
 

Def 11 A vectorfield is defined to be
continuous differentiable ch if the componentfunctions are
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Line integral of vectorfield

Refic let d be a cave with orientation given by a

parametrization Fits with Fits to ft Refutethe

lute integralof arectafield É along d to be

E Tds
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is the unittangentrectafieldday c

g
ie C is oriented in the direction of Fits or T at
everypoint
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and Sgt Tds L E df
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In componentsfam
Line integral of É Mit Nj along

C Fits gitsithitly
can beexpressed as

SCE.tds E dt SIE.de dt
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Similarly for 3 din
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Another way tojustify the notation
F x y z the position recta

di dx dy de naturalnotation

Then
Sat.Tds ScÉ.dk a

M N L a dXdydz

SdMdxtNdytLdz.eg39
Evaluate I Je ydxtzdytzxdz

where C Ict cestitsintjttk often
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Physics

I É Force field
C oriented cave

then W SgtTds

is the workdone inmoving an objectalong d

e É velocity vectorfield of fluid

C oriented cave

Then Flow S E Tds

Flow along the cave d

If d is closed theflow is also called a circulation

Ref13 A cave is said to be
simple if it doesnot intersectwith itself except
possibly at end points

Liis closed if starting point endpoint

is simple closed care if it is both simple and closed



Note

8
simple No Yes No Yes

closed Yes No No Yes

I velocity of fluid
C oriented plane cave CCIR simple closed

with parametrization Ict xitsitycts

I outward pointing unit normal recta tothe cured
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if Cis of anti clockwise if Cis of clockwise
orientation orientation



Formula fan wrt theparametrization Flt xcesityle

Recall F Et
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Anti clockwise
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amountoffluid
Flux off acrossC fat nds getting out ofthe

closedcowed

If É May itNCxy j
and Ect Xitsityctly is anti clockwise parametrization

of C closed anve

Then



Flux of É across d

MitNJ day i d'sF ds

Mdy NdX

Remark o f cave is closed in anti clockwise direction

SO cave is closed a clockwise direction

not a commonnotation

But in some books only G is used NO arrow

Then oneneeds to determinethe orientation from
thecontext

Convention If no orientation is mentioned

D without arrow means anti clockwise

orientation positive orientation



eg4o let É exysitxj
C Xy 1

Findthe flow anti clockwisely alongC and

flux across C

Sohn let Fit astitsints Of tf 27
Note correctorientation check

Then flow F Tds F di
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flux F ids Mdy Ndx withanticlockwise
orientation
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Remark If C is an oriented curve then denote by
C the orientedcave withopposite orientation

Iff is a scalar function

fds cfds
as ds isnotoriented

just length

If I is a vector field

flow fat Tds S at.tds
that isthe

Moreprecise formula Ffa d

E Feds fat Feds

Buffa flux Lends Éands n'alwaysoutward



Summary

scalar f Satdsuidep.ofaientation
ds have
no direction

vectat

Sattids dependsonorientation
I depends

flow on direction

flux Scends indep.ofaientation 5 always
outward


