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Massachusetts Institute of Technology
Department of Electrical Engineering and Computer Science
6.013 Electromagnetics and Applications
Problem Set #2 SOLUTION
Fall Term 2005

Problem 2.1
a. By the divergence theorem;

IVo(V X K)dV = SB(V X K)-dﬁ where S encloses V.
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By Stokes’ theorem:

[(VxA)da=¢Adl

S’ C

Suppose S’=S is a closed surface

Or S’ is an open surface with boundary contour C. i.e., S’ is the same as S, except for the
curve C, which makes S’ not a closed surface.
Now consider the limit as C>0;
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So that S’=S.

ifcisothen [(VxA)da=@Adl =0and [Ve(VxA)dV =(VxA)da=0
S’ C \ S

Since V can be any volume, the argument of the integral must be identically 0:

V-(Vx K) =0

b. A=Al +AT +Al inthecylindrical geometry.
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c. From stokes’ theorem
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dl' = dxi, +dyi, +dzi, dl
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Since S can be any surface, the argument of the integral must be identically O:

Vx(Vf):
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Problem 2.2
a. The total z directed current on the cylinder is:
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b. By Ampere’s integral law gsc H.ds = L Jeda
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c. Thecurrentdensityat r=R, is: KZ=—H¢(r=R2)=—H
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d. The total current on cylinder of r=R, is: I(r=R,)=27R,K, SN

Problem 2.3
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a.  The total charge on the sphere is: Q= J' pO(R]Ar r2dr 47[,070R
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b. By Gauss’ law in free space @ E.da = —IV pdV
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c. The surface charge on the sphere of radius R, is: o, =—&E, (r=R,)=— oRy
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d. Thetotal chargeat r =R, is: q(r:Rz):o-s47zR22:_T:_q
Problem 2.4
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b. V(t)—T{Em(“EHw'oCOS(ﬁ)

di
with the values given in the problem statement v (t) = dtf =1.35c0s(1207t) mV

c. The coil should be placed vertically centered on the wire so that half the coil flux is positive
and half is negative so that no net flux links the coil.




