é"’-? - Related Rates

Ldea: Supfose_ X and ’b Clo\amje o.cco:-d:.rj to Ltime , t.

I‘F X and :3 are related and we Know dx/clé (a.e,, how

d
Tucklj X s ckaw(jmj) ) then we can )(:iju.rc out %{_.

E_K: A person iS wa.l.)(:mj a.waj from a Siceed Il'j#n‘

ot o rote of Lfm/.S- T +he person is 2m +olt
and the Street 1:51\4- is 6m talt | how Guickly i3 the

IeV‘j'Ha of the persoas  Shadow C,Lo.vljmj-?

Solution : Start with a Pic-l-ure!

O
N
-+
X

1)

Man's distance frow. e

Street lijht at time +

2 \\
%I ~~~~~ S = leij\ of +he shadow at

‘ X +ime t.




These lzuomhl-'.es are related by Similar ’rr:auj/eS.’

G\ P~

£ . Xx*s
2 S
We Know d_X
dt
differentiote  wiih
= X
=3

X+ S S
= 3s = xts = s: %
ond want o J(:V\J ds . Lets
dt

respect fo time.

ds | dx L - 2
— _— =z = — = —=(Yy - .
BT 2 44 2 (1)

' Tl«e Shadow is qrow:nz} ol a rate OF 2""/5-

The Process

(1)
(D
(3)

(4)

Droaw a F:c.‘ru.r; and de,,[.‘ne :]o-.u“ variables.
Find a ]formu(o\ rcled-.‘zj :Sour variables.
Differeatiate (iMFl:ciHJ3 witHa respect +to i

Selve  for Hhe desired Zu.a.n-};.]-‘j_




Ex: A steel cylinder is smooshed in o L\BCJFQUJFC
press. Dwr:nj this  process, +he sleel aLwa.JS remains
cylindricok  with a volume of H0cn® IF e keJH
s Aeereo.s:n3 ot a rate of lemfs  Find the rafe
ot which the radiws ;s tncre,ousmﬁ at the mowment

the radius is e,aLuaL o 2em.

.Solu;kof\ :
>

We knoo V=40 =T1r*h.

l\=\ne:3h+ J
\/\/a.v\-‘- to ;?/\cj d—: when r = 2.

r = cadius
X &t d d
Ho = erth = d—,c(q°> = g:(u‘r“\.\>

4(e? . dh
= 0 = -rr[ C(‘:)\‘4 C E‘] (Produ-c-l' rule)

- d .t dh
“{Rrﬁ-l«\ r'dt}

kaa-) is h?



\ﬁJL&n {‘:2, L{O:T['rz[,‘:L{T(-L => L:ﬂ:&

Thus,

20 - 2 e 0 4 @)

— de -
= n 'l"(; em fs

-
When r=2, the radiws s increa.s:z:j af //0 CM/S.

Ex: A ship leaves pord at noon, 'I—I‘o.ve”i»:)j 100 Km/hr

du.e eas-l'. A'l' afm

onother Ship leaves +he same for£

)

-H‘aL\/e,llttj 150 Km / he due north. A'l' wWhat rete s +he

distance between +Hhe 5lurs ;ncreas.‘nj ot L/FM?



Solution : Let x:= distance +ravelled lDJ
fiest ship ot time &

=
2 }3 = cl.“.s-l-amce travelled lpg
Y Second ship of time L.
1 =
PO!"I’ x

Z = distance belween +he Ships
at +ime 1.

\AJCL KYION j—: = |00 KM/ e QY\A j%{- = IS0 KWl/qu‘

Furthermore , ak 4f>m :

X = )OOKm/kr'lfhr‘s = 400 Km

y

ond Z

|50 KM/Lr R hes = 300 Km

J xﬂjz = \/‘/001+ 200° = 500 kwm.

1]



Therefore

dx dy dz
/Z{"I*J ac /PG

= 4oo- log + 300150 = S» j—f

d 400- 100 + 300- (SO
f = 5 = |70 Km /he.

A} q,,,,,, the distance between tHhe ships is incrca.s.‘n(j

ot o rate o][ 170 Km/}\p_

Additionad Exercise:

Gravel )ca“.s from & Conveyor belt at a rale of 2m/s.

T+ +torms a conical pile with |ne,-.3h£ I a.lwajs e,j’_owJL
fo Yar, where ¢ s the radins of the base.

At what rate s the he‘.jH' of the Fi[e iﬂcreaSEnj when

wrth

it s 10m h:ﬂk? (The Volume of @ cone is V= —3

)




Solution: Since h=1{zr

(or, e,iw\/a.le.nH:j, = L‘ﬁ_—) , we

have

L
V_ “ITF"‘I\ - T(hﬁ)h = ‘Tr_l'\z
i 3 2 G

D'.Herenha‘rinj im?lac_'.Hj with respect fo time , t:

V. T g2 dh . Th' dk

dt A t 2 dt

S\Lbs‘\"u\u’rinj i—:_/'- Q\MZ/.S and |f1=|OM, we have

dV _ Tth' dh Tuo) dh
= = =
dt 2 dt % X dt
= c“'\ - L2 - | M/s.
dt 100X 25 TC
The he,'.SH- S '.ncre_a.s:nj ot a rate of QIS_‘W m/s.




