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MATH 252/GRACEY

When you are done with your homework you should be able to...
n Understand and use the Fundamental Theorem of Line Integrals
n Understand the concept of independence of path
n Understand the concept of conservation of energy

Warm-up: Show that the value of j F-dr is the same for each parame‘rmc
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FUNDAMENTAL THEOREM OF LINE INTEGRALS
Let C be a piecewise smooth curve lying in an open region R and given by

r(r)=x(t)i+y(r)j, a<t<b. If F(x,y)=Mi+Nj is conservative in R,and M and N

are continuous in R, then

[ Fear=[ Vf-dr=f(x(b).y(b))- f
J"é 5@9

where f is a potential function of F. That is, F(x,y)=Vf(x,y




153 MATH 252/GRACEY

Example 1: Find the value of the line integral _[CF'dl'. M= ) N7z ) P N
. (10>-
= | F(x,y,z)=i+zj+yk b)%(’c)" [-1£ . 20
()3 | %7’ %{2 ‘/ (@) r, (1) =costi+sintj+r’k, 0<t< 7w 3(‘6)’ O 253: T
N O (1)=(1-2)i+70k, 0<1<1 2(()= g [x(2)=]
ot 2)=9
oz Potenti o Giunchion 620 b=V [ 3
A' > (-1,0,7%)
iﬁi :O> My Maid= g ) ER(xayzrk]
)L 2 _ - 17
o =) o 9 fNay Sia@ &i%’ku’%) z
ci)"zs jfdg: j332=321"¢6<;'j)
Oy S olye) he)oy
~ C)ﬂ K(x)'j):K
o Z0 K
¥ fxy2)e gzt
Se F i corsenolive F07 = 5000, y0),200) —F (X (@,y(), 26))

S0 wmw&fm &) x (€)= o5t | y(e)? sk Z(c)- tL) a=0 b=1r

Fordomardid Thaterns (2 G/ o, 1) f lasoymo,0t)

j o0
ng% “F(,0,m) -F(1,0,0)
Pl foundiom T (xtye K |§"f°*)““°
1,0,0

j;’l FOTH) - () 4 0-0 +K)
THEOREM: INDEPENDENCE OF PATH AND CONSERVATIVE VECTOR
FIELDS

If Fis continuous on an open connected region, then the line integral ICF-dr is

independent of path if and only if F is conservative.
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THEOREM: EQUIVALENT CONDITIONS

Let F(x,y,z)=Mi+Nj+ Pk have continuous first partial derivatives in an open

connected region R, and let C be a piecewise smooth curve in R. The following
conditions are equivalent:

1. F is conservative. That is, F=Vf for some function f.
2. LF-dr is independent of path.

3. LF-dI‘=0 for every closed curve C in R.

Example 2: Evaluate the line integral using the Fundamental Theor‘em of Line
Integrals. =) = QM
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Example 4: Evaluate the line integral using the Fundamental Theorem of Line
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