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(a) Use Stokes’ theorem to show thatVx(VT)=0 for any scalar field T.

(b) Use divergence theorem to show thatV-(V x A) =0 for any vector field A.
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2. Consider the vector field F= =

f . Compute the line integral I—F -dl, where C
C

is the straight path starting at (r,,0,¢) andendingat (r,8,¢) (in spherical

coordinates). What is the line integral in the limit when r; —o0?



(@)

(b)
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By Stokes’ theorem, for any T and for arbitrary surface S,

[.(vx(VT))-da=[LVT-dI,

where C is the boundary of S (and is therefore a closed path).
By the fundamental theorem of calculus,

[[LVT.ou:o,

for any closed path C.

Therefore L (Vx(VT))-da =0 for any surface S, and hence

V x (VT ) =0.
By divergence theorem, for any A and for arbitrary region g,
[ V-(VxA)dz=[[|(VxA)-da,

where S is the boundary of ¢ (and is therefore a closed surface).
By Stokes’ theorem J'S (VxA)-da= [fj A.dl.

Boundary of S

For a closed surface, there is no boundary.

So [fL(VxA)-da =0 for arbitrary closed surface S.
This implies IVV-(VxA)dr =0 for arbitrary region ¢, and hence

V-(VXA):O.

When r; — oo, —IF~dI:l
r
C



