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I. Suppose the entire region below the plane z = 0 is filled with a uniform dielectric
mahanalmth&elmhcmnstanirandapmntchﬂrgegmlmﬂedat(ﬂﬂ,d)

(a) Calculate the induced surface bound charge density a; on the plane z = ¢ as a function
- of distance 5 = (x*+7)"? from the origin. (Hint: The z-component of the electric field just
betow z = 0 due 10 03 only is —55/2¢,.) (10 points) |

(b} Calculate the z-component Ex of the electric field at z = [}and;ustmmdethedwlautnc
as a fimction of 5. (5 points)
{G}'I'heela:u'mﬁeldms:dethﬁdiﬂlecuicisthesameasifQischangede’andﬂE
whole space is occupied by the dielectric. Find out 0, (5 poinis)

2. Consider the magnetic field produced by a thin rod of radins R and length 27, with the
rod center taken as the origin and the z-axis along the rod.
(a) If the rod has a uniform surface chavge density o and spins around z-axis at an angular
velocity @ pointing +z-axis, calculate the magnetic induction B at (40,0, where

d >> R, (Hint: The resultant B has z-component only. Also E——-—[S(ﬁ “T)T — Mt}

from a magnetic dipole .} (10 points)
(b)Find out B at the same location if the rod is at rest with no surface charge and hasa

uniform magnetization M pointing +z-axis. (5 points)

3. Consider the propagation of electromagnetic waves in a conductor with D= ¢E,
B=uH,and J=4F, where ¢, 4, and & depend on frequency only.
{aj Derive the dispersion relation between the wave mumber £ and angular frequency @
from Maxwell’s equations. (Hint: Take free charge density gr= 0.} {5 poinis)
(b) Obtain the skin depth &, i.e. the distance that an electromagnetic wave travels with its
amplitude teduced by a factor of 1/e, fﬁragoodmuduﬂﬂr(makaanmﬂ_appmpnaba
assumptions). {3 points)
{¢) Suppose the mumber of free electrons per unit volume is N and a damping factor 1/7
.exists for the average velocity ¥ of the electrons, Write down the equation of motion
for ¥ (ignore the infleence of magnetic field) and pet the complex o. (4 points) e
{(d) Obtain the critical angular frequency @, that the waves with frequencies higher than
clp Will propagate without atienuation and explain the reason, (Hint: @7 >> 1.} {3 points)
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4. E=E,(SinbH) [ cos(kr—wt) - ( 1kr) sin (ke —wijo , where wik =c
{a}ShnwthﬂEnbeysaﬂfmrﬁfMaxweﬂ‘sequaﬁnns,invammn,andEﬂdthe
associated magnetic field. (10 points)
{h}CﬂcﬂﬂcﬁePnynhngW&vmgeSmaﬁ;ﬂcyclehgﬁtbemmnmy
vecior . {10 points)

{c) lntcgrateluvere;sphaenfr&diusR(fl-da)mgctthemml {average) power
radiated. (5 points)

5. Assuming negligible damping {v;= 0), calculate the group velocits (v dwfdh} of
the waves described by _

E{x,t)=Ene""‘eM ( 5 points }
and k = wic [ 1+ (nq2méy) ,];j fi(w2 - W) tyw]

show that v, < ¢, even when v>¢ (5 points)

6. Explain (1) Why the sky is blue (daytime) (5 points)
(2) Why the Ocean’ s color is light blue or deep blue depends on the depth of
the water. {10 points)




