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3 Differentiation in OneVariable

3 1DefinitionPropertiesandExamples

TopicforWeek4B ImplicitDifferentiation

Sometimes wewant to consider more generally equations involving xandy instead

of functions y fix

Ex A circle of radius 1 is describedby Ty 1

Y

Moreprecisely Thegraphof y 1 i e allkey satisfyingtheeq is acircle

In general the graphof an eq can bedescribed in 3 differentways

1 Animpliciteq involving x andy

Circle ex x4 y 1

2 Patchtogether thegraphsof severalfunctions It

Notethat thisis not alwaysexplicitlypossible If
Circleex f x FT and f Ix FT



31 Parametrization Graph x y ER a y ylu QED forsome heliykel
anddomainDCR

Circle ex For ye 0,2m thecircleisgivenby Y 5 1

How do we find thederivativeof a graphwiththose3 possibilities

1 Implicitdifferentiation Wedonotsolvefor y fix thismightnotevenbe

possible butnevertheless we regard as a fat of anddifferentiatetheeq

Circleex Wetakethederivativeonbothsides of y 1

111 0 x y 2x 1Eur 2411 a

2 We compute thederivative foreach patch

Circle ex 1 Ft 11 4 1 2 1
chainvale

3 Usethechain rulefor theparametrization

1ft fee
chainrule inversefitrule

Circleex 1 dated costal fat



Note Implicitdifferentiation is usually theeasiest

Another example What is It for
3 3xp y

3
0

0 1 33 4 43 3
231141,3

2 3 234 3 11 342

3 234 It 3 344

Anapplication of implicitdifferentiation Curvatureandtheosculatingcircle

Into graph xy

4

The osculatingcircle touchesthegraphat x y andhasthesamefirstandsecond

derivativeatthatpoint

Questions 111What istheradius r of thecircle
121 Isthecircleabove or below thefunction

is
Called concaveup or convex Called concavedown or concave

The generaleq for a circlewithradius r centeredat xoyo is x x t t yo r



Implicit differentiation yields O x x.lt yyo1 2 x xo1 2 yyo1a

Implicitdifferentiationagainyields D 2 x x 24yo

productrule
2 2 ᵈ

x 24 t.EEf ynt y At
thesecondderivative

y y if
Then yields x x k yo y n

1
y n

rtk x.it yrot YfIyn tlff 1

Iii
Wedefthecurvature 7 f p ftp

Note If y x 0 then1 1 implies yoyo
hencethecircleliesabovethegraph i e it

is concaveup

If y I 0 then implies y syo hencethecirclelies
belowthegraphii e it

is concavedown


