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Practice: Related Rates (3E) .

Solve related rates problems in a variety of pure and applied contexts (e.g.
3E | balloon, "car", ladder, shadow, cone, kite) and explain how implicit
differentiation is involved in finding the solution.
- o . ) (%3 The x-coordinate of the point P shown in ¥igure 3.17
— B e AT increases at a rate of 4 cm/h. How fast is the area of the right
;::1, A cube is expanding with time. How is the rate at which triangle OPA increasing when P has coordinates (8,2)?

" the volume increases related to the rate at which the length of -

a side increases? |

9. 7. The volume of a rectangular box is ¥ = xyz. Given that '
r"each side expands at a constant rate of 10 ¢cm/min, find the
rate at which the volume is expanding when x = 1 cm, .
y = Z\r:m, andz=3cm. .. -

L2 AiiJlate in the shape of an equilateral iriangle expands !;
with time. The length of a side increases at a constant 1ate |
of 2 cm/h. At v7hat rate is the area increasing when a side

is 8 cm? ' DGURT 517
(% . In Problem 3 at what rate is the area increasing at the )
instant when the area is +/75 cm®? : L2+ A suitcase is carried up the conveyor belt shown in Fig-
L A rectangie expands with time. The dizgonal of the rect- ‘ ~ ure 318 at a rate of 2 fi/s. How fast is the suitcase rising?

angle increases at a rate of 1in/hand the length increasss ata
raté of 4 in/h. How fast is its width increasing when the width
is 6 in and the length is 8 in?

| 2 . The lengths of the sides of a cube increase at a rate_of
5 em/h. At what rate does the length of the diagonal of the
cube increase?

ol A boat is sailing toward the vertical clif shown in Figure
J 3.16. How are the rates at which x, s, and § change related?

(M . Inthe adiabatic expansion of air, pressure P and volume
V are related by PV# = k, where k is a constant. Ata certain
instant the pressure is 100 1b/in® and the volume is 32 in®, At

‘what rate is the pressure changing at that instant if the volume
is decreasing at a rate of 2in®/s?

L‘l-‘; . A stone dropped into a still pond causes a circular wave.
Assume the radius of the wave expands at a constant rate
of 2 ft/s. :

{a) How fast does the diameter increase?

LH . The total resistance R in a parallel circuit that con-

tains two resistors of resistances R, and R, is given by 1/R = {b} How fast does the circumferenc increase?
1/R; + 1/R,. Each resistance changes with time. How are (c) How fast does the area expand when the radius is
dR/dt, dR,/dt, and dR,/dt related? . S 3R | : -
L2 . Abugcrawls along the graph of y = x* + 4x + 1, where.  (d) How fast does the area expand when the area is
x and y are measured in centimeters. If the abscissp x changes ‘ - Saft*? .
t - - - - . e 5 . 5 - .
:h a; gizl;sﬁﬂt;efgf ing( 2:‘:' lﬂgf;’m how fas; ‘z thé;f;rg .?'_, An oil tank in' the shape of a right circular cylinder of
_ P . £po = 72dius 8 m is being filled at a constant rate of 10 m>/min. Ho
_ _ _ Yese rdinate s the level of the oil rising? '
L% - InProblem 9 how fast is the ordinate changing when the 218 A water tank in the shape of a right circular cylinder of

bug is 6 cm above the x-axis? micter 40 ft is being drained so that the level of the water
ases at a constant rate of 3 ft/min. How fast is the volume

112 water decreasing?

S 1I!‘L,'mem'cle moves on the graph of y?=x+1 so that
“ii dxfdt = 4x + 4. What is dy/dt when x = 82 Pl _

13 A particle in contiavous motion moves o i g[apﬁ of LLE) \_-‘3-_ Assum&? thiat a cul:m of ice melts in such a manner that it

4y = %* + x. Find the point on the graph at which the rate of  gemnprstatns it Eubientshape; IT g volamsiof tie coss

=y 1:=.3 . > -
change of the abscissa and the rate of change of the ordinate clgiteases at a rate of 1 in°/min, how fast is the surface area of
are the same. ; 2 ' =2 tube changing when the surface area is 54 in??




T —

0 As shown in Figure 3.19, a S-fi-wide rectangular water
sk is divided into two tanks by a partition that moves in the
#iv3ction indicated at & rate of 1 in/rin as water is pumped
o the front tank-at a rate of 1 ft°/min. At what rate is the
of the water changing when the volume of the water in
front tank is 40 & and x = 4 fi? Is the level of the water

e

ng or falling at that instant?

ﬁ%\ﬁflt. 3.9

_«21‘ . Egch vertical end of a 20-ft-long water trough is an
aters] triangle with vertex down, Water is being pumped
“: 3% & constant rate of 4 {t%/min.
(s} How fast is the level b of the water rising when the
water is 1 ft désgT et
{b) If hy is the initial depth of water in the trough, show
that : '

dh 3 =12
— = V3 (h%, -+ ﬁt)

d 10 5

[Hint: Consider the difference in volumes after t
minutes.

{c} Ifhg = L1t and the height of the triangular endis 51,
determine the tirne when the trough is full. How fast is the
level of the water rising when the trough is full?
~ AL _
! A water trough with vertical ends in the foru o1 isoscsles
trapezoids has dimensions as shown in Figure 3.20. If water is
pumped in at a constant rate of 3 m*/s, how fast is the level of
the water rising when the water is } m deep?

: 1m
by
Figure 3.21 at a constant rate of 1 ft*/min.
() Atwhat rate is the level of the water changing when
the water is 6 fi deep? .
{b) At what rate is the radius of the water changing
when the water is 6 ft deep? ) : :

{e) Assumethe tank was fullatt = 0. At what rate s the
\ radius of the water changing at { = 6 min?

et

—

> Fi%ﬂ‘ e %

7%, Water leaks out the bottom of the conical tank shownin’

i/’)) %% A S-fi-tall person walks away from a 20-ft-tall street lamp

at a constant rate of 3 fifs. See Figure 3.12(b). . ~
-{a) At what rate is the length of the person_’_s shadow -
increasing? S
{b) At what rate is the tip of the shadow moving away
L2 from the base of the street lamp? '

o

7E. A 15-ft ladder is leaning against a wall of 2 house. The
bottom of the ladder is pulled away from the base of the wall -
at a constant rate of 2 fi/min. At what rate is the top of the
ladder sliding down the wall when the bottom of the ladder is
5 ft from the wail? .

Y. A L%z siring is paid out at a constant rate of 3 fi/s. I

the wind carties the kite horizontally a¢ an altitude of 200°&,
how fast is the kite moving when 400 [t of string have been
paid out? :

Li-i7. A plane fiying parallel to level ground at a constant rate
Of 608 mi/h approaciies a radar station. If the altitude of the
‘Plane is 2 mi, ow &5t is g distangs bitween the plane and
-the radar station decreasing when the horizontal distance
between them is 1.5 mi? See Figirs 3.22, ‘

F?“gure
2.2%

A
L
Tadar .
Fatlen

groutie

=

1% T _I{n Problem 27, at the point divestly above the radar
station, the plane goes into a 30° chmb while retaining the
same speed. How fast is the distance between the plane and
;ad.ar station increasing f min later? [Hing: Review the law of
cosings.] . -

g 22. A plane at an altitude of 4 km passes dicectly over a

?‘;tacking telescope on the ground. When the angle of elevation

15 60°, it is observed that this angle is decreasing at a rate of

30 deg/min. How fast is the plane traveling?

L 2o, A 'rockft is traveligg at a constant rate of 1000 mifh at an
angle of 60° to the horizontal. See Figure 3.23.
{a} At what rate is its altitude increasing?
{b) What is the ground speed of the rocket?

A

- o

L3 A tracking telescope, located 1.25 km from the point of
launching, follows a vertically ascending rocket. When the
angle of clevation is 60°, the rate at which the angle is

increasing is 3 deg/s, At

tostant? what rate is the rocket moving at{é;@e-




\jr}\ %, The volume ¥ betwesn two concentric spheres is expdad
ing. The radius of the outer sphere increases at a constant raze

of 2m/4, whereas the radius of the inner sphere decreases at a
. constant rate of  m/h. At what rate is ¥ changing when the
~.. ouier radius is 3 m and the inner radius is 1 m?

Lo 4 2%. Many spherical objects such as raindrops, snowballs, and
~ " mothballs evaporate at a rate proportional to their surface
areas. In this case show that the radius of the object decrggses
ata °°‘;§$t€f§§ﬁq(, y=ex inversedf prop: Y= %
\3 34, If the rate at which the volume of a sphere changes is
constant, show that the rate at which its surface area changes

is inversely proportional to the rudius.

Lﬁ 35, Twao tankers depart from the same floating ol terminal.
_-One tanker sails cast at noon at a rate of 10 knots. (1 knot =
" 1 pautical mile/hour. A nauntical mile is 6080 ft or 1.15-stat-
ute miles)) The other tanker sails north at 1:00 .M. at a rate
of 15 Kiots. At 2:00 r.v. at what rate is the distance between

the two ships changing? '

kﬁ’;@s.e;, A18:00 Am-chip 5, is 20km due north of ship §,. Ship S,
sails south at a rate of 9km/h and ship 5, sails west at a rate of
12 km/h. At 9:20 A at what rate is the distance between the
two ships changing? ’

Lg 7. Sand flows from the top half of the comical hourglass
shown in Figure 3.24 to the bottom half at a constant raie of
4 cm®fs. At any time, assume that the height of fhe sand is
i and that the sand has the shape of a frustum of a cons. Fx-
press the rate at which # increases in terms of .

@

\}\ ‘ .

\/ 25, The Ferris whesl shown in Figure 3.25 )revolves counter- .
clockwise once every 2 min. How fast is a passenger rising at °
the instant when she is 64 ft above the ground? How fast is
she moving horizontally at the same instant?

. -
4" Suppose the Ferris whoel in Problem 3815 equipped with

bidirectional colored spotlights fixed at various points on its
circumference. Consider the spoitisht located at poiat P in
Figure 3.26. If the light beams are tangent to the wheel at
point P, at what rate is the spot Q@ on the ground moving
away from point R when £ = z/4? )

light
bearn ‘1
Fraur €
g 3. 2%
i T T

I’H 4%, In physics the momentum p of a body of mass m that
moves in a siraight line with velocity o is given by p = mo. An
" girplane of mass 10° kg flies in a straight kine while ice builds
up on the leading edges of its wings af a constant rate of
30 kg/h. See Figure 3.27. i
{a} Atwhatrateis the momentum of the plane changing
if it is fiying at a constant rate of 800 km/h?
(b} At what rate is the momentum of the plane chang-
ing at ¢ = 1 h if at that instant its velocity is 750 km/h
and is increasing at a rate of 20 km/h??

L\X “+. A study of crayfish (Orconectes virilis) indicates that the
carapace leagth € is related to the total length T according
to the formuola C = 0.493T — 0.913, where £ and T are mea-
sured in millimeters, See Figure 3.28.

{a) As the crayfish grows, does the ratio R of the
carapace length to the totel length increase or decrease?

{b) H the crayfish grows in length at the rate of 1 mm
per day, at what rate is the ratio of the carapace to the
total length changing when the carapace is one-third of
the total length? :

L4

42, Aceording to allometric studies, brain weight E in fish is
related to body weight P by E = G.007P*3, and body weightis
related to body length L by P = 0.12L*%, where E and P are
measured in grams and I is meastiréd in centimeters, Suppose
that the length of a certain species of fish evolved at a constant
rate from 10 cm to 18 cm over the course of 20 million years.
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1. Let V be the volume and z the length of a side. Then ¥V = ¢* and —V = 377 f;
di

2. From V = oyz we find
&V _d o de  (de dy\ | de d de
& =Tt g = ( dt+z?§)+y2§¥ Va +M Pt @&

Using the given sides‘a.nd rates, we obtain %K =1-2-10+1-3-1042-3. iO = 110em?/s. .
dd /3 dz i

2
3. Let A be the area and let 2 be the 1ength of a side. Then A = iif._ and — = Z-z When
t2 Tdt’
dz dA
i Qandm—Swehav ~?it—-x—"-/-—m(B(_2)"—-8\/3-0111/h. . i
] . V3 7 dA a./_ dz ' v ‘
4. TFrom Problem 3 we ha.ve A= ) and —— e c& Smce A= /75, we have z? = 20 and

T = 21/— When = =9%cm/h and z = 25 cm dA 1/_(2\/-)(2) = Zv’—_cm

5. Let = be the length, y the width and s the diagonal of the rectangle. Then ? = 2%+ or

ds dz dy 3ds wzdz _
y_sz_:y,a.nd2ydy_23dt 2;:.*-&%- L il When ¢ = 8in and y ﬁm,.

s=10in. Then _§f_ = (1) ) = -gin/h.
. ds da: d z dz
6. Let = be the side of a cube and s the diagonal. Then 8% =32% and 2s P 6z — il 3= =

T
_ % _(5)=5vFem/h.
When dz/dt = 5 em/h, & == 3-7500) V3cem/h.

. . . dz d . . .. ds
7. sinf = /s or z = 551118. Differentiating with -respect to { gives - = s—ggsmg + (sxn!})-&—t- = b

ddg ds
. soosﬂd +sm9d—. .
8. B~1 = R;! + R;!. Differentiating with respect to f gives ' 'é
; o
dR iRk 1 42 1dR 1 dRy 1 dRp . g
~2 - RT3 — ——— e Tl s,
s B ™ Ra R: di + RZ dt < alw
. ¥ — [
0 B _E dBy B R, ]
dt R} dt ' R dt 3%
. _ .
dy dz gz - dz _ o B _5.9.304.3=24 i &
o, E:?z-a-t- +4Ti;'. When z = 2¢m and = = 3 cm/min, = 2 273+ cm/min. E—!
: =
10. When y = 6, we have 2% + 4z +1 =6, a:2+4:r:-5«'= 0, and {z + 5)(z —1) = 0. Thus z = -5, L -
' dy dz dx dz ' ' I
From Problem 9 we have — =2z — 4+ 47, 50 , for — = 3, -
dt dt dt dat :
d . T =
& =2-1-3+4-3=18cm/min and i = 2(=5)+3+4-3 =18 cru/min. i
dt |z=1 ‘ dt |ly=—5 . = ]
) I ﬁl
0 e
dy dz dy dxz/dt 9 _ _ . dz ~2
. 2 — e . B = 7 -+ 1 we see that for x = 8, y = A3, Since — =4z + 4, =
W Wm =g G~ gy - femy =i , & P
ho N
dy 4z 44 dy 4.8+4 dy _4-8+4 g I
wals T s = = 6 &Hd —-— —_ "'"6- -
wehave oy = =g — - Thws G| =23 dt ly=s  2(—3) 3) 5 I
[T I"ﬁ
W gl b de _ dy ] the derivat d obtain 4 =20+ 1 3/2 | é <
gl 2 e —— = t ivati = z=3/2. e
12. 4 i =2 7 + 5 Since il , we cancel the derivatives and obtain T or & ﬁ
From 4y = 2+ z we see that for x = 3/2, y = 15/16. Hence the point on the graph is (3/2,15/16). - _;qﬂ ]
| I T is th le then T = ~zy = 1o%% and %2 = 2% Yhen 2 = 8, th = 8Is
13. is the area of the iriangle then 5% 53 Pl S = en E

T30 (5) =gt

= § so¢
dr

dt

df
—2in’/s, so

4P

+ Vi

@&

dv

0 and P(1_4V°-§
32in® and -iﬂ—,
dt

’

P

di

1001b/in2, v

Vi gy

d

dt
When P

dt "
(-2} = 8.751b/in%/s.’

1.4PV%4 gy
Vii

(32)14

1.4(100)(32)%+4

P
b7

15. From PV™ = k we ohtain P




b. (a) Since D = 2r we have ET—Q =2

dr

7 Em2-2=4ft/s.
{b) Since C = 2rr, we have @© 27r-(ZZE =27 -2 =4r fi/s.
dt dt
. dA d dr
(c) Since A = 7r® we have ~— — = Whu-——th/s and r = 3 ft, ?—*‘2%‘ 3:2=
127 £%/s.
. dr
(d) Since A =zr? = 8x we haver = 2,/3. When == =21t/s and r = 2+/2 ft, df = 21(2v2)(2) =
87r\/_ft2/s
. V==r*h. Since ris a constant, differeﬁtia,ting with respect to ¢ gives %‘;— = rrh i? or %{z_ =
. ‘ 1
—L-dﬁ When r = 8m and &0 = 10m®/min, the oil level rises at a rate of dh _ 10
11';2 dt T dt ’ . et < #(BF
Ton m/mm

s V= mr'zh. Since r is a constant, differentiating with respect to 7 gives a = 7y h dh When

at

dv
r=40/2 = 201t and — = =3 /2{t/min, — 3 = 1(20)%(~38/2) = —600x f* /min. Thus the vohm:le
is decreasing at a rate of 6007 £t /min.
av d . ‘ ' |
.V =ad ’ry = 32% df The surface area of the cube is § = 622, so when § = 54, z = 3. Now
av 1 1 dz d 1 d
when =T e have ~7= 3(3)2— and d_:: = 105" From dS = 12:::(2 we use v = 3
a% 1mmnt§—m3 L) L |
T 108 P = ()( 108) ~gin/min. .
» The volume of water is V = bah, so % = 5az ik + 5h d . We are given Lid -1, & L

dt L g 19

and z = 4. From V = 40 and z = 4 we see that A = 2. Then 1 = 5(4)—-——--;—5( )i-

dh
dt

1. (a) From the Pythagorecan Theorem, s

: =h2 4+ (s/2) ors = —2\/% The volume of - ‘
2h 2072 NG
the water is V = msh(QG) = 10— \/_ h = —=. Differentiating Wxth respect to ¢t - . ;

(b)

()

1

=10 ft/min = l_l% infmin. The water is rising ' at this instant.

7

gwes dV i{/}i“f; % ;g;ez' When h =11t d—Y-=4ft3/Irﬁn, the rate at which:—_:

B . 2
the water level rises is %; = £ ft /min

20h3 '
From pa.rt (a) we see that the initial volume of water is V5 = T/? At time ¢ the volume of
Gho Int f h we saw in part (a) that V = ggh_2 Thus

WaterlsV 4+ Vg = 4t -+ \/5 1 terms- o P 7
2042 | 20k}

— =4 . Solving for & and differentiating, we find
\/5 + — \/;5,' QLVINg 1

&

dt 2 5 5

-1/2 w1/3
h= ?th and ﬂf:-l-(?t—rhﬁ) "/g=£0(‘/_t+h2) .

ﬁt—{-}- or t=

1653
5 4 4

Setting & = 5 and hg =  in part (b) we have § =

1653 |

The rate at which the water is rising when { = —

=~ 7145 min

dh V3 (V3 165\/_

=142
P ( ) = ﬁ & 0.035 fi/ min.
=165¢§/4 10 T4 T4 50

K

2%, Since the lengths of corresponding sides in similar triangles are proportional,

13f21
| pe— - Tep———

il |

(4)

(L + £)

a/h =1/2 and £ = 1+2a = 1+ k. The volume of water isV

2

4k + 2k, Differentiating gives

2h(2 + k)

i
2

-1
21 401/9)

F

m? /s, the rate at which the water level rises is

.

et
2

1

Ta

When h

A

;

minls,

1
10




23. (a) Since the lengths of corresponding sides in similar triangles are

proportmna,l
% =gor k = 3r. The volume of water is V = ~1é’—','r;r'zh = %?r (h)zh = e h3
Differentiating gives
v 1 _,dh “dh - 9 dV
FETVE T E R &

We are give: % = —1. When h = 6 the water level is changing at a rate of dh

(36)( )=
1 .

d .
(b) From kb = 3r we have -EI% = 3%7-'- , 50 when kb = 6 the radius of watr is changing at a rate of’

Cdr 1dh 1 1
CETIE 5(‘1}“)“3’;&/

{c) The 1mtlal volume of water is Vo = w1r(3) (9) = 27r ft3.

i

At time % the volume of water i‘s_s

V)=V —t=127r _t. We also have from part {a) that V = wvrrzh = %m* (3r) = =wr®

1/3 —2/3
Thus 'rrr = 2Tr—1 or r-—(27—-—) Thn—--u-:;-l (27 t) ad%

dt 3

t:ﬁ—
1

311'{27 6/m)2/?

70 —0.0124 ft/min.

24, (a) Since the 1engths of corresponding sides i m smnlar triangles are pro- .

{

. portmnal, 55" 7 + or { ==z/3. When — = 3it/s, d}ﬂ:'erenhatlng
4 _ 1dz
g_wes.a-g 53{—_{3)—1ﬂ:/s ,,
ds df dz .  dz : dt '
(b) Differentiating s = £+ gives = = +o Bince — = 3 ft/s and i.Emm (a) == 1ft/s, tpe

tip of the shadow is movmg “at a rate of %— =143 =4it/s

25. From the Pythagorean Theorem, 152 = h? + z?, Differentiating gives

- i5 Fy
dh dx dh z dz L l
9:2}12?-]-2.'53—{ OF —— 7= e e

4t kodt’ x

"Wher z = Eft‘, h =102 ft, and %?— = 2ft/min, we have

dh
= f(z) —-?ft/:mn

26, From the Pythagorean Theorem #2 = 2 + 200, Differentiating gives

, s Azoc
: d £

& & O @ Tdt’ X

We are given %—f;- = 31t /s, and when £ =400 f we have z? = 400% —200% or z = 200+/3 ft. Then

the kite moves at a rate of
e kite moves ds 400

T 20043 )

= 2+/3 ft/s.




27. From the Pythagorean Theorem, £ =3 +4. Differentiating gives
. Fro

) d
ZE%E =2z -&% or

df
d

i £ =2.5mi. Then
; dz i hnm=1.5m1,£—-2.5m1.'1‘
We are given = = —600mi/k, and whe
R}
2.5
i : ifth.
' i is decreasing at a rate of 360 mi/ N
T et — 2(2){ cos 190° = 4+ 2 4 2£. Differentiating -«

(600} = —360 mi/h.

=&

: 2 4 52
28. From the law of cosines, 2 =2"+1

gvee 33:_f+1_£_
2:1:——~-—(2€+2) of =TT E

er one rmnute the plane has travelled 10 miles. When

dt B
We are given — = 600 mif/h. A g
4+ 10° + 2(10) and ¢ = 2/31 xmi. Thus,.

£=10mi, 2" = 1300 8 3 =2
dr _10+1 600)_.__.,,59279;111/11 S 8 3
T A 2 52
L+ o4 o=
R
. - - =
20, Differentiating = 4cot §, we abtain g i g
a6 = o
dz dcs 2= & |% 2
e T o : . % L by
t dt i g 3
+3 -} 8
..... - a o §
5] v g
g =z bt = o
Converting 30° to x/6 radians, we are given — = ——. Thus, when # = 60°, o - ]
&6 o w | = 8
/ ! bl b~ ] =3 E
@—~4(csc 60")( ’r)—§f-~2791un/nu PRRN- I
dt §/7 9 - 5 s £
_ : ) = a @
-~ @
30. Let y be the altitude of the rocket, z the distance along the ground from the point of launch, and = = ] =
s the distance the rocket has travelled. ‘ . ’; % qg
. b joe2 =)
V3 dy ids ds dy 3 AT
e 3 ¢ YT g e e, = — — Py bl
(2) y=osinbl® = 3-8 — = When == = 1000, = 5 (1000) = 5004/3 mi/h. 5“ 2 ,E
' o 1 dz 1ds d dz _ _ . i y -
{(b) = =scos60° = 5% T T5E When — = 1000, — 2(1i)()()) = 500 mi/h. . l@ %‘l‘u 3
u_ )
31. Differentiating z = 1.25tan § gives o & :%
“ i o
g - g
-“1“3_125 ec2 9% Bl -
df _ (- .
Converting 3° to Eﬁ’ we are given —; T When 8 = 60°, ~ N?
‘ -4 <
H [+}]
fix 1.25(sec” 60°) ( ) = — = .26 km/s. g ti
, ) ! B a8
‘j . 4 3 4 3 ‘ . e . dV 9 dT‘o ' ,.g g
'82. The volume between the spheres is V' = 30 — 3" Differentiating gives i dxrs 5~ COE 9.
' dr; dr dri 1 dv
2 i — o =
drrrs d_tl . Tor —c—ié—’- = 2m/hr, - = —Em/hr, re = 3m, and r; = ‘1 m, we have e Ax(N(2) -

4r(1)(=1/2) = T4ar m3/h,

The volume of a sphere is V = -g-qrr Dlﬁ'erentlatmg gives i dor? fﬁ The surface area of a :

: . v _dr dv dr '
6 G drr?. g0 o = G g o ar

sphere is § = 4wr? so — S e Since we are given that i kS, we have 7 k. Thus the

“radius changes at a constant rate.




35, From the Pythagorean Theorem, z* + y? = £. Differentiating gives
2
g
d dy dt : L
e + 2y Y = %Tﬁ— . ; =

We are given %— = 10 knots and %—t = 15knots, so if l%—}@ 'At 200 PM., z =20 na,utical-";

miles, y = 15 nautical miles, and £ = /202 + 15 = 25 nautical miles. Thus

df _ 10(20) +15(15)

prials 3% = 17 knots.

36. From the Pythagorean Theorem, 2 4 y° = #%, Differentiating gives
do ,  d dt /]g
95—+ —"y= . 5
=g L 17
We are given %—t- —9km/h" and %— 12km/h. Then -j;i- = —-—2—:?—%?2 At 9:20 AM, ¥y =
20 — 4(9) = 8km, z = 4(12) = 16km, and £ = /167 + 8% = 8+/5 km. Therefore '

de 1%(16) —9(8)

= = 3+/5 km/h.
dt 85 V5 lanf
37. Using similar triangles we abserve 124 == 16—2- ory =6 - -g The volume of the ‘[
frustrum of the cone is 12 T l
2 § '
h ,
——-—-(r +6r-{-36)-—3rﬁ B +6[6—2) 436 = = b3 — 3rh? + 36xh. @
2 2 12
dv T 5 dh v 3
Then o (Zh —Grh + 367{‘) I and for Fre 4cm® /s we have
dh 4 16 /
& TR —Gnh+36r  m(h—12)F
38. Placethe origin at the center of the ferris wheel with the z-axis paralle] to the 'L Ay

ground. To find the vertical and horizontal rates, We usey = 60sinfandz= 9 K,
d » \
60 cos §. Differentiating we have — 4 _ = 60 cos 9 nd = = —60sind iq- AW

at @ dt’ 60 %
Assuming the wheel revolves counter—clockmse o \__ J :
| e

‘ t
d dz .
every two ininutes, %% = g radians per minute. Thus, —dE = 60w cos ! and Et_ = —§0rsinf. When

the passenger is 64 feet above the ground, 8 =0, sin8 = 0, and cos® = 1. Thus the passenger is
dy dz
rising — = 60x ft/min, and is moving horizontally 5= 0 ft/min.

39. Referring to the figure in Problem 38 we place the origin at the.center of the wheel. The co-

ordinates of the point P are z = 60cos# and y = 60 sinf. If the coordinates of the point
60sind -+ 64

@Q are (g,~64) then the slope of the lme through PQ is Toooniog Since this line is per-
1
pedicular to the lime throngh the center of the wheel and P, its slope is also ———ri. Splv-

tan &
60sin @ -+ 64 1 : . dg
= bt — 60cosf 4 64tand + 60sinftand and — =
& 600058 q tand for ¢ we obtain ¢ € dt

. df
[ 603m9+645e 9+60sin95ec29+6{)31n9]?. When § = =/4 and dB/dt = = we ha,K‘
dg

dt

= (60\/_4- 128)7 = 668.7 radians/min.

g f4




48.

41.

42.

(a) From —r & SOOEi-T- nd dm _ 30 kg/h we see that the momentum is changing at a Tate of

:3{10(303i 4 24,000 f{tg km/hd
{b) In this case both m and v are variables so -7 dP i i —dt— At ¢ =1 hour the mass of the
airplane is 10° + 30 = 100,030 kg and the veioc:ty is 750 km/h Thus
d—? s 100 030(20) + 750(30) = 2,023,100 kg km/h%.
{a) From R = % = %9—3-%—0—%-13 0.493 — 3113 we find ‘f;: =2 i?é?: ‘g > 0. Thus, the ratio

increases.

T
(b) To find the value of T when C == 5 ve solve %: = 0.4037T — (.913, obtaining T' = 5.718. Then

dR 0.913
28 = 2. .
T s s (5 Ay {1} 2 0.0 2.8%/day
. dL 18-10 a1
The rate of change of length is — = —55— = 0.4 cm per million years. From E = 0.007P2/% =

0.007(0.12L25%)2/3 s 0.0017L155%°T we obtain % ~ 0.0029L58567 ‘;L = 0.0020L°6%667(0.4) =

0.00115L%5%667  Tq determine the value of L when the fish was half its final body weight we note
that the final body weight is P = 0. 12(18)*5% and solve (e, 12)(18)2 53 = (0,12L%53. This gives
[, ~ 13.69 mm. Thus, the rate at which the specie’s brain was growing is

dE

b ~ 59)0-98657 oy . .
dt |z=13.69 0.00115(13.69) 0.0069 g/million years




