Related Rates

p.279: 1-11, 13-19
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10.

s dv _dvax_, ,d

V=x =3x —
dr dx dt dt
(a)d=mr’= dd_dddr Em‘E (b) a =2:rr£ =22(30 m)(1 m/s) = 607 m?/s
dt dr dt dt dt dt

Let s denote the side of a square. The square’s area A is given by 4 = s°. Differentiating with respect

to r gives us% = 23% When 4 = 16, s = 4. Substituting 4 for s and 6 fﬁr% gives us

a4 =2(4)(6) = 48 cm’/s.
dt

,
A—two P _ 1 D, %_20(3)+1n(3)_14n em?/s.

dt dt
=ﬁr1h=f{5)2h=25j‘rh:>d—v—25 P 325z 3 min,
dt dt dt 257

V=dm'= —=47-3r"— = —=47(1-80%)(4)= 25,6007 mm’/s.

S =4xr’ :%—4 2rf — %—4:: 2-8-2=1287 cm®/min.

dt

. dA
a) A=Llabsind = —=
@ : dt

(b) A=1absing = % = %a[!} cos H% +sin H%} =1(2)[3(cos£)(0.2) +3(sin £)(1.5)]

de

abcos EE =1(2)(3)(cos£)(0.2) =3($)(0.2)=0.3 cm’/min.

L
2

=3(4)(0.2)+143(2) = 0.3+ 243 ~ 1.6 cm’/min.

(c) A=1absing = dd_ [daE:-smﬂ+a@sm€+aﬁcosﬂd€)
. dr \dt dt dt

=112.53)($43)+2(1.5)(343)+203)(3) (02)]

=53 +23+03=243+0.3~4.85 cm?/min.
Note how this answer relates the answer in part (a) [ﬁ changing] and part (b) [b and & changing].

(a}y:v‘zxnandE:z::"f" dy ax l{2x+1‘“1-2-3= 3 Whenx=4%_3 ;.
dt

it dcdt 2 2+ dt o

() y=A2x+1 =y’ =2x+1= 2x=)y"-1= x=1," —%and%=5:ﬁ>
dc  dr dy dx
— =— = =y-5=5y. Whenx=12,y=4/25=35, so— =5(5)=25.
i ayar > 7 Y i)

d d d _ dy & dy
a)—(4x° +9y")=—(36) 2 8x—+18y—=0=24x—+9y—=0=>
(}df( ) df{ ) dt ydf dt ydf

3

4(2)%+9(§J§][1]=0 = 3ﬁ=—2\/§ = ﬁ:-h@

(b) 4x%+9}% U=>4{—2){3)+9[3J]‘f«" n:a{"’v" P _4

dt 5
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16.

=202 xP+yF 0 Fo_ XY whenx=4, y=22-5 and when ¥ = 2,
dt = dr . ydf 4 dx
Z=-2(-2)=16(0)
i{f +v +2°) =i(9) — 2x£+ Zlyﬁh?zE =0= xEerﬁjL 2£=G.
dr dt dt dt dt dat ~dt dt
If & _ 3, Y _ d4and (x, y,z)=(2,2,1), ther12{5'}+21[rfl}+]E =0= a_ —18.
dt dt dr dt
i{xy}= d (&) = xﬂtv%:l‘l [f%=—3 cm/sand (x, v)=(4,2), thend{-3)+2%=ﬂ —
[

dt dt dt

d. , . .
6. Thus, the x-coordinate is increasing at a rate of 6 cm/s.

dt

(a) Given: a plane flying horizontally at an altitude of 1 mi and a speed of 500 mi/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 miles), then we are given that dx/dr = 500 mi/h.

(b) Unknown: the rate at which the distance from the plane to the station is increasing when it is 2
mi from the station. If we let y be the distance from the plane to the station, then we want to find
dy/dr when V= 2 mi.

(c)
11/

(d) By the Pythagorean Theorem, y* = x* +1 = 2y(dy/ df) = 2x(dx / dt).

{e}ﬂ=£ﬁ=i(5ﬂ{}}. Since y* =x* +1, when y =2, x =43, so
da ydt vy

dy Jg
e 2
(a) Given: the rate of decrease of the surface are is 1 cm?/min. If we let r be time (in minutes) and S
be the surface area (in em?), then we are given that dS/dr=—1 cm*/min.

(b) Unknown: the rate of decrease of the diameter is 10 cm. If we let x be the diameter, then we

want to find dx/dr when x = 10 cm.

(500) = 2504/3 ~ 433 mi/h.
) (d) If the radius is » and the diameter x = 2r,thenr =+ x and

S=4m = 4;:'(—5::)3 —7x’ as _asax_ E;ﬂrxﬁ.
- dt dx dt dt
1285 ppds a1
dt dt dt 2xx
' Whenx = l[]_,ﬁ = —L. So the rate of decrease if-,L cm/min.

dt 20 20x



17.

Yy _y-x e

15 6
PR 6y =15y —15x - N

T:40~_I:5-_}:‘} 15:'.*:91' h.‘hxu

dt dt s -

v Zé:r < v >

dv Sdx 5 25

A _{5) _ =

da 3dt 3 3

So the tip of the shadow 1s moving at a rate of ? ft/s.

18.
dx dv z 2=x’+y
E__35,E_25 Y 2:%: Iﬁ+21’ﬁ
x=150-35(4)=10 . P R dt dr
y=25(4)=100 - =102 +100% =100.499 2(100.499)%:2(10)(—35)+2(100)(25)
dz _ '
pra %:21.393kmfh
19. We are given that% = 60 mi/h and % =25mih. 2 =x"+y" =
dz dx . d dx  dz 1 d . Y
22—=2x—+2];ﬂ:}z—z=;1r—}b+}-'ﬂ :}—z=—[x—x ﬂ]
dt dt dt dt dt dt dt z\ dt dt
After 2 hours, x=2(60)=120and y =2(25)=50 = z=4/120" +50° =130, so

65 mi/h.

dz 1( dx 'ﬁ]_ml}(ﬁ{]]+5l}{25]_

—=—|x—+y
dt =z dt dt 130




