Calculus page 251 Solutions

1) a4 = 2nr£
dt dt

2) s = 8nr£
dt dt

3) a) le—lt/=nr2%

by Yoo 4,
dt dt

c) We must apply the Product Rule: ac’l_lt/ =qr —+2mr—h

4) a) AP _Ror ) R o dl, pdR
dt dt) dt dt dt

dl
2RI
dt dt dt J? I dt

5) —=5

ds 1( ) ) 2)—1/2 dx dy Z@ _x5+y5+z5
dt

6) A= (%ab) sinf

a4 = lab cost ﬁ+ la@+ l@b sinf = 1 abcosO ﬁ+ asinf @+ bsinf da
d \2 dt \2 dt 2dt 2 dt dt dt
7) a) 1 volt/sec
b) -1/3 amp/sec
o W 4R pdl
dt dt dt
d)12=1R=R=12 1=2 dar +12 1 = ar = > ohms/sec. Increasing, as dR/dt is pos.
dt 3 dt 2
8) A o dr 44 271(50)(0.01) = 7t cm?/sec
dt dt dt
9) a) d4 = ld—w + wﬂ = a4 = 12(2) + 5(—2) =14 cm?/sec
dt dt dt  dt

b) d—P=2ﬂ+2d—W=>d—P=2(-z)+2(2)=o cm/sec
dt “dt T dt  dt
lﬂ+ wd—w
)d=NF+w = —-= dt dt _ 12(2)+5(2) = -14 cm/sec
dt  APewt  Al44425 13




v dz dy) dx dz dy dx
10 a V = = = — = |+ — = — + RICANT _
) @) *(72) dt x(y dt : dt) dt (yz) i dt = dt = dt

Z—I; =4(3)(1) + 4(2)(=2) +3(2)(1) =2 m’ /sec

b)
DY SO SR R S D S SN AL D SV P4
dt dt dr dr dt o dt o dt

% =2(4)(=2) + 2(3)(1) + 2(3)(1) + 2(2)(=2) + 2(4)(1) + 2(2)(1) = 0 m’ / sec
x@ dy dZ
C) ds —_di dt dt from problem #5
dt \/x +y+7
ds 4)+3(-2)+2(1) O
—= = =0m/
it~ leso+4 A2

11)
V=ﬂmf3 :d—V=4nr2ﬂ
3 dt dt
a) 1007 = 4 (52) a9 | fymin
dt  d
b) dr

S =4’ :ﬁ—S o —
dt dt

as _ m(5)(1) = 40 ft*/min
dt
12) d—V—4 2 dr S = 4qr’
dt dt
. . . . dVv
"picks up moisture at a rate proportional to its surface area"= - kS
4:rcr2£=kS$4mf2£=k475r2 =ﬂ=k
dt dt dt
13)
P ox’ 44925 B 0 P g d_sds
dt dt dt xdt
dx 10

— =——(300) ~420.084 mph

di 451



14)

15)

16a)

16b)

% =x* + 90, 000:2s£—2xﬂ

§ dt dt

300 ft
ds 400(25) 20 ft/sec
dr 500

dv

‘Z (1 92)( )+ 2n(1. 9)(0201)(6)-«0.0239 in® / min.

V=lnr2h h=§l”=>l”=ih
3 4 3

2
Tofind . y=daf®n| n=t0mp = & 16 2 dh
dr 3713 27 a9

10=19 (4)2ﬂ dr_ 9 01119 m/min = 11.19 cm/min
9 di  di 256w
To find ﬂ: V=lm’2 Er =lm’3 d—V—Eﬂ: zdr
dt 37 |4 ) 4 dt 4 dt
10=3416 dr 430 01492 m/min = 14.92 em/min
4\ 3 ) dr  dr 64n
V=lnr2h h=§r=>l”=ih
3 4 3
2
Toﬁnd%: V=l 4h h—E h = dV 16nh2ﬁ
dt 3713 27 a9 dr
10=19 (4)2 dh _ dh_ 90 1119 m/min = 11.19 em/min
9 di  di 256w
Toﬁndﬂ: V=l:rcr2 gr =lJ'IZI”3 d—V—gn 2 dr
dt 3 4 dt 4 dt

10=—m — = —=——=0.1492 m/min = 14.92 cm/min
4 dt dt 64x

3(16)241 dr 30
3

0=

ds

x dx

dt



17)

18)

21) dr =2 ft/sec
dt

V=lnr2h Z=—50 L sy h=sh=Sr
3 dt h6 2 5
2
Toﬁndﬁ: V=ln Eh h=Enh3=d—V=gnhzﬁ
dt 3712 4 dt 4 dt
50=225 (5)2 dh _dh _ -8 0113 m/min = -1.13 co/min
4 dr  dr - 225m
Toﬁndﬂz V—l 2£r =£nr3:>d—V=£n2dr
dt 37 |15 ) 45 dt 15 dt
2
—50=3n 7 @:@=iz—o 0849 m/min = -8.49 cm/min
15\2) dt _dr 15n
T, , T4 DV
y=20239-)=13m2 - = -_6
37 (39-)=13my 37 a4
a) To find P, ﬂ=26nyd—y—ny2d—y
dt . di dt dt
~6=26m(8) D _ n(64) D d_ =5 0132 m/min = -1.32 cov/min
dt dt dt 208w - 64w

b) To findr: r2+(13—y)2=132:>r= 169—(13—y>2=\/26y—y2
dr 26-2y dy 13-y dy
i 2\hey—yt di a6y di

dr 13-8

wheny =8: —=—n—u-—
dr \26(8) -8

c)

(—0.0132) ~-0.0055 m/min = -0.55 cm/min

r ft 0
6 ft
x ft
a) Find % when r =10 b) Find % when r =10
cosf=0.6=60=0.927
dy dy dr
x=8 —= R
dt cosH=X=>—sin8ﬁ=M
xﬁ+ dy —rﬂ r dt r
@i Car _sin(0.927) %0 _ 10{0)-¢(-2)
: T 0
3% 4+ 6(0) =10(2) = 2 =2 fysec i 10
dt d 2 de 012

dt —sin(0.927)

=~ —0.150 radians/sec



22)

23)

24)

& _15
85 ft
68 ft di

51 ft
dx dy dc

_+ —_— —
Ya T a T

dc
5117)+ 68(1) =85—
(17)+ 68(1) = 855

£=§=11 ft/sec
&5

dt

d_y_ -20x dx

dt (1+xz)2 dt

N ~20(-2) (3)= 120 24 covsec

di (1 , (-2)2)2 B3

b & = i@@) =0 cm/sec

dt (1 " (0)2)2

b _ ﬂ(z») ~-0.00746 cm/sec

i (1 " (20)2)




25)

26)

27)

28)

d_y=2xﬁ ﬁ=10 x=3 d—y=60m/sec
dt dt dt dt

tan6=1

b
2 ﬁ_ dt ydt

0—=—"-—~L 1= 49 =1 radian/sec
dt 9 dt

dy -1 dx dx dy

= X _-_8 x=-4 =2 m/sec

éﬁ = M = ﬁ = % radian/sec
dt 5

d—V=—8 r=10 Find d—S
dt dt

S =4 = as _ Smfﬂ to find this, we need to find ar
St dt dt

V=ij'|j]/3 =>d—V=4JU’2£
3 dt dt
2dr  dr -1
— = =

dt  dr 50m
as _ n(lo)(_—l) =3 cm?/min
dt 5

—8 = 4x(10)

507

o . 8 .
So the surface area of ice is decreasing at — cm’/min

xﬂ+yﬂ=c@ Find de

dt dt dt dt
dc
5(-1)+12(-5)=13—
(=1)+12(=5) =13~
de = _—65 = -5 m/sec

dr 13



29) Find ﬁ x=10
dt

S 0 L gio3x+30= 526

16 fi s+10 16

= = N N
x+s 16 (x+s)2 dt dt dt dt

10——6(—5) 0= % = -3 fi/sec

Having done it the hard way, let’s see if we can do a little algebra to make it easier:

s =£=>16S=6x+6s=10s=6x=>s=§x

X+S 5

ds _3dx _ E(—S) = -3 ft/sec

dt 5dt 5

30)
Findé h =16t @=—32t
dt dt

50 ft s =ﬁ=>25S=23S+690=>S=345

s+30 50

S 5052 sh+ 30

s+30 50
50§=s@+ h§+30ﬁ
dt dt dt dt

5095 _ 345(—16) +a6%5 30(-16)
dt dt

4§ =-6000 = @ =-1500 ft/sec
dt dt



31) s dx dy
tanf = i sec’ 90— a6 M
y dt y

When the car is right in front of you, 6 = 0.
sec*(0) do 132(264)-0(0) _do

o 32 =2 radians/sec

l second later: x =132 ft tan(9=g=1=>(9=E
2 132

4
132(264)-132(0
seczzﬁ= ( )2 ():>2ﬁ=2:>£=lradian/sec
dt 132 dt d

32)

s mi

X mi

5=5 x=4 B__160 Y _¢ Fing &
dt dt dt

4% 4 3(0) = 5(-160) = “ = 200 mph

Since the plane is traveling in the same direction of the car, the car's speed = 200-120 = 80 mph.

33) y dy 4 o) . .
tanf == ¢=100 ft E =0 tanf= 5 = 0=0.927 0.27°/min =0.00471 radians/min

X

Y& 60(0) - so(dx)

56029% T Zd , 5ec(0.927)(0.00471) ~ — dt
X

47.0629 = —80? % ~—0.588 ft/min = - 7.06 in/min

The shadow's length is decreasing at approx. 7.1 in/min

34) tanf=2 x=20m %=lm/sec y=10 —=-2m/sec tan02%30=0.463z26.565°
X

T 20(-2)-10(1
2099 _"dr " dr (0463)ﬁ~w
x* dt 400
1 249ﬁ =~ _—1 ﬁ ~ —0.100 radians/sec = —5.734°/ min
dt 8 dt

The angle is decreasing at approx. 6° per min



33) x> =a*+b*-2abcosf cosBis constant: -0.5, sox’ =a’ +b* + ab

dx da db db da

2x—=2a—+2b—+a—+b— x=7
dt dt dt dt dt
dx

2(7)% =2(5)(14) +2(3)(21) + 5(21) + 3(14) = - 29.5 knots



