Section 3.9

11. (a) Given: a plane flying horizontally at an altitude of 1 nu and a speed of 500 mu/h passes directly over a radar station.

If we let ¢ be time (in hours) and x be the horizontal distance traveled by the plane (in mu), then we are given
that dz/dt = 500 mi/h.

(b) Unknown: the rate at which the distance from the plane to the station 1s increasing (c) z

when it is 2 mi from the station. If we let y be the distance from the plane to the station, II/

then we want to find dy /df when y = 2 mi.

(d) By the Pythagorean Theorem y* =z + 1 = 2y (dy/dt) = 2z (dz/dt).

— Z(500). Sincey® — «® + 1, wheny = 2, = — /3, s0 2 — V3
Y

_zdzx V3
- dt 2

—= (500) = 250 /3 ~ 433 mi/h.
y

CE-

12. (a) Given- the rate of decrease of the surface area is 1 cm®/min. If we let ¢ be

(©
fime (in minutes) and S be the surface area (in cm®), then we are given that
dS/dt = —1 cm?/s.
(b) Unknown: the rate of decrease of the diameter when the diameter 15 10 cm. \
If we let = be the diameter, then we want to find dz /df when z = 10 e

(d) If the radius is r and the diameter x = 27, then r = %xand

— dr? — A (1) — o ds _dSdz _, dx

S =A4nr —4?1'(2:\:} =7nz" = = de it = 2wz e
ds dzx dx 1 dx 1 o1 :
(e)—l—E—Zn-:cE = E——E.When:c—lo,g——E.Sothemteofdemeasemﬁm/mn.

13. (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 (in s)

and x be the distance from the pole to the man (in ft), then we are given that d=/d¢ = 5 ft/s.

(b) Unknown: the rate at which the tip of his shadow i1s moving when he 1s 40 ft (c)
from the pole. If we let y be the distance from the man to the tip of his 15
shadcw(inﬂ),theuwewanttoﬁnd%(:r+y}whenx=4[)&_ - § ;
(d)Bysimﬂarh‘iangles,%S=x+y = 15y=6z+6y = Oy=6x = y==2iz
© Thetipofﬂleshadmarmwvesatarateofi(m—l—y) - %(x+ gx) - %% —5(5) =2 f)s
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14. (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), = 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 dx /dt = 35 km/h and dy/dt = 25 km/h.

(b) Unknown- the rate at which the distance between the ships is changing at (c)
4:00 PM. If we let = be the distance between the ships, then we want to find
dz/dt whent =4h.

x 150 — x

2 Y- 2 dz_ _ _dx dy
(dz"=(150—z)"+y = 2zdt_2(150 :r)( = +2ydt

(e) At4:00 PM, = — 4(35) = 140 and y = 4(25) = 100 = z = /(150 — 140)? + 100% = /T0,100.

dz 1 dr  dy] —10(35)+100(25) 215
So = = Z|(z—150) 2 + 4 2| = - ~ 21.4km/h.
@ 2 [(I V& TV 10,100 /101 /b

. dax
18. We are given that Frie 24 ft/s.

d d
v’ = (90 —z)® +90° = de—i=2(gﬂ—$}(—d—i)_Wh6ﬂx=45,

dy 90—z/ de 15 24
— /AT 1 00% = 455,50 = — - (—24) =
y V5,50 22 ( ) r (M

Cdt

y V5
so the distance from second base is decreasing at a rate of 22 ~ 10.7 fi/s.
(b) Due to the symmetric nature of the problem in part (a), we expect to get the same answer—and we do.
dz dx dz 45 24
*=2"490° = 22— =2z— Whenz=452z=45v5,50 — = ——=(24) = —= ~ 10.7 fi/s.
==z 4+ z z x ,Z V,_’mdt 45\/3( ) 7 /s
. dr dy 2 2 2
21 100 B WemglvmmatE_RSM/hde_25k111,/h.z =(z+y) +100° =
! Y dz dzr dy
22— =2(z+y) =+ = ). At4:00PM, z = 4(35) = 140and y = 4(25) = 100 =
dt dt  dt
z
x 2 = /(140 + 100) + 100% = /67,600 = 260, so
dz z+tyfdz | dy 140 + 100 720
—=—| =4+ —= | = ———(35+25) = — = 554 km
A dt 2 (dt + dt) A A /b
dV dP av Vit dP vV dP
2.PVEt=C = P 1av'* 4 v _ =0 = —=——o0 = _
dt + dt dt P-14V04 g 14F dt
dP dV 400 250 .. .
When V = 400, P = 80 mdﬁ = —10, so we have - = —W(—m) == Thus, the volume is increasing at a
rate of 22 ~ 36 cm®/min.
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R R R: 80 100 5000 400 9 e R R R
| 1 dR 1 dR; 1 dR, dR (1 dR 1 dR;
threspecttot, wehave —— =+ = —— L _ %% C%_paf OB %) \when Ry = S0and
wiirespectiot, WelAVe "mr et T R @t R: d&t i (R% it R dt) e
dR  400°[ 1 1 107
R = 100, &= = —(03) + 0.2)| = — ~0.132Q/s.
: dt 02 [302 )+ 7002 %?| = 510 /
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