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lecture 13

Related rales

If we are purnping ait mto o ballon , both +he volume and the radhus
of e bolloon are mcmasn\nﬂ and ther rales o]C increase are related 1o each
olher . But it 15 much eagier to medsure aluvecﬂj the rate of nctease of e

volume than the rale of nerease of radiug

Go wn related rales Problem the 1dea 16 o comFu}e the rate o]C cbanae of
one c‘uanh\{j mn Yerms of the rale of c)ronﬂo of another quanh‘*j (which may be

more oasnlj measured .

The Procodure s fo find an equah‘on that relates the two c]uonlfl:}lbs

and  then use the Chain Rule to dsfferen%d@ hoth aides with resPed
Yo e .

——

Ex  Ar s bem3 Fumroa\ into a epberlbal balloon so that 5 volume

nereases ab o rale of 100 em®/5 . How fod 15 the radius of Yoe

balloon increasinﬂ when e vadis 15 50 e ?



Soln

Q)ven

The rate of InCrease of Yhe valume 15 100 em/s

UnKnown

The rale of ncrease of the radiue when radius 18 db em

Set up let V = volume | ¥ = radius

lMporTANT ~ RATES OF CHANGE ARE DERIVATIVES

In s Problem) volume and radius are both funch\ons af hime

The rafe of tncrease of the volurne with resPod fo hme s V.
dt

and the vate of \nerease of the vadius 1s _d_r_ .

dt
So (iwqﬂ i\!_ & 100 cma/s 5 ano\ unknown _Q_f__ when r= 35 cm
dt dt

S fwal piece of mformahbn 15 how are Vand r relaled ,and

that 15 the volume o]t the SPhere -V = 4qrd
3



le B
Then f\na\lj we wtll dnfferenhbb both sides wrt t

dv

= -d_\_/- . i
dt de  dt
= 4ni? dr
dt
Then , d¢ - ' — v
at dne® dt
Then ¢= 35 ,dV _ 100 sovvejet
dt
dr \ 100 |
—_— = e\ S — o 00'24
d 4n(asy ahmn cnle

Ei_z A ladder 10 f’f )ona vesls aﬂams‘} a verhea! wall |

If e botom of the ladder shdes awaj from the woll ot a ra:&e of

| f£/s , how fae# 15 the ’to,) of the ladder shdmﬁ down the wall

when dhe bottom o} the ladder 15 6t from the wall ?



First drow the dndjram

wall
let x feet be the distance from the

bottom of e ladder 1o the wall

Let Y foel be the distance from the
top o]( the ladder 1o the 3rouno| |

qround

e Nol both x and j are funcﬂons oF

Hirne .

Now, Guen = dx _ 1 ft/s
dt

unknown © du when x = 6
i

The relation between x ond j 5 3\\ven bj the Pﬁ%dﬂoreon Thim

x9+31 10! o x%f = 100

Diﬁerenh\ohhj wrt 1 and using Chain rule
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When X =6, bﬂ the Pﬁﬂ\Oﬂorean Thm  gives y = 3, 80

d:‘é_(i-:"l /
a—% : ) qf{s

2:8  linear APFroxnmah‘ons and differentials

s

o We have seen that a curve lies very close fo 1% ’ronaen’c line near the Pomi-

of ’mnaencj . In foct )bj momu\nﬂ n toward o Fon‘n} on the jraPh of a /
difforentiable function , we nohced that the jraph looke more and more 1iKe 118 ——}——'

This observation 16 the basis Jor o method of fmduhﬁ aPPmXImab

%anaen{ lne .

values of funchong

+ So we are going fo use the ’fanjent lne ab (0, f(a)) as an aPFrox\mah‘on

to the curve 3 . j(x) when X 16 near & Equohbn Of this Mnﬂeni

Imé 6 j = {la) .\.f'(q)(x—o) and the aPproxumahlon

l}(X) ~ fla) + f'la)(x-0) 16 called ¥he linear aj?iroxnmahbn or

fanﬂenf \ne oPPmX|ma¥nbn of f at a .



The Linear funchbn whose 3ro?h 15 the 1‘anaent lme , that 15

L(x) =)+ f'(a)(x-0) & alled the linearization of fata,

Ex  Find the hinearizahon of the funchon  f(x) = {x+3 aa=1

and use %oaPProx:'ma}e -J3o% and 405 ?

Soln  The denivative of f(x) = x+3

———

}\(K) = -L-__I_..__—-
d [x+3

Then (1) = 4 and (1) = ‘}.'_
Then +he Lneanizahion s L(x) = F(1 + f'O)(x -1 = 9+2;—(x—l) ) 2'7_ +_:;_

Therefore the linear aPProxuma‘r\‘on 15

dx+3 = %+—i(}— when x 16 near 1

Then |

- + ,0.98
ﬂfg.qg = 04844 = = 4 22 = (495
4 4
| .05
L}

1‘4005 =10 - 4.0125

H

el

+3 =13
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