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dl  dV dr 2 ey

1. V=ot = — &
df. da ot af

. dA  dA dr i
2. (a) A=mr® — = —— =2 —
(8) A = At drdi " d
dA el el )
4 A= fw — =4 — pe— = 200{3) + 10(8) = 140 em?/s.
T T gy~ 200) + L0(E) em’/s
. ; . iz i iy dz 1 dx ey
L22=a?4y? = e = y—= = Z e Z= 5y ) Whena = Sandy = 12,
Z=aty ST T T d z\ ot U E T e Ay
. . . . i Fry! iz 1 46
22=524122 = 22=169 = z=Hl13 Fore— =2andt =3, 22 = — (5-2+12.3) = £ —=.
eli: i Tt :I:lii{ ) 13
9. (a) Given: the rate of decrease of the surface area is 1 em®/min. If we let £ be {e)
time (in minutes) and & be the surface area (in n::mgj, then we are given that
dSfdt = —1 em?fs.
(b)) Unknown: the rate of decrease of the diameter when the diameter is 10 cm.
If we let @ be the digmeter, then we want to find da /dt when ¢ = 10 cm.
{d) If the rading is & and the diameter @ = 20, then r = .—L':L' and
) - . 5 dSdx el
S=amr?=da(ie) =ae? = ==X g
g Wli* E] g i dr ot i i
15 iz 1 1 {
e —1= {rI = E‘EJJ% = % = T When 2 = 110, f{? T S the rate of decrease 1s 3,_#—_ cm/min.

10. (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 sziling north at 25 km/h.
[ we let £ be time (in hours), & be the distance trveled by ship A (in km), and ¢ be the distance traveled by ship B (in km),
then we are given that dar/di = 35 km,/h and dy /di = 25 km/h.

(b} Unknown: the rate at which the distance between the ships is changing at 4:00 p. If (c) B
we let = be the distance between the ships, then we want to find dz /dt when ¢ = 4 h P
¥
. . . iz dr iy
dy 22 = {150 — 22 +97 = 222 — 90150 — =) - | yoy A
(d) 27 = (150 — =) +y 2= o)\ ——p | T . ——
(e) AtdlD e, r = 4(35) = ldland y = 4{25) = 100 = == \/{15[1 — 14032 + 1002 = +/10,100.
) 1 i i —10{35 LOO{25 215
S0 %2 L sy & 4, G| _ Z10035) + LOOE25) c= 91 .4 km/h,
elf z i it 10, 100 v 101
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12. (a) (Given: a man & ft tall walks away from a street light mounted on a 15-fi-tall pole at a rate of 5 ft /3. If we let £ be time (in 3)
and = be the distance from the pole to the man (in 1), then we are given that dz /df = 5 ft /s

(b} Unknown: the rate at which the tip of his shadow s moving when he is 40 ft from the ()
pole. 1 we let o be the distanee from the man to the tip of his shadow (in f), then we 15
] ) ) ;]
want to find T(;r: + o) when @ = 40 ft.
fris . ¥
. ) 15 T+ X . . 2
(d) By similar triangles, i = ly=ltet+by = By=0z = y=3zr
el Gdr g a5
{) The tip of the shadow moves at a rate of —{r +yl = (r + T} = T (6] = = fifs.
R . :
) i ,
16. We are given that Z= 24 ft/s.
L
] e . I ; f :
(a) — (90 — z)* + 90° = -3;;% — 2(90 — .r}(—%) When = — 45,
i o — 1 45 24
y= VIR 1002 =45V, s0 — = —— (- = | = —=(-21) = =,
ol 1 it .:]Q VB U'??

so the distance from second base is decreasing at a rate of S = 10.7 ft/s.
W

() Due to the symmaetric nature of the problem in part (a), we expect to get the same answer—and we do.

. " . i i 1=z 45 24 .
2=t 4007 = 22— 922 Whenx — 45,z = 45 /5, so = ,._l:‘z‘,:Lj = =— o= L0.T fi/s.
it it i {) 455 W h
i P . . iz
18. pulley {3iven % = —1 m/s, find % when o = 8 m. ,”z —zi4+1 = 2 % = 2r %
¥
1 i i WA
o L E—EE——E.WI'JUTIJJ—E,M—\!’{'!E 'm2 .
el T ool ] i b
x Lty
approaches the dock at Sj == 101 mys.
. ] : [
23. By similar triangles, I= 5% I = 3h. The trough has volume 3
1
b ]
. 1 dh dh 2
V' = 2bh(10) = 5(3h)h = 15k* 12 = = — 30h=— — == 1
sbh(10) = 5(3h)h = 15h7 = it &% T @t Bk |
1 i 2
When b = 3, i ﬂ =z ft /imin
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25.

21.

n

3.

. vt e 1 a2 1 [ h : whd
s Are v - . S =1 B =
We are given that i 30 7 foin. V ST h = 5w 3 fi o
1 1V dh, wh df th 120
L = = Whenh = 10A,

at  dhodl 1 dr W whe
dh 120 6

e — = = (.38 ft/min.

4 10°7  Bm fmin

h
A= %f}h, but & =B mand sinf = Ir = h=dsind 0= %{5}{4:&“}'} = 10=zind.

dd A d

We are given fj_g = 0.06 rad /s, s0 — = = {10 cos @)W 0.06) = 0.6 cos ).
i

dt dl di
_ dd , - . "
When @ = £, — = 0.6{cos 3) = (06)(3) = 0.3 m’/s
11111 180 9 400 111
With 7, = 80and s = 100, = = — 4 — = — 4+ — — — — " o B — — Differentiating — — — 4 —
A Ane Hz "R m T w10 moon a0 ™ g - Pierentiating 7 = - 4 o
. 1 dR 1 dRy 1 dita AR . 1 dR 1 dRa
th respect 10 L W HAVE — e —|m — m——_— e —— — e 7 —— —_—— | When S, = 50 and
wiirespectiohb welive " T TR @ WA | W (J‘:’.'{ ar I ) e AR
1RA00% [ 1 1 107
R, = 100, 22 — —(0.3) + (0.2)] = — = 0.132 Q/s.

dfl 9% | B0? 1002 S10

Let the distance between the runner and the friend be £ Then by the Law of Cosines,

2 =200% + 100° — 2. 200 - 100 - eos § = 50,000 — 40000 cos (+). Differentiating

1¢ i1
implicitly with respect to £, we obtain QLF‘E = —40,000( — sin ) EF Mow if 13 is the
0 ot

distance run when the angle is @ radians, then by the formula for the length of an are

1 e} 1 dl) 7
dircle. 8 — 1l we ) — 1 so ) — — — T substitute i P — ,
om a cirele, 2 = v, we have 13 = 1008, 50 ¢ l[][]f = T 00 00 T substitute into the expression for

ié, wie must know sin @ at the time when £ = 200, which we find from (+): 200° = 50,000 — 40,000 cos <>

il
- ||Il—l . H.l L,
cosfl = i = =infl = /1 — [ }J = —\4“:’. Substituting, we get 2(200) % = 40,000 415 (ﬁ)

i full = @ £=2 6.78 m/s. Whether the distance between them is increasing or decreasing depends on the direction in which

= =

the mnner is mnning.
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