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fah(? T) - dlis independent of path taken from a to b.

b
fa (VT) -dl = T(b) — T(a).
P

$(VT)-dl =0, since the beginning and end points
are identical, and hence T'(b) — T (a) = 0.

o —

. 1:  [(V x v)-da depends only on the boundary line, not
f (V-v)ydr = % V.98 on the particular surface used.
V
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e e —— e —

X - 2: 56{_? x v) - da = () for any closed surface, since the

| boundary line, like the mouth of a balloon, shrinks
(Vxv)-da=W¥v-dl down to a point, and hence the right side of Eq. 1.57
S P vanishes.

L —
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VxF=0=F=-VV Jsl 4028

Curl-less (or “irrotational”) fields. The following con-
ditions are equivalent (that 1s, F satisfies one if and only
if 1t satisfies all the others):

(a) V x F = () everywhere.

(b) [P F - dl is independent of path, for any given end
points,

(c) ¢ F - dl = 0 for any closed loop.

(d) F is the gradient of some scalar, F = -V V.
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Divergence-less (or “solenoidal”) fields. The following
conditions are equivalent:

(a) V - F = 0 everywhere.

(b) [ F-dais independent of surface, for any given bound-
ary line.

(c) ¢ F - da = 0 for any closed surface.

(d) F 1s the curl of some vector, F =V x A,
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