
Lecture -15 - Fundamental Theorem For Line Integrals

Recalls In Calculus weknow ,

b

{ F' (x) DX = F(b) - Fla)

similar holds for lineintegralsofvectorfields
,t=b

g % ° " " ""ᵗʰⁿʰ $" ↳ "" " "≤⇔

and f is a function whose gradient If is continuous

sit
on C

,
then

{ If • di = f- (Tlb)) - f (Fla))

Thetpooofgosike :

{If • di = [Éf(TAD .
F' A) dt

= [C¥i+¥J+¥ñ)•(¥i+¥↑+¥Hᵈᵗ



b

= f(¥i¥+¥j¥ + ¥ - E) ᵈᵗ

:
= / ⇒ [ flint )] dt

a

by Fundamental theorem

= f(8lb)) - f- ( Fla)) of calculus .

Examine : Evaluate / Ef . dir where

c

flxiyz) = cos (A) + sinfay ) - Xyz and C is

anyfath that starts at (1,1/2) ends at (2,1-1)

/ (31-1)
Solution

get C be any path from t.KZ) to

(2,4-1)
,
Flt) be the path

fn a ≤ t≤b
'

ie
,
8 (a) = (1,1%2)6%7
I (b) = (2,3-1)

Then {If • di = f- (2) b- 1) - f- ( v1 , 2)

= Costa) + Saia - 2671-1)
- (Cosa + sing - I =4



The key takeaway is that for these line integrals the

path is not important -

consevrativevectorf.ie/ds-

Conservative vector fields are those vector fields F-

does not depend on the path .whose f # • di

#
From the previous discussion

,
we can see why the following is true,

If É is conservative vector field then F- = If

(F- is the gradient of a potential function)

and then it is clear why fÉrdr doesnot depend on

bath since SÑ -di =/Éf . di which does not
c c defied an fate .



How to check if vector field is conservative ?

° For 2D vector fields É = PT +Qf the check

is easy :

gf zp TQ

Ty
=

¥
then

vector field is conservative .cauti-onl.TT?swohsonaxgian that is simply connected

(no holes !) (see lecture

btsdgsomee✗amt#
i Determine if É is conservative

")

on

ÉG,y) = (x2_yx)T + ( y2_xy)↑

b) É Gig) = (2xe%+x2yÉᵗ)t + (×3e×Y+zy) J

Tryiˢ '

Am a) is not conservative

b) is conservative .



How to find the potential function ie
, f- such

that ⇒ If =É .

An For 2D : É = PT + QJ its
easy :

¥f=¥t + ¥5

Therefore ¥×=P and ¥=Q
↓ I

fix,y)= fplxsyldx j flay) = fQl*y)dy

Exif


