Physics 405
Problem Set #12: DUE 5/4/2007
Read Griffiths Chap. 6

Problem 1
A World of Magnetic Monopoles
In our universe, as far as we know, there are no magnetic monopoks (magneic
charges). In this case éectric fieldsare generated by electric charges, and magndic fields
by electric current (moving electric charges). For steady currents (el ectro- and magneo-
static), Maxwell's equaionsread
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where the subscript E is shown to emphasize tha these are do to electric charges, with
solutions
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In addition, we can definea scalar potential Vg, and avector patential Ag, such that
E=-VV.,andB=VxA_ (with! "A =0), whos solutionsare
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wheez=r!r".

Now suppo® there were magnetic monopoks. Magndic charges would then bea source
for themagndic field, and moving magneic mongoles would be a source for electric
fields(as electric currents are sources magndic fields). Themodfied Maxwell equaion
for electro- and magneo-statics may then appear as.
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where (/¢ ,J.) arethechargeand current dengty for electric monopoks, and (!, ,Jy)

for themagndic monopoks.
(& Showtha inthisuniverse
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(Tha is show tha these satisfy the new "Maxwell's equaions
Hint: follow Griffithssect. 5.3.2).

(b) Defineapair of scalar and vector potentials (V,A;), and (V,,A,) such tha

E=1"V.+" #A,, B=!"V, +" #A,

Problem 2

(& Showtha in aregion of space where B is uniform, the vector patential is
A(r) =Er!'B)/2. Thaisshow! "A=0and ! #A=B

(b) Usingtheform above find the vector potential for an infinite plane (x-y plane) of
surface current, with K = KX.

(c) Showtha unde agaugetrandormationthevector potential takes theform,
A= sign(z)%zi)



Problem 3

(&) Findthemagneic dipole moment vector of a sphere of radius R uniformly covered
with surface charge" rotating aboutthe z-axis with angular velodty #.

(b) Wha isthemagnéic field for distance r>>R?
(Theanswver youfindis actudly exact for any r>R. A rotating sphee of chargegives
rise to apure dipole field as discussed in class).

(c) If themass m of the sphereis concentrated at theradius(i. e amassive spheica
shdl of radiusR) and thetotal chargeonthe sphereis g, wha isthe"gyromagnédic ratio”
: theratio of the magndic moment to the angular momentum.

(The pamanent magndic moment of theeectron dueto its "spin" is afactor of two
different fromthis modd: a classical spinning sphee of charge)



