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Lasttime wederived Green's theorem
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anticlockwiseorientation
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WithDt Green's formulabecomes
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É unittangentvector

it unitnormal
vector outwardpointing
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Then foods I otbtds sot.FI Fdx Eftds
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divG divergenceof61 GeneralizationoftheFundamentalThuofCalculusto
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To use Green'stha wecanchoosee.g F 10 1 41 s t 0 F II Ig xy

Then 3 5,0 Fds F dx F dx t Fdr f F dx
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Note directcomputation without

using
Green'stha is alsopossiblehereicheckthatit givesthe

sameresult



3.5 SurfaceIntegrals

First a shortreviewofplanesnormalvectorsandthecrossproduct

AplaneE canbeparametrizedby specifyingvectors p U V

E Exe x p su tr ster

Alternatively we canwritetheequationof a plane as p x n 0 with n ux v

thenormalvector

Noterecall the following propertiesof the crossproduct
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det l l a lbxd
ax v is perpendicularto uand u

ax v O if uandu are linearly dependent

Theareaof a parallelogramspannedby uandu is laxv11 llullllullsin0
withQ anglebetweenaV

Huxv11 llull llull lav1

Moregenerally a surface McR can beparametrizedby a fat fls H with

f e C la IR Ucr a domainThen M rangeof f

EÉf is thx forsomekitten
IcomparetoE above1

Thenormalvector isthen a functionof saud t normalvectorfield



of aretangentvectors spanningthetangentplanet

n x is a normalvector perpendicularto tangentplane

Wecall Msmooth if fec U R and n X 0 ou d

Wedefine theunitnormalvector n My

Analogous to line integrals replategwith f and y withn wedefine

thesurface area o M I11h11 IS analogousto 1ftsillyHilldt

heuristically Integratingupinfinitesimalsurface
elements littleparallelograms

for Dec Milk thesurfaceintegral 0do f oofyn Ids
analogousto

gods fatallyHildy

forFe CIM R thefluxintegral IFindo f of ends
analogousto

Fdx t.glitlgAldtnormalizednormalvector


