Opti 501 Solutions 11
Problem 2.44)

a) Symmetry dictates that the E-field be radial and independent of the azimuthal and vertical
coordinates ¢ and z, that is, E(r, ¢, z) = E,.(r)#. Now, imagine a cylindrical surface of radius r
and height h centered on the z-axis, as shown in figure (a) below. Application to this cylinder of

the integral form of Maxwell’s first equation § . gE-ds= [ pgedv yields
nr’hpy; T <R por/(2€0); r<R,
2nrheyE, (r) = - E.(r)=
TR2hpy; r >R poR?/(2g47); r = R.

b) The current-density is the product of charge-density and velocity, that is, ] = pyv,Z.

¢) Symmetry dictates that the H-field be azimuthal and independent of the azimuthal and vertical
coordinates ¢ and z, that is, H(r, ¢,z) = H,(r)®. Now, imagine a circular loop of radius r
centered on the z-axis, as shown in figure (b) below. Application to this loop of the integral form

of Maxwell’s second equation ﬁloopH de=[ . J-ds yields
Tr2povy; r<R YopoUoT; r <R,
2nrHy,(r) = { oro -  Hy(r) = { e
TR?pyvy; T = YapovoR?*/T; T =R.
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d) The Lorentz force-density is given by
f@rt) = p(r, O[E(r, ) + v(r,t) X B(r,t)] = po(E,# + povo2 X H,P)
= po(Er# — ovoH,?) = polpor/ (220) — (o) (Hapovor) 1P
= Yauo(c® — v§)pg 1t

It is readily observed that the radially outward push of the electric force is proportional to
c? = (uo&o) 1, whereas the radially inward pull of the magnetic force is proportional to vg.
These two forces will cancel out only if vy = c.




