Math 19: Calculus Summer 2009

Homework 6 - Solutions

Homework scores are out of 30 points.

Please check that your solutions are correct on the ungraded problems.

Section 4.1

dA dAdr dr dA : d
—_ 2 ="> — T — — — — T
2 @A="r T T (b) = =2mr— = = 27(30 m)(1 m/s) = 607 m?/s

dt
12. (a) Given: at noon, ship A is 150 km west of ship B; ship A is sailing east at 35 km/h, and ship B is sailing north at 25 km/h,
If we let £ be time (in hours), 2 be the distance traveled by ship A (in km), and y be the distance traveled by ship B (in km),
then we are given that dz/dt = 35 km/h and dy/dt = 25 km/h. o

(b) Unknown: the rate at which the distance between the ships is changing at {©) B
4:00 pM. If we let 2 be the distance between the ships, then we want to find z y
dz/dt whent =4h. A

d i X 150 — x

(d) 2% = (150 — z)* +1* = 2zd—‘z = 2(150 Am)( d“’) + 2y di’

(€) AL 4:00 PM, = 4(35) = 140 and y = 4(25) = 100 = =z = /(150 — 140) + 100% = /10,100.

dz 1 d dyl  ~10(35)+100(25) _ 215
So 22 = = |(z — 150 = 7 21.4 km/h.
°x; T 7 [( & dt} /10,100 /101 /

14, (a) Given: a man 6 ft tall walks away from a street light mounted on a 15-fi-tall pole at a rate of 5 ft/s. If we let  be time (ins)

and z be the distance from the pole to the man (in ft), then we are given that dx Jdt =5 ft/s.

(b) Unknown: the rate at which the tip of his shadow is moving when he is 40 ft (c)

from the pole. If we let y be the distance from the man to the tip of his 15

shadow (in ft), then we want to find Edt-(a: + y)whenz = 40 ft. -
: ¥

. . 1
(d) By similar triangles ] = = 1By=6z+8y = Yy=6r = y= %

Tty
L 6 y
2 5 dx 5 25
() The tip of the shadow moves at a rate of (.'J: +y)= T+ %) =37~ i(5) = F fi/s.



d
18. We are given that -ﬁ =24 {t/s.

dy dx o
@ 2B y? = (90 —z)* +90° = zyazz(go—z)( dt) When z = 45,
dy 90—=z( dx 45 24
— VBT 1 007 = W_ T2 ) = ——=(-20) = ——,
- IB = /I5% + 907 = 45 V5,50 — ( dt) 45\/5( ) 7

/ i
90 =% s the distance from second base is decreasing at a rate of % 22 10.7 ft/s.

x

H
(b} Due to the symmetric nature of the problem in part (a), we expect to get the same answer—and we do.
dz dz dz 45 24
z_ .2 2 =9 == Wh =45, z = 45 /5,50 — 24) = == == 10.7 ft/s.
Z#=a"+90 =‘,>2z'GZ - Whena z V5, = 45\/_() 7
. d dx 2 dy da i
20, pulley lecnd—f = —1m/s, find -ﬂ_whenw:Sm. w=a+l = 2y?£'t— —2m;l-t~ =
¥
1
o8 4T _ Y% _ Y Whens =8,y = 5,50 dz _ f@. Thus, the boat approaches
b xdt T dt 8
X
the dock at @ 72 1.01 m/s.
: : ; av )
2. IfC = the rate at which water is pumped in, then v C' — 10,000, where
13y 1 . .. . T h 1 T, I
V= gr h is the volume at time t. By similar triangles, 5= % = 7= §h’ =
6
24 _ w33 dv _ 2 dh : h
V=’%'ﬂ'(%h) h=%&r = i gh I . When h = 200 cm,
d’: 20 ¢m/min, se ¢ — 10,000 = -g—(ZOO) (20) = C =10, 000 + 800900071_ A2 289,253 cm®/min.

dg .
48, We are given that =5 = 4(2m) = 8 rad/min. £ = Stand =

dt s
de _ 3.56029§€~ Whenz =1,tané = 1, s0sec?0 =1 + (1)2 - 10 3
- g7 ) 3 0]
and d =3(F)(Bm) = £ 2 83.8 kimn/min. P x

Section 4.2

8. There is no absolute maximum value; absolute minimum value is 9(4) = 1; local maximum values are g(3) = 4 and

9(6) = 3; local minimum values are g(2) = 2 and g(4) = 1.



8. Absolute minimum at 1, absolute maximum at 5,

Jocal maximum at 2, local minimum at 4

MW
}

4—2 f-2<z<0
2 fla) = 2r—1 if0<z<?

Abolute minimum f(0) = —1; no local minimim.

No absclute or local maximum.

¥

B, fz) = 2z = f(z)=221/z)+ (nz) (223 =3 2 ma=2""1-2Ing) = 1-2hz —jalnm.

Fl@)=0 = 1-2lnz=0 = lnz=21 = =z=e?~165 f(0)doesnotexist, but 0 is not in the domain
of f, so the only critical number is Ve.

# flz) =3 — 62" + 92 +2, [-1,4] Fllz) =322 ~1204+9=3{x" —dx+3) =3 —-1)(z-3)=0 & x=1,3

f(=1) = —14, f(1) =6, f{3) = 2,and f{4) = 6. So f{1) = f(4) = 6 is the absolute maximum value and f(—1) = —14

is the absolute minimum value.

58
= J/1/3.

b f@=e""" = fla)=¢e" "3z —1).80 @) =0on[-1,0] = =z

£(=1) = £(0) = 1 (minima) and f(—,/l/g) = e~ V394 V33 . 2V3/9 (maximum).



Section 4.3

8. (a) fl) =42® + 322 6z +1 = f(z)=122% 162 6=6(2>+2—1) = 6(2x — 1)(z + 1). Thus,
fll@)>0 & s<-lorz>iandf{z) <0 & -l<z<3.Sofis increasing on (—o0, —1) and (3, 00) and

[ is decreasing on (—1, ).

(b) S changes from increasing to decreasing at x = —1 and from decreasing to increasing at x = % Thus, f(—1) =6isa

local maximum value and _f(%) = —% is a local minimum valiue.

© F'(z) =24z + 6 =6(4z+1). f'(z)>0 & z>-landf'{x)<0 & z < % Thus, fisconcave upward

on (—%,o0) and concave downward on (—co, —3). There is an inflection point at (—3, f(—1)) = (-1. &)

14, () f(x) =z"lnz = f'(z) =2%1/2)+ (Inz)(2e) =2+ 2xIne = 2(1 + 2Inz). The domain of f is (0, oc), s0
the sign of f is determined solely by the factor 1 + 2Inz. f'(z) >0 ¢ lnz>-1 & z>e /2 [=0.61]
and f'{z) <0 © 0<z<e Y2 So fisincreasing on (e~'/2, o0c) and f is decreasing on (0, e ~/%).

(b) f changes from decreasing to increasing at z = e~ /2. Thus, fle™V?) = (e" Y1) 2 In(e V%) = ¢~ 1(~1/2) = —1/{2¢)
[~z —0.18] is a local minimum value.

© flley=2(1+2lnz) = fz)=z2/x2)+{(1+2lnz) 1=2+1+2Inz=3+2lnz. fz)>0 «
3+2lnz >0 < lnz>-3/2 < &>e 2 [~0.22] Thus, f is concave upward on.(e"3/2, oo} and f is
concave downward on (0,e™%/2). f{e™3/2) = (7322 Ine™%? = ¢73(=3/2) = —3/(2¢%) [= —0.07]. There isa

point of inflection at (e‘s/z,f(e_m)) = (8_3/2, —3/(2e3)).

(2% +4)- 1 —=z(22) 4z 2+m)(@2- 1)

B fz) = 332_2_4- = fllz)= (2% + 4)2 T (@242 T (a? 4 4)?

First Derivative Test: f'(z) >0 = —2<z<2and f'(z) <0 = =z>2orz < -2 Since f’ changes from

positive to negative at ¢ = 2, f(2) = 1 is a local maximum value; and since f changes from negative to positive at ¢ = —2,

f-2)= ~1% is a local minimum value.

2. (@) flz) =2*(z—1° = f@)=2*3—-1P+{z-1)° 42° =23z -1)? 3z + 4z~ 1)] =_:t:3(m - ¥
The critical numbers are 0, 1, and £. -

) F'z) =32z - V)3 (Te -4+ 23 2z - DTz —4) + 2z - 1)% -7
= z%(x — 1) [3(z — 1){(7z — 4) + 22(7x — 4) + Tx{z — 1}]

Now f(0) = f"(1) = 0, so the Second Derivative Test gives no information forz =D orz = 1.

f'(8) = (%)2($ -1){0+0+7(3)(:-1)] = (%)2(—%)(4)(—%) > 0, so there is a local minimum at = = %..

(c) f is positive on (—o0,0), negative on (0, %), positive on {2, 1}, and positive on (1, 00). Se f has a local maximum at

z = 0, a local minimum at z = 5‘7-, and no local maximum or minimum atx = 1,



72, flz}=cz+

S fl@)mem =2 f@) >0 & o>

EEBE [call this g(z)}].

1 2z
2 +3 (z? + 3)?
Now J/ is positive (and hence f increasing) if ¢ > g, so we’ll find the maximum value of g.

(22 +3)2-2-2¢-2(z+3) 20 2A?+3)[(x®+3)—42’] _ 23-32%) 6(14+2)(1-2)

g=) = @+ 9 (z? 7 3)° S @ 43P

(1, c0), and hence g has a maximum value on (0, 00) of g(1) = & = 2. Also since g{z) < 0if z < 0, the maximum i;élue

of g on (—00,00) is §. Thus, when ¢ > %, f is increasing. When ¢ = 1, f'(z) > 0 on (—o0, 1) and {1, o0}, and hence f
increasing on these intervals. Since f is continuous, we may conclude that f is also increasing on (—oo,00) ifec= 'éli- ‘

Therefore, f is increasing on {—oo, 00) if ¢ 2 %.



