)
T < -2 - - - - +
—2<r< -1 + - - - -
“l<z<l| + | = | + | = | +
1<z <2 + - + + -

z>2 R

So f is increasing on (—oco, —2), decreasing on
(—2, —1), increasing on (—1,2), decreasing on (1,2),
and increasing on (2, 00).

(b) Local maximum f (—2) = —16, local minimum
f(=1) = —38, local maximum f (1) = 38, local
minimum f (2) = 16.

. f(z) = 26 — .

f'/(x):\/fi——erx(—

numbers are x = 4, 6.

1 34—x) . ..
= . Critical
2\/6—x) 26 — x HHe

@ f(r)>0 & 4—z>0(adz<6) & x<4
and f' (z) <0 & 4—z<0(andz<6) <
4 <z < 6. So f is increasing on (—oo, 4) and
decreasing on (4, 6).

(b) Local maximum f (4) = 4+/2

f(z) = zv/1— 22,

2 2
" Y el x _ 1—2x
Jl@)=vl-2 Vi—z22 122

1
numbers are iﬁ and +1.

. Critical

. 2 2

@f'(2)>0 & 1-22">0 & 2’<;i &
7l <5 & —F<a< f(2)<0 &
-1<x< —% or% < x < 1. So f is increasing on

(—%, %) and decreasing on (—1, —%) and

(%1)

(b) Local minimum f (—%) = —1, local maximum
/()=

SECTION 4.3 DERIVATIVES AND THE SHAPES OF GRAPHS =

. f(z) = 2% (= +1).
f/ (x) _ %,%74/5 ($+ 1) + $1/5
critical numbers are z = 0, —%.

@f (x)>0 & 6z+1>0(@£0) & z>-1
(x#0)and f'(z) <0 < x<—1.S0fis

increasing on (—¢ 1

(b) Local minimum f (—¢) = —ga75 ~ —0.58

12. f(2) = 2*? (z — 2)>. Domain is R.
f(@) =327 (@ = 2)" + P2 (2 - 2)]
— §x71/3 (x —2)(4x —2)

Critical numbers are z = 0, 1, 2.

= 22745 (6x + 1). The

,00) and decreasing on (—oo0, —%).

® Interval |z Y3 | 2—-2 | 2c—1| f'(x)
z <0 - - - -
O<z<g | + - - +
1<z<2 + - + -

x> 2 + + + +

So [ is decreasing on (—oo, 0), increasing on (0, 3 ),

decreasing on (3,2), and increasing on (2, co).

(b) Local minimum f (0) = 0, local maximum

r(3) = (%)4/3 ~ 1.42, local minimum f (2) = 0.

13. f(z) = /& — z2. The domain of
fis{x|z(1—-2z)>0}=1]0,1].
g — 1-2x  x(3—4x)
fllz)=vz—x +x2\/x—x2 72\/x—x2‘SOthe

critical numbers are z = 0, 2, 1.

@ f(x)>0 & 3-4x>0 & 0<z<3.
f'(®) <0 & 2 <2 <1 So fisincreasing on

(0, 2) and decreasing on (2, 1)

(b) Local maximum f (2) = 33

16

W f(z) = Yo — Va2 = ot/3 — g?/3,

1(z) = %xfz/g‘ - §x71/3 = %xfz/g‘ (1 - 2:61/3)‘ So the

critical numbers are z = 0, £.

@/f(x)>0 & 1-22>0 & 1>27° &

z<i(@#£0). f'(z) <0 & z>%. Sofis

increasing on (—oo, §) and decreasing on (3, 00).

(b) Local maximum f (%) 1

5
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15.

16.

17.

18.

19.

20.

f(z)= sin*z +costz, 0 <z <27
J'(z) = 4sin® zcosz — 4cos® rsinz
= —4sinxcosx (cos2 x — sin? x)
= —2sin2x cos 2x = —sin4x
') =0 & sinde=0 & dz=nr &

x w37 5m 3w

x = n%. So the critical numbers are 0, %, 5, 55, ™, 5, =,

as
7 2.

@ f'(x)>0 & sindr<0 & Z<z<Zor
Mcp<mo<z<Tor<z<om fis
increasing on these intervals. f is decreasing on (0, %),
(5% (0 5)- (5 %)

(b) Local maxima f (%) = f (7) = f (&) = 1, local
minima 1 (3) = (%) = 7 (%) = £ (5) = &

f(z) =zsinz +cosz, -7 <z <.
f'(z) =sinz + zcosx —sinz =zcosz, ' (z) =0 &
w=—20%
.l
@ f (x)>0 & zcosx>0 & —m<z<—For
0 < x < 4. So [ isincreasing on (—m, —%) and (0, %)

_x,
and decreasing on (—%,0) and (% ,7).

(b) Local maxima f (—%) = f (5) = . local minimum
FO) -1

f@)=a3+222 —z+1 f'(z) =32 +4x—-1=0 =

@ = ARV 2T Now f' (z) > 0 forz < =257 or

x> =27 and f' (2) < 0 for 257 < 2 < =27 fis

increasing on (—oo, ’QQ‘/?) and (’Q%ﬁ,oo) and

decreasing on (’2%‘/7, #)

f(x) =2° + 423 — 6. f' (z) = 5z + 1222 > 0 for all
x # 0. So f is increasing on R.

f(x) = 2tanz — tan® .
J'(x) = 2sec® x — 2tanx sec’ x = 2sec? x (1 — tan ).

Sof'(z) >0 & 1—tanz>0 & tanzx<1l &

s

x € (nm— %, nm+ L), nan integer. So f is increasing on

s

(nm — %, nm + §), nan integer, and decreasing on

nm + 2 nw+ Z), nan integer.
( 4 2) g

f(x) =622 -22° —2* = f'(z)=122 — 62> — 42>
= f(x)=12-122-122° =0 & 2> +zx—-1=0
= z= =25 Forz < =258 7 (z) < 0. For
1 g < BB P () > 0,and if @ > 125 then
1" (z) < 0. Therefore f is CU on (’1%‘/5, ’1%‘/5)

21.

22.

23.

24.

2

T
yi—’—ler’

D={z|z>-1} =

,72x\/1+x—%(1+x)71/2~x27 Az + 32
Yy = 1tz 72(1+x)3/2
. (4+62)2(1+2)** =3 (1+2)"? (4z + 32?)
4(1+4x)?
2
:3x +8x:28>0 N
4(1+z)*

322 + 8z + 8 > 0, which is true for all z since the
discriminant is negative, so the function is CU on its domain,
which is (—1, 00).

f(z) = x(l+x)72 =
F@=0+z)?=220+z) *=0+z)*(1-2)
=

@)= -30+a) "(1-a)-(1+2)7°
=(1+2)*@2-4)>0 <
(2r —4) >0 <« x> 2. Therefore f is CU on (2, 00).

2 i
YT 3 Yo @ o3y
, o (42® —182) (¢ — 3)" — da (a? — 3) (¢ — 92°)
N (a2 —3)"
B 6x (x2 + 9)
o (@ -3)

Now since 22 + 9 > 0, the quotient is positive <
x x

A eV
Interval z |l z4+vV3| z—+/3 ﬁ
< —/3 - - - -
—V3<z<0| - — — —
0<z<v3 | + + - -
>3 + + + +

So y is concave upward on (—+/3,0) and (v/3, c0).

@) f(x) = 2% + 192z + 17 =
I () =62° +192 =6 (2° +32). S0 /' (z) >0 <
2 >-32 & z>-2andf () <0 <
x < —2. So f is increasing on (—2, co) and decreasing
on (—oo, —2).

(b) f changes from decreasing to increasing at its only
critical number, x = —2. Thus, f (—2) = —303 s a
local minimum.

(c) f" (x) = 30z* > 0 for all z, so the concavity of f
doesn’t change and there is no inflection point. f is
concave upward on (—oo, co).



Copyright © 2013, Cengage Learning. All rights reserved

2. (a) f(x) =x/(1+z)° =
F @) = I+x)"(1)—(=)2(01+2)

[(1+2)%]"

_ A+ 2)[A+ ) —2a]
(1+a)
_(Q4y)(l-—2) 1-=z

(1+a) (1+a)°

Sof'(z)>0 & —-l<z<landf (z)<0 <«
x < —lorx > 1. So fisincreasing on (—1,1) and f is
decreasing on (—oo, —1) and (1, co).

(b) f changes from increasing to decreasing at x = 1.
z = —1isnot in the domain of f. Thus, f (1) = 4 isa
local maximum.

L+’ (=) - (1-2)3(1+x)°

© 1" (z) = 3
[((1+2)7]
(4’ [-1(1+2)-3(1—a)
(1+2)°
2 — 4
(4ot

"(@)>0 & z>2and f"(2) <0 & <2
(x # —1). Thus, f is concave upward on (2, co) and f is
concave downward on (—oo, —1) and (—1,2). There is

an inflection point at (2, 2).

26. (a) f (z) = 2sinz + sin®z on [0,27] =
' () =2cosz + 2sinzcosx = 2cos z (1 + sin ).
f'(z) >0 & cosz >0(sincel+sinz > 0 with
equality when = = 37’7, a value where cosx = 0) <
0<o <3 or%7T < x < 2m. So f is increasing on

(0,%) and (3f,27), and f is decreasing on (3, 3°)

2072 )
(b) Since f changes from increasing to decreasing at x = %,

J ($) = 3isalocal maximum. Since f changes from

decreasing to increasing atz = &, f (3£) = —1isa

local minimum.
©) 1" () =2cosx (cosz) + (1 + sinx) (—2sinx)
=2cos’z — 2sinx — 2sin’
:2(1—sin2x)—25inx—25in2x
=2 —2sinz — 4sin’z
=2(1+sinz) (1 —2sinz)
J"()>0 & 1-2sinz>0 & sinz<i &
<

0
(o,
(
(

< gor %’T < x < 27, s0 f is concave upward on

8

and (2, 27), and concave downward on

o ol
I —

). There are inflection points at (£, 2) and

o|
alon ©
—

SECTION 4.3 DERIVATIVES AND THE SHAPES OF GRAPHS = 7

27. f(—1) =4 and f (1) = 0 gives us two points to start with.
F"(=1)=f"(1)=0 = horizontal tangents at z = +1.
f'(z) <0if |z <1 = fisdecreasing on (—1,1).
f'(x)>0if|z| >1 = fisincreasing on (—oo, —1)
and (1,00). f""(z) < 0ifz <0 = fisconcave
downward on (—c0,0). /' (z) >0ifz >0 = fis
concave upward on (0, o) and there is an inflection point at
xz=0.

(—1,4)

/ 0‘ o f

28. Since f' (—1) = 0 and f' (1) does not exist, we have a
horizontal tangent at x = —1 and a vertical tangent at x = 1.
f'(z) <0if|z] <1 = fisdecreasing on (—1,1), and
f'(x)>0if|z| >1 = fisincreasing on (—oo, —1)
and (1,00). f" () < 0ifz #1 = fisconcave

downward on (—oo, 1) and (1, co).

29. 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 z = 2, since we are given that f’ (2) = 0. Now
we know that f' (z) < 0 (that is, the function is decreasing)
on (0, 2), and that /"' () < 0on (0,1) and f" () > 0 on
(1,2). So we must join the points (0,0) and (2, —1) in such
a way 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 on (4, c0). Now we
just need to reflect the curve in the y-axis, since we are given

that f is an even function.

y=1
= G
—4 0 4 ¥
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30.

3.

32.

;1:% f(x) = —oco0 = thereis a vertical asymptote at

x = 3. f' (0) = 0 means that there is a horizontal tangent at
=0 f'(z) >0ifz <0orz >3and f' () < 0if

0 < z < 3 indicates that there is a local maximum at x = 0,
since f is increasing on (—oo, 0) and decreasing on (0, 3),
and then increasing on (3, 00). /"' (z) < 0ifz #3 = f
is concave downward on (—oo, 3) and (3, c0).

K./

/TN

/ 0 3 X

@ P(z) =avax?+1 =

2 222 11
P(z) = Va2 F 14 ——— — > 0,50 P
@) V2 +1 Va2 1
is increasing on R.
(b) No maximum or minimum
x
de/x? +1— (222 +1) —
(©) P (2) = e
2 +1
z(22% +3
= 7( 3 2 >0 &
(@2 + 1)%

x> 0,50 PisCU on (0, co0) and CD on (—o0,0). IP at
(0,0)
@ y

(@) Q(z) =z —3z'% = Q/(x)zl—# >0 &
23>1 & 22>1 & z<-lorz>1s0Qis
increasing on (—oo, —1), and (1, o), and decreasing on
(-1,1).

O (r)=0 & x==%1,Q(1)=—2isalocal
minimum, and @ (—1) = 2 is a local maximum.

©Q"(x)=22"3>0 & x>0,5%QisCUon
(0, 00) and CD on (—o0, 0). Inflection point at (0, 0)

(@ 1yt
7

1,-2)

33.

34.

35.

(@) Q(z) =2 (z+3)*° =

Q' () = 1o 2/% (@ +3)%* + 21/% (2) (w+3)/*
z+1

The critical numbers are —3, —1, and 0. Note that
2% > 0forallz. So Q' (x) > 0whenz < —3 or
z>—-land Q' (z) <Owhen -3 <z < -1 = Qis
increasing on (—oo, —3) and (—1, co) and decreasing on
(—3,-1).

(b) Q@ (—3) = 0 s a local maximum and
Q (1) = —4'/% ~ —1.6 is alocal minimum.

" 2

© Q" (z) = T RE
x < 0,50 Qis CU on (—o0, —3) and (—3,0) and CD on
(0, 00). IP at (0, 0)

(d) Y

Q" (z) > 0 when

>0 <

o !
@ f(x)=h(1+2*) = f(z)= T2
x> 0, s0 f isincreasing on (0, o) and decreasing on
(—00,0).
(b) f(0) = 01is a local minimum.
© (o) - L) ) 20 -x)
(14 22) (14 22)
< x| < 1,50 fisCUon (—1,1),CD on (—oo,—1)
and (1, c0). There are IP at (1,1n2) and (—1,1n2).
(d) Y

- 0] , x
@) f(0) = sin?0 =
1 (0) =2sinfcosf =sin20 >0 <
20 € (0,m)U (2m,37) < 60€ (0,%)U(m ). So
[ is increasing on (0, 5 ) and (7, 3°), and decreasing on
(5.7m) and (3,20).
(b) Local minimum f (7) = 0, local maxima
£(3) = (%) -1
©) f"(0) = 2cos20 >
20 € (0,%) U (2=, 5=
0e(0,5)u (2,2 %,2m), so fis CU on these
4

intervals and CD on (4, 2¢) and (2%, Z5). IP at

¢

(22, 1), n=1,3,5,7

4 72



Copyright © 2013, Cengage Learning. All rights reserved

(d)

36. (a)

(b)

37. (a)

(b)

650 10

)
—0.5 1
-4 4 i
bl

—200 -5
From the graphs of f (z) = 32° — 402> + 3022, it seems
that f is concave upward on (—2,0.25) and (2, co), and
concave downward on (—oo, —2) and (0.25, 2), with
inflection points at about (—2, 350), (0.25, 1), and
(2, —100).

-22

-200

From the graph of £ (z) = 60z — 240z + 60, it seems
that f is CU on (—2.1,0.25) and (1.9, 00), and CD on
(—00, —2.1) and (0.25, 1.9), with inflection points at
about (—2.1, 386), (0.25,1.3) and (1.9, —87). (We have
to check back on the graph of f to find the y-coordinates
of the inflection points.)

Ve

From the graph of f () = 2 cos x + sin 2z, it seems that
f1isCU on (1.5, 3.5) and (4.5, 6.0), and CD on (0, 1.5),
(3.5,4.5) and (6.0, 27), with inflection points at about
(1.5,0.3), (3.5,—1.3), (4.5,0.0) and (6.0, 1.5).

6
£
oA
-6
From the graph of " () = —2cos z — 4sin 2z, it
seems that f is CU on (1.57,3.39) and (4.71, 6.03) and
CD on (0,1.57), (3.39,4.71) and (6.03, 27), with
inflection points at about (1.57,0.00), (3.39, —1.45),
(4.71,0.00) and (6.03, 1.45).

3

2
-3
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