232 Chapter 3 -Applications of Differentiation

41. ) f(x)

X
E+cosx,0<x<27r

I

l—sinx=0
2

_z5z
6

. T
Critical numbers: x E

5—”<x<27r
6

S50

Increasing

. 5
Test intervals: 0<x< E

[ <0

Decreasing

S >0

Increasing

Sign of f'(x):

Conclusion:

Increasing on: (O, —fi), ('51, Z”J
6 6

. (7[ S
Decreasing on: | —, ~——
6 6

(b) Relative maximum; %,#

5t 57— 64/3

Relative minimum: ,
6 12

©

42. () f(x)
f(x)

sinx cosx + 5 = %sin2x+5,0 <x<2z

cos 2x

3z Sn In

T
Critical numbers; —, —, — =
ritica er; Rl

iz .

v 4
Test intervals: 0<x<=—
4 4

x < 2z

Sign of f": >0 <o <0 >

0

Increasing Decreasing

Conclusion:

Increasing

Increasing
r 57z

Decreasing
z [_ 5z
47 47 4 )

(7_”’ 2,,)
4
Decreasing on: (f, 3—”), (i’f, Zﬁ)

4" 4 4" 4.

) (10
H 4’ 2
9

&3

2

Increasing on: (0,

(b) Relative maxima: (%,

~

Relative minima: (—34£,

/\\/ﬁh\\/

< 2n
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Section 3.3 Increasing and Decreasing Functions and the First Derivative Test 233

y f(x) =sinx+cosx, 0<ux<2r

“f(x) =cosx —sinx = 0 = sinx = cos x
5

Criti I numbers: x = 2 2%
Critical n : 22
intervals: 0<x<Z —7£<x<5—7[ 5—7r<x<27r
Test intervals: ) 2 " "
Sign of f'(x): f>0 f<0 >0
Congclusion: Increasing Decreasing Increasing
. Increasing on: | 0, zj oz 27r)
- Inc , gon: | 0, i\
Decreasing on: | Z. £l
coreasiiE o
(b) Relative maximum: (—-, \/EJ
Relative minimum: (—57:5, ~\/§) |
s |
. )
o 5\. % L 2w
—
4. (@) f(x) = x + 2sinx, 0<x<27
f(x)=1+2cosx=0= cosx = 1
Critical numbers: —237-{, fﬁ
2
Test intervals: 0<x<Z @-<x<4—7r 4—7‘f<x<27r
3 3 3
Signof f'(x): | f'>0 <0 [ >0 3
Conclusion: Increasing Decreasing Increasing
Increasing on: | 0, EEJ, ﬂ, 27
3 3
. (27r 4z
Decreasing on: | ——, —
. 3°3
(b) Relative maximum: 3375, 2—3”— + «/5) ~ 23—” 3.826)
Relative minimum: i’i, 4—” -3 = (i@, 2.457
3°3 3
7
.r‘/
i Ny
27
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234 Chapter 3 Applications of Differentiation

45. (@) f(x) = cos?(2x), O<x<2z
S(x) = -4 cos 2xsin2x = 0 =5 cos 2Zx = 0 orsin 2x = 0

7w 3n Sx Tn & In

Criti ] b, : =y, s T
ritical numbers: x a2 4222
Test intervals: 0<x<Z ”<x<7r ”’x<3” 3”<.X’7[
. J hon - - — < —_— —_— < E
4 4 2 2 4 4
Sign of f"(x): <0 S >0 <0 >0
Conclusion: Decreasing Increasing Decreasing Increasing
. Sm hY 4 kY 4 3z T Tr
Test intervals: FLx¥x<— | —<x<— | Z<x<Z {2 yoon
4 4 2 2 4 4
Signof /'(x): | /<0 >0 /<o S >0
Conclusion: Decreasing Increasing Decreasing Increasing
. T 7 571' 372
Increasing on: | —, = |, 27r
4°2 4
. ) [7: 37:'] ( ) (37[ 77[)
Decreasing on: 7,
2 4
(b) Relative maxima: (er—, 1), ( )
Relative minima; (ﬁ, 0), ( 57[, 0), 17_’_, 0)
4 4 4 )
© s
NAVAVAVAVAE
‘1 )
46. (a) f(x) = sinx — /3 cosx, 0 < x < 27
S(x) = cosx + /3 sinx= 0 = /3 sinx = —cosx
-1 -3
tany = —— = 2
NZEE
Critical numbers: x = 5—”, -lz .
6 6
Test intervals: O<x< = 7 5—”<x<-1£ 1—].7£<x<27t
6 6 6
Signof f'(x): | />0 f<0 S >0
Conclusion: Increasing Decreasing Increasing i

Increasing on: (0 —), (l_lz’ 2z
6 6

. ( Sz 1 ln)
Decreasing on: | —, —
6 6

w

(b) Relative maximum; (5?”, 2) (c)

Relative minimum: (“—ﬂ, —2) 0 2n

-

-3

in whole or in part,
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Section 3.3 Increasing and Decreasing Functions and the Firs: Derivative Test 235

a) flx) = sin? x +sinx, 0<x< 27

2sin x cos x + €08 x = cos x(2sin s + 1) = 0

\2

~—~
=

SN

~ritical 1berS'x——7£Z——3£1—11
Critica nun : 6276
t'trvaIS' 0<’(’—7£ f_<\-<1£ 7_ﬂ.<_x<§.7£ 3_ﬂ<v/1_1£ _]_lﬂ.-. < 2w
Test mte : X< 5 < P G 5 2 ..\6 p: <
Signof f'(x): | />0 f'<o0 >0 /<0 />0
Conclusion: Increasing Decreasing Increasing Decreasing Increasing
Increasing on: | O z Z 3—” M 2r
n g M b 2 o 6 2 2 > 6 bl
Decreasing on: z k[- —3£ —l—lﬁ
g . 25 6 > 2 9’ 6
b) Relative minima: ZE— ~—1— ]_1£ —l
( ) . 6 > 4 H 6 ) 4
. . 4 Ir
Relative maxima: | —, 2|, {—, 0
2 2
(@ 3
0 / — oy 2m
-1
8. (@ f(x)= —im—’iz—,o < x <27
: 1+ cos® x
, cos x(2 + sinzx)
(1 + cos x)
.. n 3
Critical numbers: x = —, —
272
Test intervals: 0<x<Z | X« x < = | 3= < x <27
2 2 2 2
Signof f'(x): | /' >0 <0 7 >0 )
Conclusion: Increasing Decreasing Increasing
. 7\ (3x
Increasing on: |0, — |, | —, 27
2 2
Decreasing on: —75, 3
272
(b) Relative maximum: —2—,1

. .. Iz
Relative minimum: > -1

©

~"

-2
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23' ::Chapter 3 Applications of Differentiation

49. f(x) = 2xv/9 - £*,[-3,3]
2(9 - 2+%)

@ f(x) =
(® e

PR

©

Critical numbers: x = +

(d) Intervals:

3 N2 (32 3V2) (32

, 3
2 2 2 2
f(x) <0 f(x>0 f(x<o
Decreasing  Increasing Decreasing

fis increasing when £ is positive and decreasing
when f”is negative.

50 /(x) = 10(5 - /¥ = 3x + 16), [0, 5]

@ f'(x) - 5(2x - 3)

Nxr-3x+16

5(2x - 3)

R v v

Critical number: x
(d) Intervals:

e
f(*)>0 f(x)<o0

Increasing Decreasing

Il
N w

fis increasing when f” is positive and decreasing
when [’ is negative.

51. f(¢) = *sin 1, [0, 27]

@ f() = fPcost + 2sint = (t cos ¢ + 2sin 1)

®

.
o] p
20+

[

L

e W : * f
-1l x \W"
-z-:ﬁ e

(c) #tcost + 2sinf) =0

ol

t =0ort =-2tant
tcott = -2
¢t ~ 2.2889,5.0870 (graphing utili
Critical numbers: ¢ = 2.2889, 5.0870

-(d) Intervals:
(o, 2.2889) (2.2889, 5.0870) (5.0870, 2)
>0 r@E<o >0
Increasing  Decreasing Increasing

Jfis increasing when £ is positive and decreasing
when f” is negative.

52. f(x) = % + cos % [0, 4]
() =L _LenZ
(@) f(x) =5 " sing
®

1 1 . x
(©) E—EsmE—O
sin =1
2
X 7
2 2
Critical number: x = 7

(d) Intervals:
(0, 7) (7, 47)
(x>0 f(x>0
Increasing Increasing

fs increasing when f” is positive.
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Section 3.3 Increasing and Decreasing Functions and the First Derivative Test

3r 7

—3sin 3;-, [0, 67t] (c) Critical numbers: x = —2—, 7

S
—_
=
~
]

(d) Intervals:

o3) (%) (L6
¥ 2 22 2
f<o >0 <0
Decreasing Increasing Decreasing

f isincreasing when f” is positive and decreasing
when ' is negative.

'f(x) = 2sin 3x + 4 cos 3x, [0, 7] (© f'(x)=0= tan3x = -;—
f’(x) = 6 cos x — 2 sin 3x Critical numbers: x ~ 0.1545,1.2017, 2.2489
A (d) Intervals:
1 f";’l\i (0,0.1545) (0.1545,1.2017) (12017, 2.2489) (2.2489, 77)
DAY 720 r<0 a0 g
1 \U A v Increasing  Decreasing Increasing Decreasing
~:< ! fis increasing when f” is positive and decreasing when f” is
2T / \j negative.

o S _ 4x3 43 x2 = 1)(x® - 3x
e

= g(x) = x> - 3xforall x # *1.

=x - 3x,x # *1 ¥

f(x)=3x*-3= ?a(x2 - 1),x #xl = f(x) =0
Jfsymmetric about origin

| zeros of f: (0, 0), (i-\/i’;, 0)

g(x) s continuous on (—co, ) and f1 () has holes at (-1, 2) and (1, -2).

6. 1()
0

Jsymmetric with respect to y-axis T

cos’t - sin’t = 1 - 2sin’t = g(¢) 57. f(x) = cisconstant = f"(x) = 0.

—4sintcost = —2sin 2t

zerosoff:i—z-:- ——

Relative maximum: (0, 1) T .
i
Relative minimum: [—Z, —l), (1, —1) T
2 2
5 58. f(x)isalineof slope » 2 = f'(x) = 2.
N o
s 6
24 2

The graphs of f(x) and g(x) are the same.
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238 Chapter 3 Applications of Differentiation

59. fis quadratic = f”is a line. 6

73

. 8) = /()
g6 = /()
£(-6) = -1(-6) < 0

66. g(x) = - f(x)
£ = -7
£0) = -/0) > 0

67. g(x) = f(x - 10)
&) = f'(x - 10)
£0) = /-10) > o

68. g(x) = f(x-10)
g = f(x-10)
2@ =r(-2)<0

[> 0, X < 4 = [isincreasing on (o, 4
69. f'(x){undefined, x = 4
<0, ¥ >4 = fisdecreasing on (4
. Two possibilities for f(x) are given below.
@
‘ ei}- ‘I
4o
Lo
o
24 I|
b
]
i
=T
In Exercises 6368, f'(x) > 0on (o0, -4), f '(x) < 0on
W34
(-4,6)and f'(x) > 0 on (6, o), 1
63. g(x)=f(x)+5
g(x) = 1(x)

g = r "0 <o

64. g(x) =3f(x)-3
g'(®) = 3/(x)
g5 =3r(-5>0
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Section 3.3 Increasing and Decreasing Functions and ithe First Derivative Test 239
71. Critical number: x = 5

) (a) Critical number: x = 2 (Because f'(2) = 0)
: S'(4) = =25 = fis decreasingat x = 4.

“(b) [ increasing on

(2, ) (Because " > 0 on (2, @) /(6) =3 = fisincreasingat x = 6.

7 decreasing on (5.7(5)) is a relative minimum.
e

(-,2) (Bccausef’ < 0on (-, 2))

(c) S has arelative minimum at x = 2. J'(1) = 2 = f is decreasing at x

) (a) Critical numbers: F'(3) = 6 = f isincreasing at x
x = 0, 1 (Because /(1) = 0)

72. Critical number: x = 2

H
—

it
%)

(2.r (2)) is not a relative extremum,

b increasing on (—oc, 0} and (1, «
® 7/ gon ( ) (=) In Exercises 73 and 74, answers will vary.

(Because S’ > 0 on these intervals) Sample answers:

f decreasing on . 73, (a) ¥
(0, 1) (Because /" < 0 on (0, 1)) T I

(c) f has a relative maximum at x = 0,and a

relative minimum at x = 1. -1 ]

(i) (a) Critical numbers: x = 1,0, 1
(Because /'(-1) = f'(0) = /(1) = 0)
(b) f increasing on (—o0, ~1) and (0, 1)

(b) The critical numbers are in intervals
(~0.50, -0.25) and (0.25, 0.50) because the sign of

(Because /* > 0 on these intervals)
S decreasing on (-1, 0) and (1, )

(Because f* < 0 on these intervals)

/' changes in these intervals. f is decreasing on
approximately (-1, —0.40), (0.48, 1), and increasing
on (~0.40, 0.48).

(¢) f has a relative maximum at x = —1and (c) Relative minimum when x ~ ~0.40: (—0.40, 0.75)

x = 1. fhas arelative minimum at x = 0. Relative maximum when x ~ 0.48: (0.48, 1.25)

(iv) (a) Critical numbers: x = -3, 1,5
74. (a) ¥
(Because =3 =71 = £(s) = O) ,

(b) fincreasingon (-3,1)and (1. 5) | /\

Lﬂ/ll\/ VA ‘

(b) The critical numbers are in the intervals
0, z i Z, z , and —3—2, 5—” because the sign of
6)\3 2 4° 6
/' changes in these intervals. fis increasing on

(Because /" > 0 onthese intervals). In fact,

o -

J is increasing on (-3, 5).
/f decreasing on (-, —3) and (5, )
(Because / < 0 on these intervals)

(c) f hasarelative minimumat x = -3,and a
relative maximum at x = 5.

x = lis not a relative extremum. . 4 3z 67 .
approximately | 0, 7 and TR and decreasing

T 3m 6
on|—,—land | —, 7 |
7 7 7

(¢) Relative minima when x =

[9%)

V4
Ex

T 6r
7T

V3

Relative maxima when x ~
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240 Chapter 3 Applications of Differentiation

75. s(r) = 4.9(sin @)
(@ s'(r) = 4.9(sin 6)(21) = 9.8(sin )
speed = ’ s’(t), = |9.8(sin H)tl

(b)
V.3 n
¢ o1 7 3

[N
l
I
B

ISO)] | 0| 49v2t | 493 | 98 | 403 49V2 | o

The speed is maximum for @ = %

76. (a) M = -0.06803t* + 3.71626> — 76.281s2 + 716.56¢ — 2393.0

(b) =0
/"M\
s - 20

(¢) Using a graphing utility, the maximum is approximately (17.7, 322.0), which compares well with the actual maximum-
2007: (17, 326.0).

7. C=—2_ 150
27+ 8
@ Tolos |1 15 |2 25 |3
C® | 000550107 | 0.148 | 0.171 0.176 | 0.167
The concentration seems greatest near ¢ = 2.5 hours.
(b) o2
) e
L
Mazihuim
0 {H72 3011048 V=17 62778 . 3
a
The concentration is greatest when ¢ »~ 2.38 hours. )
© C (27 + £)3) - (31)(3%)
c =
(27 + t’)2
3(27 - 27)
(27 + £

C' = Owhent = 3/3/2 ~ 2.38 hours.

By the First Derivative Test, this is a maximum.
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Section 3.3 Increasing and Decreasing Functions and the First Derivative Tegy 241 £

=xgx)=snx,0<x<zx
7 x 0.5 1 1.5 2 25 3
fix) |05 1 1.5 2 2.5 3
g(x) | 0479 | 0.841 | 0.997 | 0.909 | 0.598 | 0.141
f(x) seems greater than g(x)on (0, 7).
5
e
Hﬁtﬁm—k‘i %=
-2
x > sin xon (0, z) so, f (x) > g(=)
) Let h(x) = f(x) - g(x) = x - sin x
K(x) =1-cosx > Oon (0, ).
Therefore, h(x)is increasing on (0, 7). Because 4(0) = Oand #(x) > 0 on (0, z),
h(x) >0
x—-sinx >0
x > sinx
f(x) > g(x)on (0, z)
= KR - r)? = K(Re? - ) 81. (a) s(t) = 6t-1%120
kK(2Rr - 3r%) v(t) = 6 - 2
kr(2R — 3r) = 0 ' (b) v(t) = Owhen ¢ = 3.
Oor %R ) : Moving in positive direction for 0 < ¢ < 3 becayse
v(f) > 0on 0 < ¢ < 3.
- Maximum when » = 2R,
(c) Moving in negative direction when ¢ > 3.
‘0_ R = ~J0.001T* — 4T + 100 (d) The particle changes direction at ¢t = 3.
3 _ =2 -7 >
@ R = 0.0047° — 4 -0 82.(a) s(t) =1* -7t +10,t 20
24/0.001T* - 4T + 100 w(t) =2 -7
Critical number: 7 = 10° (b) v(t) = Owhen { = %
Minimum resistance: R ~ 8.3666 ohms
(®) 15 Particle moving in positive direction for
\ / t > Ibecause v(f) > Oon (%, oo).
\ / :
. . . . . . 7
» \,\M_/ - (c) Particle moving in negative direction on [0, 7).
5 (d) The particle changes direction at ¢ = %

The minimum resistance is approximately
R ~ 837 ohmsat T = 10°,
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242 Chapter 3 Applic&tions of Differentiation

£ -5+ 4,20

32 10t + 4

10 £+/100 - 48 _ 5£413
6 3

Particle is moving in a positive direction on

5-J13 (5+J13
3 2

' 0,22 | ~ [0, 0.4648) and L

83. (a) s(r)

V()
® v()

il

Ofor ¢ =

© | (2.8685, oo) because v > 0 on these intervals.

(c) Particle is moving in a negative direction on

5-V13 5+13

3 3

~ (0.4648, 2.8685)

5+/13
=

(d) The particle changes direction at ¢ =

84. (a) s(r) = > - 20¢* + 128t ~ 280 85. Answers will vary.
() = 3% — 40 + 128 86. Answers will vary.
(b) v(t) = (3t - 16)(r - 8)

v(t) = 0 when ¢ = IT’ 8
¥() > 0for [0,) and (8, )
© v(r) < 0for (X,3)
; (d) The particle changes direction at # = 18 and 8.
87. (a) Use a cubic polynomial
f(x) = a3’ + @x® + aix + g

®) f(x) = 3a3x* + 2a,x + a,

7(0) = 0: a0 + a2(0)2 +a0)+ay=0= a =0
7(0) = o 3a3(0)2 +2a,(0) + a; = 0 = a =0
f@ =2 a2 + a2 +a(2) +a = 2> 84, + day = 2
72) = o 30,(2)° +20,(2) + @y = 0 = 124y + 4a, = 0

(c) The solutionis ay = a; = 0,a, = _;., ay = _.;_;
f(x) = —%x’ + 252,

2
@ 4

2.2

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




Section 3.3 Increasing and Decreasing Functions and the First Derivative Test 243

(a) Use a cubic polynomial
f(x) = 3ax’ + ayx® + ayx + aq

‘(b) F(x) = 3ax* + 2a,x + q

7(0) = 0 a;(0) + az(O)2 +a0) + gy = 0 = a, = 0
7(0) = o: 363 (0) + 2y(0) + o, = 0 = a =0
f(4) = 1000: a3(4)3 + 112(4)2 + a,(4) + ay = 1000 = 64a; + 16a, = 100
7(4) = o 3a;(4) + 20)(4) + @y = 0 = 484, + 8a, = 0
(c) The solutionis a; = @) = 0,a, = 3% ay = *—'% G \ 1200 ~T
flx) = —128,3 4 35,2 ) A
pre A/
- ©70) '.' ¢
~400

89. (a) Use a fourth degree polynomial

x) = ax’ + ayx’ + axt + ax + a.
4 3 2 1 0

() f'(x) = 4asx® + 3asx” + 2a,x + q,

| 7(0) = 0: a,(0)" + as(0) + 4, (0) + a(0) + @y = 0 = a =0
1(0) = o: 4a,(0) + 3a3(0)° + 20,(0) + @, = 0 = a =0
J@) = 0: a4) + a;(4) + a,(4) + a(d) + a = 0 = 2564, + 64a; + 16a, = 0
1(4) = o: 4a,(4) + 3a;(4)" + 2a,(4) + @, = 0 = 2564, + 48a; + 8a, = 0
F@) =4 ad) + a2 + @] + a2 +a =4 = 16a, + 8ay + 4a, = 4
) =o: 40,(2) + 3032 + 2a,(2) + @, = 0 = 32a, + 12a; + 4a, = 0
(¢) Thesolutionis ay = @ = 0,0y = 4, a3 = -2, a, = T
/(=) = %x“ ~2x% + 4x?
d 5
(d) ‘ ?_4)
AN
) ool
=
90. (a) Use a fourth-degree polynomial
F(x) = ax* + a3x° + ax® + ax + a,.
() f(x) = 4a,x* + 3a3%* + 2a,x + q
) =2 a4(l)4 + ay(1) + az(l)2 +al)+ay =2 = at+tayta+a+a =2
@) = o 4a,(1)" + 3ay(1)° + 2a5(1) + @) = 0 = dag + 3ay + 20, + @, = 0
7= = 4 a4(—1)4 + a;(—l)3 + ay(=1)" + a-1)+ a5 = 4 = P N S T
S(=1) =0 4a4(—1)3 + 3a3(—1)2 +20(-1)+a = 0= —4a, + 3a; - 2a, + a; = 0
/(3) =4 a4(3)4 + a3(3)3 + ar2(3»)2 +a3)+ay = 4= 8la, +27a; + 9a, + a, + ay = 4
1@ = o 40,3 + 36,3 + 2a,(3) + @, = 0 = 108a, + 27a; + 6a, + a, = 0
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:p}zli(;'~d:tions ‘of Differentiation

() Thé _solutidn is a

91. True.
Let h(x) = f(x) + g(x) where fand g are increasing,
Then #(x) = f'(x) + g'(x) > 0 because
f'(x) > 0and g'(x) > 0.

92. False.
Let h(x) = f(x)g(x) where f(x) = g(x) = x. Then

h(x) = x*is decreasing on (-0, 0).

93. False.
Let f(x) = x*,then f'(x) = 3x* and fonly has one
critical number. Or, let f(x) = x* + 3x + I, then

() = 3(x* + 1) has no critical numbers.

94. True.
If f(x)is an nth-degree polynomial, then the degree of

S(x)is n - 1.
95. False. For example, f(x) = x*does not have a relative
extrema at the critical number x = 0.

96. False. The function might not be continuous on the
interval.

97. Assume that f"(x) < 0 for all x in the interval (a, bj

let % < x, be any two points in the interval, By the
Mean Value Theorem, you know there exists a numb
such that x, < ¢ < x,,and

r(e) = L)1)

Because f"(c) < Oand x, ~ x, > 0,then

S(x2) = f(%) < 0, which implies that

S (%) < f(x). So, fis decreasing on the interval.

98. Suppose f"(x) changes from positive to negative at ¢
Then there exists a and b in I such that f"(x) > 0 for all
xin(a, c)and f(x) < O for all x in (c, b). By Theorem
3.5, fiis increasing on (g, c) and decreasing on (c, b).
Therefore, f (c) is a maximum of fon (a, b) and so, a
relative maximum of £,

99. Let x;and x, be two real numbers, x, < X;. Then

x13 < st

(~oo, ).

100. Let x, and x, be two positive real numbers,
0 < x < x,.Then
1 1
—— > ——
X X

fa) > f(x)

So, fis decreasing on (0, ).

= f(%) < f(x). Sofis increasing on
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Section 3.4 Concavity and the Second Derivative Test
First observe that
: sinx  cosx 1 1
tan x + COt X + se€cx + cscx = + —= + + —
» cosx sinx cosx sinx
_ sin’x + cos?x + sin x + cos x
sin x cos x
_I+sinx + cosx(sinx +cosx —1
sin x cos x ksinx +cosx — 1
) 2
_ (sin x + cos x)* -
sin x cos x(sin x + cos x - 1)
_ 2 sin x cos x
sin x cos x(sin x + cos x - 1)
sinx + cosx — 1
Let ¢ = sin x + cos x — 1. The expression inside the absolute value sign is
. 2
t) = sin x + cos x +
f() sin x + cos x — 1
= (sinx+cosx - 1)+ 1+ — 2
sin x + cos x — 1
=t+1+ 2
t
. 7 . Fis .
Because sm(x + Z) = sin x cos ry + COS x sin—
= —-2-g(sin X + o8 x),
sinx + cosx € [—\/5,\/5] and
t=sinx+cosx—1¢ [:—1 -2, -1+ \/51
, 2 -2 (f + \/_:Z-)(t - \/5)
f(t)=1_t_z= 2 2
A1+V2)=-1+42+1+ =2+
(14 3) 2 vre
4-V2(V2+1) a2-2+4-2
= = =2+3/2
V2 -1{V2 +1 1
For ¢ > 0, f is decreasing and f(f) > f(—l + \/5) =2+3/2
For ¢t < 0, f is increasing on (—\/5 -1, —\/5), then decreasing on (—\/5 0). So f(t) < f (-\/5) =1-2v2.
Finally, | /()| 2 2v/2 - 1.
(You can verify this easily with a graphing utility.)
Section 3.4 Concavity and the Second Derivative Test
1. The graph of fis increasing and concave downward: 2. The graph of f'is decreasing and concave upward:
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