4. Continued
Six)
byx  =x - o L) =x2~26=0
(5) -26
205

x225— =51

© fo=x
x=3
ran=sen-—
V26 = 3+——(26 27)
S =256
Chapter 4 Review (pp. 256-260)
1. y=xJ2—x
y= x( . J(—1>+(J2~ )
2N2—-x
_-xt20-5)
2N2—x
4-3x

W2—x

The first derivative has a zero at —
6
9

-4
0

I

Critical point valug: x = — ¥ =1.09

W

Endpoint values: x=-2 y
r=2 y=

The global maximum value is iéfi atx = f;: and the global

minimnum value is -4 at x = -2,

2. Since y is a cubic function with a positive leading

coefficient, we have km y=—co and Hm y=-oo, There are
Pa—— Xepoa

no global extrema.

3' yf - (XZ)(eifxz)(_zx—3)+ (eilxz)(zx)

=2¢V%* [««l«vi«x)
x

2" (x = Dx +1)

Intervats x<~1 ~l<x<h Q<x<| x>1

Signof ¥’ - + - +

Behaviorof y | Decreasing | Fncreasing | Decreasing | Increasing
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y” —_ %[22!“‘2 (_x-l + JC)]

- <2e1”‘§)(x"2 + )+ (x4 02 (=278
=(2e" )% 142270 - 207D
_ 27 (x* ~x*+2)
S S
X
_ 2" x? ~0.5) +1.75]

4
X

The second derivative is always positive (where defined),
5o the function is concave up for all x # 0.
Graphical support:

v

TPRPISSP—

vezr 18RI
-4, 4l by [-1, 5]

(a} [-1, Q) and [1, =)
(b) (=, ~Hand ©, 1]
(€} (e, 0) and (0, <)

gﬂmum

(d) None _
(e} Local (and absoiuic) minima at (1, ¢) and {1, &}
() None

4. Note that the domain of the function is [~2, 2].

y'= [ J(—'?x)‘r(\M - x2)(1)
24— x?

_=xti(d-a?)
V4-x*
4= 2x*
4-x?
Intervals w2<x<m\[5 - 2<x<\6 ﬁ<x<2
Signof ¥’ . . _
Behavior of y Becreasing Increasing Decreasing
(V4- x> Y—4x) - (4- 2x2)[ J(sz)
y” 24— x
4-x*
N 2x(x* ~6)
(4—x* )3/2

Note that the valoes x = i\/(_i are not zeros of y” because
they fall ontside of the domain.

Intervals ~2<x<{ D<x<2
Sign of y” + -
Behaviorof y Concave up Concave down
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4. Continuned

Graphical support:

-1
y” =g°

The second derivative is always positive, so the function is
concave up for all x.

Graphical support:
PR ss lyea \ /
[~2.35,2.35] by {-3.5, 3.5] P3¢
Haxi
) (~V2,42] B e
[~4, 41 by -2, 4]
() [-2, ~+2]and [V2, 2] @) 1L, =)
© 20 ®) (=, 1]
(dy (0, 2)
(€) (o0, =)
(€} Local maxima: (-2, 0), (v2,2)
{d) None
Local minima: (2,0), (~2,~2) () Local {and absolute) minimum at (1, 0)
Note that the extrema at x = ++/2 are also absolute () None
trema.
extrema 7. Note that the domain is (1, 1).
o0 -
y=(1- £y
5. y’«.:l-Zx-—4x3 y::ml{lmxz)-sm(wz)c)m X
Using grapher techniques, the zero of y* isx = 0.385, 4 21— xH)¥4
Intervals x < (0.385 0385 <x Intervals ~1<x<0 0<x<l |
Sign of y’ + - Sign of ¥ - +
Behavior of y Increasing Decreasing Behaviorof y | Decreasing | Increasing

¥ w2127 = 21 +6x%)
The second derivative is always negative so the function is
concave down for all x. '

Graphical support:

a1y

#auiraura /

H= 3HEMER = i tHinT
[-4, 41 by [~4, 2]

(a) Approximately (~eoo,{.385]

(b) Approximately [0.3835, oo}

(¢) None

(@) (=, 9) _

(e} Local {and absolute) maximum at = (0.385, 1.2135)
(f) None

6. y=e"1o1
Intervals Cx<l 1<x
Signof ¥’ - . +
Behavior of y Decreasing Increasing

2{1_xz)s“c.z)?(,xxz)[ﬂ(1—xzf"‘ (=24)

oo

4(1-ax2)5’2
(=29 2227 +5x7)
401 x)5?
3% 42
4121

The second derivative is always positive, so the function is
concave ip on its domain (-1, 1)

Graphical support:

;G Y=g
[~1.3, 1.3 by [-1, 3] .

(a) [0, 1)

(b) (-1, 0]

€11

{d} None

(é) Local minimum at (0, 1)
() None

L
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8. y,ﬁ(x —IXD - 32y 227 41

&~y -1
Intervals P o3 x<l l<x
Sign of y + - -
Behaviorof y | Increasing Decreasing Decreasing

o ED6)- D - D)

( x3 . 1)4
_ (P =16x")y-(2x° + D6x?)
@ -1
6P (X +2)
-1y
Inervals | v« ¥ | 9B cxco| O<x<l | l<x
Sign of y* + - - +
Behavior | Corcave Concave Concave | Concave
ofy up down down up
Graphical support:

Hakimum

85~ 7H37008 lyaBauszay
4.7, 47 by i-3.1, 3.1

(a) (o0, =27 ] 2= (o0, —0.794]

)y [-27%, 1) ~ [-0.794, 1) and (1, =)
(€) (o0, =273 } = (w00, 1,260 and (1, o)
(@ (=27, 1) = (-1.260, 1)

(e) Local minimum at

{—2‘*“’ , -i— . 2"”3) = (~0.794, 0.529)

) (wzm,% . 2"3)z(~1.260,0.420)

9. Note that the domain is [-1, 1].
y=- d
Vi-x?
Since ¥ is negative on (—1, 1) and y is continuous, v is
decreasing on its domain [~1, 1].

y”m%[——(l—xz)"m}
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Graphical support:

S

BN

T .
-1.175, 1.1751by[ o 4]

(a) None
-1, 1]
@10
@0, 1)

{e} Local (and absolute} maximum at (-1, m);
local (and absolute) minimum at (1, 0)

® {0, »’i]
2

10. This problem can be solved graphicaily by using NDER to

obtain the graphs shown below.

!

¥y A
ngf??f’z"'asna = tH30LEr Eg':g.?zzosz V=g
[-4, 4] by [}, 0.3] [~4, 4] by [-0.4, 0.6

LA
v

Zery
Au 2 5HuREE Yoo

[~4, 4] by [-0.7, 0.8]

An alternative approach using a combination of algebraic
and graphical techniques follows. Note that the
denominator of y is always positive because it is equivalent

to(x+ I? +2.
Y= (2% +2x+ 3D — (xX2x+2)
(x? +2x+3)*
X743
(P 243

- 3<x<\/?: J§<x

Intervals X< _\E

Sign of y’ - + S

Behavior of y | Decreasing Increasing

I . X
= 5(1— )Y (2x) = —m
Intervals -l<x<0 O<x<l
Sign of y” + -
. Behavior of y Concave up Concave down

Decreasing

e (F +2x + 32220~ (=2 + 322" + 25+ 325 +2)

(% +2x+3)"
_ (2 + 22+ 3N~22) ~ 2(2% 4+ 2X~x% +3)

(e +2x+3)°
_2x*~18x-12

(x2 +2x+ 3)3
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10, Continued
Using graphing techniques, the zeros of 2x° —18x—12
{and hence of y”) are at x = -2.584, x =~ 0,706,
and x = 3.290.

(-2.584, | (-0.706,
Intervals | (~oe, —2.584) ~0.706) 3.290) (3.290, <}
Sign of
’ - + - +
¥y’
Behavior Concave Concave | Concave | Concave
of y down up down up

@) [~V3, V3]

®) (—=,— 3] and [¥/3, )
(¢} Approximately (=2.584, -0.706) and (3.290, )
(d} Approximately (—eo, ~2.584) and (~0.706, 3.290)

(e} Local maximum at [\E ,%}

=(1.732,0.183),

local minimum at [-«\/5, m\/i__ 1}
=(—1.732,-0.683)
(f) =(—2.584, -0.573), {~0.706, —0.338), and (3.290, 0.161)

11. Forx >0, y’="—4—" inxml
dx x

Forx<Q: y'= -Ei-—In(—x) = '““1““("“1) =1
dx L 1 x
Thus y'= 1 for all x in the domain.
X
Intervals -2, % G, 2)
Sign of v - +

Behavior of ¥ Decreasing Increasing

*” -2

The second derivative always negative, so the function is
concave down on each open interval of its domain.

Graphical support:

“\/“’
[-2.35, 2.35] by [-3, 1.5]
(a)(0,2]
B [-2,0

(¢) None
{d) (-2, 0y and (0, 2}

(&) Local {and absolute) maxima at (-2, In 2) and (2, In 2)
(H) None

12, ¥ =3cos3x ~4sindx
Using graphing techniques, the zeros of ¥ in the domain

0<x <27 are x ~0.176, x=0.994,x=—;£=1.57,

x=2.148, and x =~ 2.965, x =3.834, x = 3771" x=35591

Intervals | 0<x<O176 {0,176 <x < 0.994 0.994<x<-72£ —E—<x<2.148 2148 <2 <2965

" Sign of y' + - + - L+
Behavior . ! . A o . . 3
ofy Increasing Decreasing [ I:4 ; g

n

3z
Intervals | 2965 <x<3.834 | 38M<x<in L T <x<350 | 5591 cxan

Signof y - + - +

Behavior \ . 3 .
ofy Decreasing Increasing D sing i g

y* =-9sin3x—16cos4x

Using graphing techniques, the zeros of ¥ in the domain
0 x<2rae x =~0.542, x = 1.266, x = 1.876,
x = 2.600, x = 3.423, x = 4281, x = 5.144 and x = 6.000.

Intervals j0 <x < 0.542(0.542 < x < $.266/1.266 < x < 1.876{1.876 < x < 260012600 « x « 3,425

Sign of ¥ - + - + -
Behavior| Concave Concave Concave Concave Concave
of y down ap down up down

Intervals 3425 <x <4281 (4281 cx <5044 (5144 <x < 6000 ] 600 <x<In
Sigr of y” + - + -
Behavior Concave Coneave Congave Concave

of y up down up down
Graphical support:

n AN
A

Hoxi .
o2 Gatnuny_ves zedonss

9
_n 2T 5, 2.5]
[ = ]byf,?.SZ 1

PN
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12. Continued 5
(@) Approximately [0, 0.176), - @0 N

0.994, »»’23’»} [2.148, 2.965), [3.834, Eg} and [5.59 1, 2::]

(b} Approximately [0.176, 0.994],

-’25, 2.148], [2.965, 3.834], and [3;—’,5.591]

b

(c) Approximately (0.542, 1.266}, (1.876, 2.600),
(3,425, 4.281), and (5.144, 6.000)

(d) Approximately (0, 0.542), (1.266, 1.876),
(2.600, 3.425), (4.28], 5.144), and (6000, 27)

(e) Local maxima at =~(0.176,1.266), (%’ 0}

and (2.965, 1.266), (gg—, 2} and (2xm, 1)

local minima at = (0, 1), (0.994, - 0.513),
(2.148, ~0.513), (3.834, —1.806), and (5.591, —1.806)

Note that the local extrema at x = 3,834, x = %ﬁ,

and x=5.591 are also extrema.

() = (0.542, 0.437), (1.266, ~0.267), (1.876, ~0.267),
(2.600, 0.437), (3.425, -0.329), (4.281, 0.120),
(5.144, 6.120), and (6.000, -0.329)

2
(b} (—eo, 0)and] ~w=, oo
§ [J; )

(€} (-2, 0)
(@} (0, )

(e) Local maximum at [m%-, ~1—~6——
NN
(f) None. Note that there is no point of inflection
at x = ( because the derivative is undefined and no
tangent line exists at this point.

]z (1.155, 3.079)

4.y =52 + 727 +10x+ 4

Using graphing techniques, the zeros
of y are x = —0.578 and x = ~1.692.

0578 <x
Intervals | x<-0.578 <1692 1.692<x
Sign of vy - + -
B(«:(l)'l; ;mr Decreasing Increasing Decreasing

¥’ =-20x° +14x+10
Using graphing techniques, the zeros of y” is x = 1.079.

g 0
13, v=d"¢ s X<
g {4 ~3x%, x>0
Intervals ) 2
x<0 b<x<— —<x
Vi | 3
Sign of - + _
Behavior D . I . D .
of ¥y eCreasing ncreasing ecreasmg
)’” " e , x>0
—6x, x<(
Intervals x<{ O<x
Sign of y” + -

Behavior of y

Graphical support:

Maximpm

EK:!.I.S'I?ODS V=3.070201%
[-4, 4] by [-2, 4]

Concaveup | Concave down

Intervals x<1079 - 1.0M9<x
Sign of y* + ~
Behavior of y Concave up Concave down
Graphical support:

B

e T00s fezosipens
[~4; 4] by [-10, 25}
(a) Approximately [~0.578, 1.692]

(b) Approximately (—o, —0.578]and [1.692, o)

{¢) Approximately (—e», 1.079)

(d) Approximately (1.079, o)

{e) Local maximum at= (1.692, 20.517) local minimum

at=(-0.578, 0.972)
D ={1.079, 13.601)
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185.v= 2545 _ x5

ro 8 s 9 s 89x

y E=—3
5 3 53x
8 8
Intervals x<0 O<x<— — <X
9 9
Sign of ¥ - + -
Behavior . . .
of y Decreasing Increasing Decreasing
w_ 8 s 36 ys _42+49x%)
e g e i T =
25 25 2556/
2
Intervals b e 5 <0} O<x
9 9
Sign of y* + - -
Behavior Concave Concave Concave
of y up down down
Graphical support:
Maxiam
3=80BAEES |y=t.0141063

{~4,41by -3, 3]

8
o

&
(b) (-2, 0] and [—5, )

2
(C) ( a'—"é“)

@ (—g 0} and (0, o)

{e} Loocal maximum

9’9
at (0, 0y

4/5
2 20 2 2
{f) [—5, 5" (_EJ }ﬁ(_g, 0.667]

415
at(S }-9— . (g] ]::(0.889, 1.011); local minimum

16. We use a combination of analytic and grapher techniques to

solve this problem. Depending on the viewing windows

chosen, graphs obtained using NDER may exhibit
strange behavior near x = 2 because, for exampie,

NDER (y, 2) = 5,000,000 while ¥ is actually undefined at

x=2.The graph of y=

S5—dx+4x —x°
x-2

\
<

]
Lt SR T

{~5.875, 5.875] by {-50, 30]

t

is shown below.

_ (x =2 (4 +8x~3x2)~ (5~dx+4x° - x°)(D)

w2 +10x% - 16x

(-2
+3

(x-2)°

The graph of ¥ is shown below.

\

{~5.875, 5.875] by [-50, 30]
The zero of ¥ is x = 0.215.
Intervals x<0.215 0215<x<2 2<x
Sign of ¥’ + - -
Behavior . . .
of y Increasing Decreasing Decreasing
(x—2)"(~6x% + 20x ~16)~ (-2x +10x* ~16x+3)
” (2fx-2)
Y p
(x—2%)

(%~ 2X-6x" +20x — 16)— 2(=2x> +10x* —~16x+3)

(x=2°

_=2x* —6x% +12x~13)

(x-2)°

The graph of y” is shown below.

\

o

2ere
HER PREHPEY Ping

[-5.875, 5.875} by [-~20, 20]
The zero of x° — 6x” +12x~13 (and hence of y”) is

x= 3710,
Intervals x<2 2<x<3710 | 3.710<x
Sign of y” - ¥ -
Behaviorof y | Concave down Concave up Concave
down

N

VN



16: Continued
(a) Approximately (oo, 0.215]
(b) Approximately {0.215, 2) and (2, <)
(c) Approximately (2, 3.710)
(d) (oo, 2) and approximately (3.710, =)
{¢) Local maximum at =~ (0.215, -2.417)
() = (3.710, -3.420)

17,y = 6(x + 1)x —2)*

Intervals x<-1 -l <x<2 Z<x
Stgnof y* - + +
Behavior . . .
Decreasing Increasing Increasing
of y
¥ = 6(x+ D) {x— 2y +6(x~ 27
=6(x—D[(2x-+2)+(x - 24
=18x(x—2)
Intervals x<0 O<x<c?2 Zex
Sign of y* + - +
Behavior Concave Concave Concave
of y ap down up

(a) There are no local maxima.

(b) There is a local {and absolute) minimum atx=-1.

(¢) There are points of inflection at x =0 and at x =2.

18. ¥ =6(x+1D(x-2)

Intervals x<—1 ~-1<x<2 2<x
Sign of y’ + - +
Behavior . . .
Ircreasing Decreasing | Increasing
of y
¥ = Ewﬁ(xz —xe2y= 6(2x-1)
dx
1 1
Intervals X<~ — <X
2 2
Sign of y* - +
Behavior of ¥ Concave down Concave up

(a) There is & local maximum at x =~1,
(b) There is a local maximum at x= 2.

{c) There is a point of inflection at x= é

Chapter 4 Review

19. Since 4 —-—1~x"4~e“" =x7 +e¥,
dxl 4
f(x)zwlx"‘we"‘-z—c.
4
20, Since %mx=secxtanx,f(x)=secx~i~€.

21. Since 4 2nxbax =3+x2+1,
dx 3 x

f(x):ﬁmx+—§-x3+x+c.

22. Since g—[g-xy2 +2x42 J = \/;+i,
dx\3 Jx
flx)= i—x‘m +2x7% ¢

23, flx)=—cosx+sinx+C
fim)y=3
1+0+C=3
. C=2
Jixy)=—cosx+sinx+2

24. f(x)=i~x4f3 +§~x3 +~;~x2 4x+C
fH=0

4

locle, 31
2 i2

25, v()=5"(t)=9.8r+5

SO =492 +5¢+C
s(0)=10
C=10

S(H=4.9 +5(+10

26. a(t)=v'()=32
v(#) =32t +C,
v{0) = 20
C =20
V() = 57 () =32t + 20
5()=16* + 201+ C,
=35
C,=5
s(f)=161> +201+5

225
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27. f{x)=tanx
Fiixy=sec’x

=2x+Z
2

28, f(x)=secx
fi(x)=secxtanx

i

K

= 2+x/—2—(1}(x—:{}

1
i+tanx
F(x) =1+ tan x) fsec? x)
1

cos? x(1+ tan x)2
1

29. f(x)=

(c:esx+si;r1x)2

L{x)= f(O}+ f{OYx-O
=]1-Hx-0)
=—x+1

30, flx)=¢" +sinx
F(x)=¢e" +cosx
Lix)= {0+ f(0Xx~0)
= 1+2(x~0)
=2x+1

31. The global minimum value of % occurs at x =2,

32. (a) The vakues of y" and y” are both negative where the
graph is decreasing and concave down, at T, '

{b) The value of ¥’ is negative and the value of y” is
positive where the graph is decreasing and concave up,
at P.

33. (a) The function is increasing on the interval (0, 2].

(b) The function is decreasing on the interval [w3,0).

(¢) The focal extreme values occur only at the endpoints of
the domain. A local maximum valoe of 1 occurs at
x=—13, and a local maximuam value of 3 occurs at

x=2.

34. The 24th day
35, ¥
2 -
A_/T\l I 1 Lyy
-3 \ 3
\jmﬂx)
—3p

36. (a) We know that fis decreasing on [0, 1] and increasing on
{1, 31, the absolute minimum value occurs at x= 1 and
the absolute maximum value occurs at an endpoint.
Since (=0, fF(1) =2, and f(3)= 3, the absolute
minimum value is —2 at x = | and the absolute
maximum valueis 3atx = 3.

(b) The concavity of the graph does not change. There are
no points of inflection.

©: - 2.

P

37.(a) f(x) is continuous on [0. 3, 3] and differentiable
on (G. 5, 3).
b f'x= (x)(}—}-(lnx)(l) =1+lnx
x
Using a =15 and b= 3, we solve as follows.

ren - 3~ F0.5)
FO="5"0s

L e J3-051n05
2.5

33
m{o 5"5)
Ing=-——"*-1

2.5

Ine=0.41n(27v2) -1
c= e“l(z’hﬁ )0'4
c=e"31458 =1.579

(¢) The slope of the line is

m= w =04 1n(27\6}0.2 In 1458, and the line
-

passes through (3, 3 In 3). Its equation is
y= 0.2(In1458) (x - 3)+ 3 In3, or approximately

y=1457x-1.075.

FaN

e



37, Continued

(d) The slope of the line is p1=0.2In1458, and the line
passes throwgh
(e, fle)=(e"! ¥1458, ¢! Y1458(~1+0.2 1n 1458)
= (1.579, 0.722).
Hs equation is
y=0.2(n 1458 (x~ )+ flc), |
y=0.2In 1458 (x— e ¥1458)

+e-n1{'ﬁ275§(_1 +0.2 In 1458},

y=0.20n 1458)x ~ ¢71 31458,
or approximately y=1457x ~1.579.

38. (a) ()= s"(t) = 4 — 61— 3
b alt) =V ()=—-6~6¢
{c) The particle starts at position 3 moving in the positive
direction, but decelerating. At approximately
t =0.528, it reaches position 4,128 and changes
direction, beginning to move in the negative direction.
After that, it continues to acceferate while moving in the

negative direction.
39, (@) L{x)= f(0)+ f(OXx—0)
-] Oy — 0) =1

M) f6.D)=L0.D)=~1

{¢) Greater than the approximation in (b), since f'(x) is
actually positive over the interval (0, 0.1) and the
estimate is based on the derivative being 0.

40. (a) Since -31 = (") + (€ W2x0) +(2x— xD)e
X
dy={(2x~x2)e " dx.

(b dy = [2(1)~ (1" K 1 )0.01)

=0.01e!
= (L0368
41. (a) With some rounding, y= . 1633001.59
1417 4717000978

b)

[0, 80] by {0, 16000003
1633001.59
1+ 17.47 1700637869

© y= +829,210 = 2,305,337
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(d) Using the Second Derivative, we find the maximum rate
of growth about 1885. We find a point of inflection
here, which shows the begining of a decline in the rate
of growth.

e) yu= 163300159 ~ 2,462,000, which is the
1+417.471¢ 053780

approxiate maximum population.

(f) There are many possible causes. Advances in
fransportation began drawing the population southward
after 1920, and Tennessee was well-situated
grographically to become a crossroads of river, railroad,
and automobile routes. By the year 2000 there had been
numercus other demographic changes. ¥t should be
pointed out that the census years in the data
(1850-1910) include the years of the Civil War and
Reconstraction, so the regression is based on unusual
data.

42, fxy=2cosx—1+x

F(x)=-2sinx—

W1+ x
f(x,)
xm»l = W g
Fix,)
2cosx —.Jl+x
- _ 13 "
n
—23in x, - ——i—mm

21[1-1- x,

The graph of y = f (x) shows that f(x) = ( has one solution,
near x = 1.

VA

P2, 10] by [~6, 2]

o

x, =1

= (.8361848
x, =0.8283814
x, = 0.8283608
xg = (.8283608

Solution: x = 0.828361

43. Let ¢ represent lime in seconds, where the rocket lifts off
att=0. Since a(t)=v'(1) =20, m/sec® and
v{0) = 0 m/ sec, we have v(f) = 20¢, and so
v(60) = 1200 m/sec. The speed after § minute (60 seconds)
will be 1200 m/sec.

Bow o =
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44, Let rrepresent time in seconds, where the rock is blasted

upward at 7 = 0. Since a(?) = v'(#) = -3.72 m/sec 2 and

wW0) =93 mfsec, we have v(r) =-3.72+93. Since

8'(#) = —3.72¢ + 93 and 5(0) = 0, we have _

s(t) = —1.86¢° + 931, Solving v(z) = 0, we find that the rock
attains its maximum height at ¢ = 25 sec and its height at
that time is §(25)=11625 m.

45, Note that s =100—2r and the sector area is given by

A= n'rz(é—s——] = %rs = é—r(iOD— 2ry=50r—7r°. TFo find
Y

the domain of A(r)=50r—r>, note that r >0 and
0< < 27r, which gives 12.1 é—ij—(-)—l <r <50. Since
T+

4'(r)=50-2r, the critical point occurs at » = 25. This
value is in the domain and corresponds to the maximum
area because A”(#}= -2, which is negative for all . The
greatest area is attained when r=25ftand s =50 ft.

For O<x <27, the triangle with vertices at (0, 0) and

(&x, 27 - x*) has an area given by
Alx)= %(Zx)(Z’z' —x%)=27x—x". Since

A’ =27-3x% =3(3- xX3+ x) and A” = -6, the critical
point in the interval (3, 1f27) oceurs at x =3 and
corresponds to the maximum area because A”(x) is

negative in this interval. The largest possible area
is A(3) =54 square units.

47. If the dimensions are x ft by x ft by k ft, then the total

amount of steel used is x° +4xh £°. Therefore,
108~ x2
4x

x*+4xh=108 and so h = - The volume is given

_108x-x°

by V(x)=x*h= =27x—0.25x". Then

V/(x) =27~ 0.75x* = 0.75(6 + x)(6~ x) and
V”{x)=~1.5x. The critical point occurs at x = 6, and it
corresponds to the maximum volume because V¥(x) <0
for x > 0. The corresponding height is 108-6"

4(6)
base reasures 6 ft by 6 fi, and the height is 3 ft.

=31 The

48.

49,

50.

If the dimensions are x ft by x ft by & ft, then we have:

x*h=32 andso h = —3—% Neglecting the quarter—irich
x

thickness of the steel, the area of the steel used is

Alx)= 2+ dxh=x* +@. We can minimize the weight
x

of the vat by minimizing this quantity. Now

A =2x-128x7% = %(ﬁ —~ 4%) and
X

A"(xy=2+256x"°, The critical point oceurs at x = 4 and
corresponds to the minimum possible area because

32
A”(x) >0 for x > 0. The corresponding height is Zz— =2 fi,

The base should measure 4 ft by 4 ft, and the height should
be 2 ft.

nY h?
We haver2+(5] =3,50 P = 3—-—I.We wish to

minimize the cylinder’s volume

2 3
v=nr2h=x(3m%Jh=3th% for 0 < h <243,
2
Since L = 3p 30 34’5(2+ KX2— k) and
d*v

5= w%}i, the critical point occurs at =2 and it
dh

2

a4V
corresponds to the maximum value because — <0 for
dh

22
h = 0. The corresponding value of ris 3——2‘— :\6. The

largest possible cylinder has height 2 and radius \E
-h

Note that, from similar cones, é = 12 , 80 A=12-2r.
The volume of the smailer cone is given by

v=lnine %ﬂr2(12w2r) = 47rr* mg’fﬁ for0<r<6.
Then i‘; =8gr—2mrt = 2rr(4—7r), so the critical point

oceurs at r = 4, This critical point corresponds to the

maximum volume because %‘{" >0 for O<r<4 and
e

%;Z <0 for 4 <r<6. The smaller.cone has the largest

possible value when r=4 ftand h =4 ft.
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5L T 53. The cost (in thousands of dollars} is given by
Lid C(x) = 40x +30(20— y) = 40x + 600 ~ 30y x2 — 144,

A 30 30x

i Then C’(x) = 40 — —mtememees (2) = 40 — —

[

T I ' 2y 144 Va? 144,
: Base : Solving C'(x) =0, we have:
————————————————— . 30x

[ X =40

X

l|_x_ ot Vx? ~144

1o 15 in. i 3x w4y x? 144

(@) V{x) = x(15 2xX5x) 9x% =16x% - 2304
2304 = Tx*

Choose the positive solution:

(b, ¢) Domain: 0 <x <5

x= +—4§ = 18.142 mi
J7
s vesgoipuy y=x*-12% = —3—6_— = 13.607 mi
7
The maximur volume is approximately 66.019
and it occurs when x = 1.962 in. 54, The length of the track is given by 2x+2zr, so we have
2x+2nr =400 and therefore x =200 —zr. Then the area
(d) Note that V(x)=2x’ ~25x% + 751,  of the rectangle is
so V'(x)=6x% —50x+75. Alr) =2
=2r(200—-7r)

Solving V’'{x)= 0, we have 200

e —— _ 2 200

. SOi (_50)2 ”4(6)(75) _ 50:{:% --4001" 2y N forO<r< 7 .
2(6) 12 Therefore, A'(r) = 400 —47zr and A"(r) = ~47, 50 the

_50210V7 _ 25£5V7 :

s . 160 S
critical point ocours at r =~ m and this point

12 6 2
These solutions are approximately x= 1962 and x = 6.371, corresponds to the maximum rectangle area because
so the critical point in the appropriate domain occurs at A"(r) <0 foralt r.
25 5‘/; The corresponding value of x is
= ' 100
6 x=200-7| = |=100 m.
7
The rectangle will have the largest possible area when
x=100m and rnl-qg m
i

55. Assume the profit is k dollars per hundred grade B tires and
2k dollars per hundred grade A tires.

Then the profit is given by

P(x)= 2 + k- 20710%
—X

. —Zk-(20~5x)+x(5_x)

For( < x<~—,the area of the rectangle is given by B 5y
3 20-x*

A(x)=(2xX8cos 0.3x) = 16x cos0.3x. =2k ——
Then A’(x) = 16x(~0.3 sin 0.3x) + 16(cos 0.3x)(1) 2

= 16(cos 0.3x—0.3x sin 0.3x) Py=2ke Wx)(ng - ‘fS =)D

-X

Solving A’(x)=0 graphically, we find that the critical 22 105+ 20
point occurs at x~2.868 and the corresponding area is =2k mm(i—-x)z

approximately 29.925 square units.
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55, Continued

The solutions of P"(x)z 0 are

10+ /(-10)* - 4(1)(20
X -10) W )=SiJ§,sothesolutiosinthc

B

appropriate domain is x =5~ \/g = 2,76,
Check the profit for the ¢ritical point and endpoints:
Critical point:  x =276 P(x)=11.06k
End points: x=0 P(x)=8k

x=4 P(xy=8k
The highest profit is obtained when x = 2,76 and y = 3.53,
which corresponds to 276 grade A tires and 553 grade B
tires.

56. (2) The distance between the particles is | f()} where

F@y=—cost+ cos[t o+ %) Then

f’(t)ﬂsint—sin[wg]

Solving f'(#) =0 graphically, we obtain ¢ = 1.178,
t = 4,230, and so on.

m
| N
E:aai—'ﬁ?ann?z $20
[, 2] by [-2, 2]

Alternatively, f'(£) =0 may be solved analyticaily as
follows.

ty=sinl [ 147 )% |wsin| [ 1+ Z )4+ &
f(t)—sm[(ws] 8] sxn[(t%s]-kg}
=[sin[t+£]cos£—cos(z+£]sin£]

8 8 8 8
—[sin(t+£)cos£+cos(t~é~ﬁ)sin£j|

3 8 8 8

z~«2sin£cos t+£
8 8 )

so the critical points occcur when

cos(t-i— E) = 0,0rt = 3—875 + k7. At each of these vélues,

fio= i2cos§§~ = 10,765 units, so the maximum

distance between the particles is 0.765 units.

(b) Solving cosr= cos[: + %:w] graphically, we obtain
t= 2749, = 5.890, and so on.
v

Inteysection
BeE CHERRTE Ve B2ZRTAS

[0, 27 by -2, 2
Alternatively, this problem may be solved analytically

as foliows.
i
CO8t = oSy £ +—

8/ 8 - 8) 8
cos(r+£]cos£+sin(m£]sm£zcos('t+£]cos£
8 ] 8 8 8 8
-sin(m«ﬁ‘)sing

8 8

T o
2¢m} t+— {sin-~=0
( 8] :

n
sinl £+ — me
Sii’i( 8}

7
tm—+ kT
8

The particles collide when ¢ = Zéi = 2.749 (plus multiples

of zif they keep going.)

57. The dimensions will be x in. by 10 - 2x in, by 16 - 2xin,,

50 V() = x{10-2(16 - 22) = 4% - 5227 + 160x for
0<x<3,

Then V' (x) = 12x% ~ 104x + 160 = 4(x — 2)(3x — 20), so the
critical point in the correct domain is x = 2.

This critical point cortesponds to the maximum possible
volume becanse V/(x) > 0 for 0 <x < 2 and V' (x) < 0 for

2 < x < 5. The box of largest volume has a height of 2 in,
and a base measuring 8 in. by 12 in., and its volume is

144in°

Graphical support:
RN pope

{0, 51 by [-40, 160}

P

AN



58. Step 1:
r = radivs of circle
A = area of circle

Step 2:

At the instant in question, 531 = —g—m/sec and =10 m.
!

T
Step 3:
We want to find %
dt

Step 4:
A=nr’

Step 5

dA dr

Sl 271-'»........
dr dt

Step 6:

“. 21:(,10)(~ 3) =40
dt T

The area is changing at the rate of 40 m®/sec.

59, Step 1:
x = x-coordinate of particle
y = y-coordinate of particle
D = distance from origin to particle

Step 2:
At the instant in guestion, x=5m,y=12m,

g.xw =] m/fsec, and EX = —Sm/fsec.
dt ot

Step 3:

We want to find j‘B
dr

Step 4: -
D=qx"+*
Step 5:
dy

2x—+2y—
dt dr

ap_ 1 {dx dy}_‘”}}””;}"{

d B Wfx? +y2
Step 6:

dD_(ED+AYES) _

e 5y

Since %_Q is negative, the particle is approaching the
t

origin at the positive rate of 5 m/fsec.

Chapter 4 Review

60, Step 1:

61.

x= edge of length of cube
V= volume of cube

Step 2:
At the instant in question,
% = 1200 cm®/min and x = 20 cm.
Step 3.
We want to find E
dt

Step 4:

V=x>
Step 5

d

av 3% dx

dt dr
Step 6:

1200 = 320 &

dt

fd—x—- =1 cm/min

dt
The edge length is increasing at the rate of I cm/min.
Step 1: '

x = x-coordinate of point

¥ = y-coordinate of point

D = distance from origin {0 point
Step 2.

e

231

At the instant in question, x = 3 and %2 =11 units per sec.
t

Step 3:
‘We want to find -@
dt
Step 4:
Since D? = x* é‘yz and y= x3/2, we have

D=x*+x" forxz0.

Step 5:

LSRR R PR ¥ Y

dt Wit x® dt
2x4+3x% dx  3x4+2 dx
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61. Contineed
Step 6
_33)+2dx

o a

dx .
-~ = 4 units per sec
dt

11

2h

62. (a) Since Emm, we may wrie hzéi ory =-—,
r 4 2 5

(b) Step 1:
h = depth of water in tank
r = radius of surface of water
V= volume of water in tank

Step 2

At the instant in question,

%:—5&%@:1 and k=6 ft.
¢

Step 3:

We want to find m@-.

dt

Step 5:
..‘.i,...‘fm - inhz iifi
dr 25 dt

Step 6

5= 4 76 dh
23 dt

f?_}f = ——1—?—5— = —).276 ft/min
dt iddmw

Since —gﬁ is negative, the water level is dropping at the
t

positive rate of = (0.276 f/min.

63, Step 1

r =radius of outer layer of cable dn the spool
8 =clockwise angle turned by spool
s = length of cable that has been unwound

Step 2:

At the instant in question, E‘ﬁ =6 fifsecand r=1.2ft
t

64.

65,

Step 3:

We want to find ﬁ
dt

Step 4:

§ =70

Step 5:

. . . ds
Since r is essentially constant, :lw = e
t

46
dr

Step 6:

de

6=12—

dr

ﬂﬁ =5 radians/sec

dt

The spool is turning at the rate of 5 radians per second.
alty = V() =—g=-32 fifsec®
Since w(0) = 32 fifsec, (1) = &'() = 32t +32.

Since s(0) =~17 &, 5(f) = —16¢> + 32¢—17.
The shovelfui of dirt reaches its maxiraum height when

v(#) =0, at t = 1sec. Since s(3) = —1, the shovelful of dirt is

still below ground level at this time. There was not enough
speed to get the dirt out of the hole. Duck!

d

We have V = %nrzh, 50 & %nrh and dV = —i-mh dr.

dr

When the radius changes from a to @ + dr, the volume

change is approximately dV = %?mh dr.

66, (a) Let x = edgé of length of cube and § = surface area of

cube. Then S =6x°, which means gx'g— =12x and

dS=12x dx. We want |ds} < 0.025, which gives

125 dx[ <0.02(6x%) or |dx| £ 0.01x. The edge should be

measured with an error of no more than 1%.

{b) Let V = volume of cube. Then V= x°, which means

% =3x? and dV = 3x%dx. We have tdx| <0.01x,

which means l3x2dxl <3x%0.01x) = 0,03V,

50 |dV| <0.03V. The volume calculation will be

accurate to within approximately 3% of the correct
volure,

SN



67. Let C = circumference, r = radius, S = surface area, and
V = volume.

(a) Since ¢ = 2xr, we have %C—‘ = 27 and so dC =27 dr.
r

dr
s

O4cm
10cm

dC

2mdr
2y

=0.04 The

Therefore,

calculated radius will be within approximately 4% of
the correct radius,

(b) Since § = 47r’, we have s =8y and so

dr
dS = 8nr dr. Therefore,
95 _|BErdr_2dr) 0,04y =0.08. The
Ay 4y’ r

calculated surface area will be within approximately 8%

of the correct surface area,

> wehave v 4mr? and so

(c) Since V = —%?Ir
3 ¥

dV = 4xr® dr. Therefore

4zrt dr

dv

Vv

3dr

r

£3(0.04) = 0.12.

3

4
— ¥
3

The calculated volume will be within approximately
12% of the correct volume.

+20

68. By similar triangles, we havewzw =2 , which gives

ah= 6a+120,0r h =6+120a"" The height of the lamp
post is approximately 6 +120(15)"" = 14 f. The estimated

error in measuoring @ was

]dal <tin = ——1— ft. Since @- = 12042, we have
12 da

!dhlwl—IZOa”2 dal < 1200572} L |= 2 £, 50 the
12) 45
. . ., 2 8 .
estimated possible error is+— ft or £ — in.
45 15

d . . ,
69, Exz =2 sin x cos x—3. Since sin x and cos x are both
between land -1, the value of 2 sin x cos x is never greater

than 2. Therefore, % £2 —3=-1 forall values of x.

. dy . . .
Since ?di“ is always negative, the function decreases on

every interval.
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70. (a) f has a relative maximum at x=~2. This is where
F(x)=0, causing f* to go from positive to negative.

(b) f has a relative minirmum at x = 0, This is where
F(x)=0, causing f to go from negative to positive.

{¢) The graph of fis concave up on (-1, 1) and on (2, 3}.
These are the intervals on which the derivatives of fare
increasing.

(d) ¥

-3 3
T{a) A=nr
— 2= 27Ty
dt 3) 3
(b) dA=4dV
i7z=—mr2c1‘h
303
in—lx(zfdh
373
dh_in.
dt sec
4, 2
{C) dA-—h:im:fiygl&m

dn 1 3
72. (@) Za+4b=60
b=15-2q
V=math=ra*{15-2q)
av 3na’

"5;2 30mwa - )

2
30ma = 3na

a=20
2(20+ 4b = 60
b=5

(b) The sign graph for the derivative %‘{ = %CEQO —a) on
. da

the intervai (0,30) is as follows:
+ .

l

I

0 20 30
By the First Derivative Test, there is a maximam at
x =20,
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Chapter s

The Definite Integral

Section 5.1 Estimating with Finite Sums
(pp. 263-273)

Exploration 1 Which RAM is the

Biggest? '

1

MRAM > RRAM > LRAM

3. RRAM > MRAM > LRAM, because the heights of the
rectangles increase as you move toward the right under an
increasing function.

4, LRAM > MRAM > RRAM, because the heights of the
rectangles decrease as you move toward the right under a
decreasing function.

CQuick Review 5.1
1. 80 mph « 5hr =400 mi
2. 48 mph » 3hr=144 mi

3. 10 fifsec? » 10 sec = 100 fifsec
_lmi 3600 sec
5280%  1h
3600 sec . 24 hr . 365 days
1hr 1day Tyr

100 fifsec = 68.18 mph

4. 300,000 km /sec « «lyr

=9.46x10" km
5. (6 mph)(3 h)+(5 mph)(2 h) = 18 mi+10 mi = 28 mi

6. 20 galimin » 1 b o SO0 1200 gat

7. (-1°C/h)y(12 h)+(1.5°Cy{6 h) = -3°C

’36003300 24 h
ih 1 day

9, 350 people/mi” « 50 mi* = 17,500 people

8. 300 f*/sec +1 day = 25,920,000 &2

3600 sec

10. 70 times/sec » +1h«0.7=176,400 times

Section 5.1 Exercises

1. Since v{#) = 5 is a strait line, compute the area under the
curve,
x=()vir)=(4) (5) 20
2. Since v() = 2t + 1 creates a trapezoid with the x-axis,
compute the area of the curve under the trapezoid.
A=§m+w
gmp=0=y()=20+1=1
b=t=4=v(d)=2(4)+1=9
h=4
4
A= 5 @+1)=20

3. Bach rectangle has base 1. The height of each rectangle is
Found by ysing the points £ = (0.5,1.5,2.5,3.5) in the
equation W) 2 +1. The area under the curve is
approximately 1(% 13 29 + 53) 25, so the particle is
close to x = 25.

4. Each rectangle has base 1. The height of each rectangle is
found by using the points y=(0.5,1.5,2.5,3.5,4.5) in the
equation v(f) = ¢2 +1, The area under the curve is

approximately 1 5 13 29+53 85
PP e VI E

particle is close to x = 46.25.

] 46. 25, s0 the



