Summary of Section 16.3

F=VfonD
]] Theorem 2

F conservative on D ?}gﬂ V X F = 0 throughout D

( /; BF - dr is path independent in D) (i.e. F satisfies the component test)
]] Theorem 3 (&= only if D is simply connected)

%F-dr:[}
C

over any closed path in D

Note:
i j k

VxF= i E i (@—ﬂ)l+(ﬂ—-@)j+(ﬁ—ﬂ)
ox dy oz dy 0z dz  ox ox dy
M N P

F=Vf= M=, N=f,, P=[,satisfies b, =N,, M\,=P, N, =M,
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Given a vector field 1-5", how to determine if Fis conservative?

Step 1: Apply the Component Test
For 2D Vector Fields F= (M, N):

1.1 d—” ==, Fpasses the 2D component test.

M 4 oN, = :
2. If o # = Fis not conservative.

For 3D Vector Fields F= (M, N, P):

g oM O d—:, fpasses the 3D component test.

LR b i Ll

2N ‘%“ # N or ':i: # — PorN ;E 9. Fis not conservative.

Step 2: If F passes the component test, check the domain

1. If the domain is open and simply connected: Fis guaranteed to be conservative
(Green's Theorem). Proceed to Step 3.

2. If the domain is not simply connected: The component test is not enough. fmay or
may not be conservative.

1. To prove it is conservative: You must directly find a global potential function f.
2. To prove it is not conservative: Show that a line integral around a closed loop

enclosing a hole does not equal zero.

Step 3: Try to find the potential function
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