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We continuewith more remarks on multivariable fatalus

Changeof Variables

Sometimes wewould like to express functions intermsofdifferent variables or coordinates

e.g
whentheyhave a certainsymmetry

Ex flaxel Fix l Thisfat is radiallysymmetric

Letusdiscusstheexampleof polarcoordinates Insteadofexpressingafat intermsof x x
letus express it in termsofradius r andangleQ a

r

X r lose using with re o o GE 0,2A



Ex Whatis thederivative inradialdirection of flux Fx
The chainrle tells usthat of butinsteadof competingthiswe
note that f xtrial x trial f rice finosalittusi.net r

1

Next What are and intermsof rice

Notethat rk.nl Fixt plant aratant l

Thechainruletellsusthat of of and If of of

Wecanthen compute 2x xitx.it
r

cose

laretaul 1 sire

cosy
s andsimilarly sinceof of

Differentials

Consider onevariablefats f and thatarerelatedby fix
Here Given V wecandirectlycompute f

Given f weneed tointegratetofindV In separationofvariablesnotation wehave

dV f kldx This is oftenwrittenas a differential dr fdx

Inmanyvariables thesituationis more complicated SupposeF IRIR andV R IR are

relatedby F TV



Then GivenV wecanstilldirectlycomputeF
GivenF can wefind a If F
Indifferentialnotation dV dat Indxn It dx tada
If such aVexists wecalldV an exactdifferential ifnot an inexactdifferential

Ex n 2 then

drifteddx.eee
and

FthesearequalbyClairautSchwarz

Need 8 9 as a necessarycondition

It turnsout thatthis conditionisalsosufficient Ingeneral itholdsthat

dV Filarial dx is exalt ij 1 in

DifferentialOperators

Certain commonoperations involvingpartial derivativeshave names

Asbefore we use D as a vectorthatcanoperate onfunctionsindifferentways

ForV112 IR a scalarfield DV grad is called gradientofV



For f t.IR a vector field
gaffe

dirt

is calleddivergenceof f

For file R lavectorfield EE
x

E E
curit

is calledcurl of f

Theseoperations getreallyinterestinginthecontextof linesurfacevolumeintegrals
Justas a preview f'kidx flb flat
Gauss'stheoremsaysthat

divfgf.tt
f Eaintegral is
A normalvectorofsurfaceor
enclosingthevolumeV

Stokes'stheoremsaysthat curlf
iffy fifteintegral

alongthe
boundaryofthesurface

These are theappropriategeneralizationsoftheFTC in higherdimensions


