
 

Another way to justify the notation

D Cx y Z the position vector

dF dx dy d't naturally

Then Jct Fds face dF fdCM N L dxsdy.dz

JdMdx Ndy t Ld't

eg3I Evaluate I Sd yDX t Edy zxdz

where d Fct Cest i suit j tk often

Cost suit t

sole df f suit cost 1 dt

2IT
I J E suit C s utjttost zos.tt D dt
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Physics

is E Forcefield
C oriented cave

then wefdE.FI
is the workday in mowing an objectalong C



F velocity vectorfield of fluid
C oriented came

Then

I Flow SdF Tds

Elon along the cave d

If L is closed cave the flow
is also called a

circulation d

DefI A cave is said to be
his simple if it doesnot intersect with itself except

possibly at end points

dis deal if starting point end point

also called a loopy

Cii's simple closed anae if it is bothswiple and closed

Note 8 J O
suisple No Yes No Yes

closed Yes No No Yes



E velocity offluid
c oriented plane anne Cc 1132

parametrized by

ftp.xctsityitsfnoutward poiutuig uuitnamal to thecawed

at EE

ti tir d s y f o y

i
x ITF x f

T TfF Fx

if C is ofanti clockwise if C is of clockwise
orientation orientation

Formula fair Wrt the parametrization Fct Xi Itgetsf

Recall f TEA
1

Etsittyft j
tr ft l

in arc length parameter F dats dats it d j
Anti clockwise

a Txt II II I yttsi xfe.si
I 0 o 1

IF

a A Has daff



Clockwise a y ftSei tx
IFfth

a 5 Has it j
amountoffluid

Flue ofF across C SCF Ads Cfettifemodutomte
c

If E MckysitNHis j
and Icts xasi yet I is anti

clockwise parametrizationofd
closedown

Their
FluxofE across C

Mit Nj Hai daff ds

Mdg Ndx

Reward cave is e in Lidocaine direction

curve is closed ai clockwise direction

But in some books only is used wearrow

Then oneneeds to determinethe orientation fromthe
context

Convention If no orientation ismentioned without

arrow means auti dodeeiaeaientatim cpaifiaeae.eu iae



eg4e let F exglintXI
x
2 5 1

Find the flow anti clockwiseb along d and

flux across C

Solis let Icty cost I suit j OE te ZIT

Caotes correct orientation

Then
flow E Fds E.dk

fo2TE t seitJitastjJ.EseitItastj7dt
n.n 2T check

flux cErids

c Mdg Ndx
withanti clockwiseparauetujatiay

JoT st seit3dsuit ces.tdcost

E t wit cost 1 catsuit dt

IT check

Remain If d is an aientedcowee then denoteby

C the orientedcame wiseropposite orientation



If f is a scalar function

as ds b'notorientedµfds fetds
just length

If F a aoeotateld

gflow E Fds E Tds

histathe
Moreprecisely we shouldwrite

ffa c
F Feds E Feds

But for flux

cE.Rds cE rids

summery

scalarf Sdfds aidepiofaientation
Stds have
no director

nectar
flow

E Tds depends
maiadatig'Tdepends

on direction

F always

flux ScF.hds indeprofaientation outward


