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Problem 1 (15 points) Find the first two non-vanishing terms in the multipole expansion of
tlrc elcctric potential l/ for tiic thrco poirrt ch:rrgcs gt, 4,2, arrd q3 rvit]r positiors r'1, 12, irr]{l 13

suclrtlrat11-Qzan<l q3--2qt.rl-ai,12--rri.arrclt:t-rL,y.u,'lrglcoislpositivcrcal
palarnctcr, ancl i arrrl y arc rcspcctivclv thc urrit vcctrtrs along tirc :r:- arrrl u-axcs.
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Problem 2 Consirlcr a }iornogcnous ilon sphcrc of radius fr zrncl rnass t.krnsitv rl that carrics

tr chargc Q ancl a uniform rnagrrctizatiorr M along thc z-axis, r.c.. ,I1 ,: lMl is constarrt ancl

M : ,\12. Thc sphcrc is initiallr' at rest arrcl placcd irr vncuum r,r,ith no fbrccs actittg itpon it.

2.a (5 points) Find the electric field for this configuration.
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2.b (20 points) Given that the magnetic field outside the sphere is given by

g - _1,!! (.t "ord r - .in g g) 
.

lzrt''t \ /

n,itir rn ::4trR31[/3, find the angular momentum stored in the electromagnetic field for this
configuration.
Note: Ther Poynting l.cctor and the lirie:rl nxlricntum clcnsitr. arc respcctivcly girrctt liv
S :: E x H and g:: e pS.
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2.c (10 points) suppose that we gradually heat the sphere so that it undergoes a uniform

demagnetization. Show that this causes it to rotate. F ind the axis of rotation and the angular

velocity co of the sphere about this axis after it is compietely demagnetized' 
+

A ++{- d<*vvr^ lP*h"a-*Hr* V\ -q s '' fl .---r o =) L *t O

Bb *1-h4 '{rytf-&\^Lg^/ 
Y\^e: s 't'l\{'w'n'* c"or'&t'u r'l"b*

/V^*s $rm S i.,l'o Ynsc'f" *rv"c*t- o'n^'%T-tt^r-r

.- CI nroQvrn :
yY\a r\,1 f.\&,",.!* -:.l L ,..**, = 

/-ffi t' --)
4

-1*h., s?}rarzr. vq*'t{o* ovlon*\ L arxiS' -Lo

-nq*&", $rr,-1wr*..-tt
(^r-( C,a w'"'1 ur{:t

Covr"pq-l( ,'tt -nq*&"' $rn-1w"tt-t"' (r't- * "-nli
drr3Z

A L : (rxt-r) ddr={i^er'lv[$
rnc4L \\ .r\

qYsr€ ) u t

-A/\C".t =
N/\r rx*q
r-4AA

, F.,'E i - c^a (c-Y x +s*'t \ )l
.^R .o c 2a\

=

I
:) L rn..,L

r R f-7t z ^

=tr\4..\ Jrr'{\&s sn"8 z
JJ
:*--* -t -'-\'--*-

^ (*-tI+s*rqrJ{"Lt* z -c.-8

t tt Rtd,cr

5,t *Q*
\(rT\z&R,'

z
\S

d
S

!
3

-:)



€) =)

_{
,1

H
F\,) I

=o

Problem 3 (15 points) Consiclcr a, stationarv, hornogunoous. isotropic lincal mcdium lvitlr
pcrmittivitv e. pcnrcabilit-v pl, t'rncl conductaricc o. \\iritc dorvn thc Nlaxu,cll's crlrations an<1

derive the modified wave equation satisfied by every magnetic field B irr tliis rnerdinm.

Hirrt: Vtrr rra\'lrso tixr iclcntitr,. V x (V x B) : V(V B) - V2B. rrithont proof.
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Problem 4 C'ousiiicr a slab ntatlc of a statiouarY. hourogcneous' and isotropic lirrear diclcctlic

rntrtcrial u,ith pcrmittir.it-v ; attci pcrtncability pl. Supptlsc that tirc slab occt-tpics thr'r rt'girxt

1.;: {(r, U.z) ._R, I 0 1- z 1/}, u,hcrc / is t}rc slab's thic}<rrcss, truri tliut t}rr:rc is a trorttralh-

ilcidcnt m11nocllrorriatic planc uravc -nvith augrtlar frcqucrrtlv u. polarizatiott vcctor i' aticl s-art

'.ctor A2 rvith l;: *lc:. A part of this wave is reflected from the boundary of L'loctrttrcl

at z :0. Thc rcst passc.s through thr: slab. cxits fiotn its bonu<lar)'loctrttrtl at z: l-' trnrl

lrropagatcs tou,a,rcls 2 - lcXj.

4.a (10 points) Write down the expression for the complex electric and magnetic fields modeling

tlrc abur,csccnariofol z < 0.0 < z1l. anrl u > lintr-'r'rnstlf c, A:.o'' iurdthtlrcftatltivcindcx
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4.b (15 points) Usc thc matching conditions At z - 0 ancl z - {. t,<t dctcrrnirrc holr, the anrpiituclc
of the complex elcctric fields for the reflected and transmitted waves are related to the amplitudc
of the complex electric field for the incident wave.
Notc: At thc bound:rrics of I, , thc parallcl comporicnts of E arrrl H fields, arrd the orthogonal
r:ornporxrnt of D iincl B fields are continuous.
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4.c (10 points) Compute the reflection and transmission coefficients for the slab.
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