Practice Related Rates

p. 280: 20-21, 23-29, 31-32, 34-35, 38

20. We are given that & — 1.6 ms. By similar triangles, - Zs y -2
dt 12 «x X
& __SAd_ 2—‘;_1'[1.1:’»}. Whenx=31@=—24(].6}:_ﬂ'6 s, so the
dt 2 dt | x dt 64

shadow is decreasing at a rate of 0.6 m/s.
. dx dv s , ,
21. We are given that? =4 fi/s andd+= Sfis. z7 =(x+y) +500° =
t t
dz dy
2z z— = 2x+ y} bt d_ Fifteen minutes after the woman starts, we have
dt dr
x =(4 ft/s)(60 s/min) =4800 ft and y=5-15-60=4500 =
z = /(4800 + 4500)* + 500° = /86,740,000, s0

dz _ [x+v}{a’x dy) 4800+4500 837 o087 fis.
" dr dr /86,740,000 ~JB674

23. We are given that ¥ =277,
(a)V =288 in’ =%ﬁ?'1:‘* 238{%) =7 =2l6=r =r=>6Iin.

(b) We are given that% =0.15 in/s,and r =6.

We need to ﬁndd—V = %;ﬁr(Sr: )ﬂ =41 ar =47(6)°(0.15)=21.6xin’/s.
dt dt dt

(c) Now we are given that fff—;/ =-3.6in’/s,with}” = 2887 in’ and r = 6.

Now‘ff—r—at adr jdr _dv 1, dr_ 36 005 000797 inss.

d dt dt 4w’  dt 476 =«
24. Let ¢ be the time in hours, x be the distance traveled by Train A, y be the distance traveled by Train

B, and = be the distance between the trains. We are given thal% =30 mph, and jy =40 mph. We

also know that at noon (time 0), x=0,and y=z=10m.
(a) At 12:30 PM,7 =1.s0 x=0+1(40)=20, and y=10+3(30)=25. Therefore the distance

between the trains at this time isz = sz +3° =207 + 257 = /1025 = 5./41 miles.

(b) z°=x"+)" :»sz——z £+2 dy:»d —l[ £+vﬁ]. At 12:30 PM,
dt dt dr dr  z\ dt dr

dZ 1550 310
200(40)+25(30)) =—— = — mph.
dr ,..!J_( (40) ( )) ,’m m p

(c) Train A is 402 miles from the intersection after a hours and train B is 10+ 30g miles from the
intersection. Their distances are equal when 40a =10+30a = a =1 hour, or | PM. At this time,

Ezl[x?ﬂﬂJ 1 (40-40+30-40) =" ~ 49.498 mph.
r T dr

d z\ 402 2



25. We are given that%= 24 fi/s.

2B

dy =2(90—: )(—d—} When x =45,
©odt dt

3 3 dy 90—x dx] 45 24
) =+J45° + 907 =454/5,s0== —— |=—=(-24)= the
) V3 di ( dr 45( )= 5

-l.:l

distance from second base is decreasing at a rate of 2—1 ~10.733 fi/s.

(b) Due to the symmetric nature of the problem in part (a), we expect to get the same answer — and

we do.

4000 = 2:F 0x® Whenx—45,2-45y5, s0Z - _04 - 22 L10733 s,
d ~dt dr 5( S5

26. A==bh, where b is the base and # is the altitude. We are given that? =1 em/min and
t

@ =2 cm®/min. Using the Product Rule, we ha‘.f'ed—ﬁI -1 (bﬁ hﬁ) When h =10 and 4 = 100,
dt dt 2\ dt dt

we have100=1h(10) = Lb=10 = b:EG,soZ:%(ZG 1+m%]:> 4= 2{}+ID%

db 4 20 =—1.6 cm/min.
dr 10
27. Givenﬁ= —1m/s, ﬁmiﬁ whenx =8 m. pulley
dt dt
dy :ix dx vy Y
Pe=x 4l 2y—=2x—= — =— . 1
yi=x Yar dr dt  xdt o

V65 '

Whenx =8, y= J{E so? = . Thus, the boat approaches the

t
Jg_j = 1.008 m/s.

dock at

28. We are given thatﬁ= 35 km/h andﬁ =325 km/h. om e e
dt dt |
dz dx dy
' =(x+y)* +100° :;»Ldr—Z(x+y) _+E At 4:00 PM,

x=4(350=140 and y=4(25)=100 =

2 =/(140 +100) +100” = /67,600 = 260,s

_+_
dr z dt dt

dz x+1=[cf.r dy}

_140+100 55, 25}@ ~ 55.385 km/h.
260 13



29. The distance = of the particle to the origin is given by z = 4/x* + ¥ ,s0z* =x" +[2sin(7x/2)] =

dz dx .’T ' ﬁ K dx a:i dx T T dx
2z—=2x—+4-2sin] —x |cos — = x—+2,?rsm —r cos| —x
dt dt 2 dt dr 2 dt

dt
When(x, y)= J ‘/7 ]J_ IJ_d' l\f_(}+2:ﬁrsm—cos— m:‘)

§21+2ﬂ[11[1@]3£: RENCL Y

1
3dr 3 2 2 dt

31. By similar triangles,% = % ,50 b =3h. The trough has volume

dv dh dh 2

V=1bh(10)=53h)h=15" = 12="—=30h—=> —=—. '
) dt dt dt  5Sh .L
. dh 2 .
Whenh=+1,—= =—ft/min.
dt 51 5
32. The figure is labeled in meters. The area A of a trapezoid is 025 03 025
+(base, +base,)-(height), and the volume ¥ of the 10-meter-long \ u /
trough is 104. Thus, the volume of the trapezoid with height h is 0.5
V =(10)1[0.3+(0.3+2a)]A h
0.3
By similar triangles, a_ E =l, s02a=h =
h 05 2

¥ =5(0.6+hyh=3h+5k. Now =9V _ 7_(34 mh)— = _ 02 e

dt dh dt dt dt  3+10h

dh 02 0.2 . . | 10 .
= m/min = — m/min or =— cm/min.
dt 3+10(03) 6 3

34. We are given that 27 = 30 ft* /min. V=lfr}'lfz=lfr(£] p
dt 3 372 2

h=03, —

v _dvdh_ o 7 dh_ dh_120
dat dh dt 4 dt dt  mh’
dnh _ 120 i = ().382 ft/min.

dr IU‘:a'r S

. When/ =10 ft,




35. We are given that ? =8 fi/s.
t

Then-.:m:-l;a%?=i = x=100cotd = E =—100csc’ Sﬁ =
100 dt dat

. 2
6 _ S0 ¢ When y=200,sin0=-20_-1
dt 100 200 2
ag =— a72y -8 = 1 rad/s. The angle is decreasing at a rate f:nfi rad/s.
dt 100 50 50
38. From the figure and given information, we have x” + y* = L,
% =—0.15m/s, and‘;ﬁ =0.2 m/s whenx =3 m. Differentiating implicitly vl
t
: dx , dy dy __ d«
th ttor, tx +y =L =2 2x—+2y—=0> y——=—x—.
with respect to 1, we get x” + y = xdf+ ydr ydr Id.t ,

Substituting the given information gives us y(-0.15)=-3(0.2) = y=4m.
Thus,3*+4°=I' = ['=25=L=5m
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