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1)

b)

24)

e—r/a —rla

—-E=¢qy— (1+£)?; Gauss law gives that the total charge, Q(r) within a

D(r)=qq .

Amr®

sphere of radius ris Q(r)= E(r)=r2E(r) = qoe"/“(1+§). This charge includes the

original charge at the origin. We may here see that this quantity goes to zero as the radius goes to
dQ(r) _ _40" -rja

infinity, which answers the second question. Now, " > and
r a
dQ 2 1 do r) P 1 do(r 3
Gind = jd - j4 dr—5 = =[d yo— —_jd FP;,4(r); thus
1 do(r ) do - 1
pmd( ) Ay 27 :_4n_mze e =~ 2(I)(r)

We have aready found that ¢;,;, = —qq but let us also rederive this with direct integration:

Gind = strpind(r) = Idr—d?lir) = —%J.drre_r/a =lr—ral = —qojdrre_r
0 0

}:—q0[0—0—0+1]:—q0

—r Ll —r —r (<) —r oo
=—qp| —re ‘ + Jdre =—qp| —re ‘ —e
Clo{ o) ] 610[ 0 0

Monopole moment: O (total charge is zero)
Dipole moment: O (i nversion symmetry)

"
0,= ] anf a Jatoono, - %)

—oo

2
Opp = jdxpo(:%x2 ~2%)+ jdypo(s- 0? - %)+ Jﬂda)apl(3(a cosp)” — a’)
0

—a —da

3 3 2 2 2

a a a 2| 2a°q 2 4a“q

=pol 4——-2— |+ p12ma| 3— — =—Z1-2a°g=—+
Po( 3 3] Pr m[ 2 . j 3 @ 3

a a 2
Oy = depo(3y2 - yz) + depo(3~ 0% - x2) + fdwpl(?’(agn@)z - az)
0

—a —a

3 3 2 2 2
a a a 2| 2a°q 2 4a“q
=po| b——-2— |+ p12ma| 3— - =——>-2a°g=——
po( 3 3] P1 71'6{ 5 aJ 3 aq 3

a a 2
Q=0s3= jdeo(3' 0° - xz) + dep0(3~ 0% - y2) + qu;apl(g. 0? - 02)
0

—da —a

3
O1p=001=013=031=0p3=03=0

3 3 2 2
a a da 8a
= Po(—Z— - 2?] + Plzm(—az) = _Tq +4a°q = Tq =-011-0»
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2b)
D(r,0) = DY (r,6) + P(r,0) + D (r,0) +
3cos?6 -1 2 (3cos?6-1
:O+O+£Q(—3)+...:2aq( 3 )_|_
4 r 3 r
3.
y A
3Py
2po
b c d e
@ gﬁrE.dlz jE-d1+jE~d1+jE-d1+jE-d1
, . a c d o | .
JE-di="| E,[(20,/p)cospp+sine|-2pdpp= [ E[sne]-2pydp = E,2p,[-cose]l
a =60° =60°
—Eopo (\/5_1)
c P=5p9 . _ ~ . P=5p9 X =50,
jE -dl= j E,[(p/p,)c0s30°p+sin30°¢ |- dpp = j E,(p/p,)c0s30°-dp = E, (1/ p,) cos30°[ p /21p=2p0
b P=2po P=2po
= E,p, 21J/3/4
d =60° . . . =60 -
JE-d="[ E,[(5p,/ps)cosgp+singp |- 5p,dep = f E, [sing]-5pyde = E,5p, [ cose]l
c @=30° ¢=30
= Eop,5(v3-1)/2
d p=2p, . ~ P20 p=2po
JE-@=" [ E[(p/p,)c0s60°p+5n60°G]-dpp="| E,(p/p,)cos60°-dp = E, (Y p,)cos60°[ p/2] "
¢ P=5pg P=5pg
=-Eyp, 21/4

B dl = Eyp, | (—V3+1)+ 21V3/4+5(v3-1) /2 - 21/4 | = Eyp, =~ (Jé 1)

(b) mz:ﬁ[olﬂa[owz%[%msm)—%«p/po)cosw)}z%{up/po]

=60° p=5p,
[ (VXE)-as= I( AL (P[1+p/po]2]-(pdpd<p2)= [ | dpdgE,sne[1+p/p,)
I 9=30° p=2pqg
L one
=E, [ dosing [ dp[L+p/p))=Ey[-cosol [ p+p*/20,] " = Eopo (fﬂ 1)
g-30° p=2po _—

which agrees with the result in (a). Q.E.D.
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4,

3
EMF = §E-dl = | dx5-[Asin(ke-or)5]+ j;’dyﬁ-[Asin(ka—wz)fz}fodx)%-[Asin(kx—wt)ﬂ
C

0 0

+fh0dy§ [Asn(k-0-wt)y]= _[Zdy[Asin(ka —ot)— Asn(-wt) | = Ab[ sin(ka - wt) +sin(wt) ]

b)
EMF = = j—— dS=[B| z|= jdxj dy[-A(-w)cos(kx - a)t)]

zAwb[sm(kx—a)t)T Awb[sm ka—ot)—sin(-ot) | = Ab[ sin(ka - wt) +sin(wt) |

c k ck

©)
EMF = Ab[ sin(ka - wt) +sin(wt) | = AbZSin(ka — a;t - wt)cos( ha - or - wtj

2
= AbZSin(%a) cos(%a - a)t)
[ -

Congtant Oscillating with
amplitude 1

The signal disappears completely for ka/2=nm, n=0,12,...,i.e for
(2z/A)aj2=nm —>a=nA;n=01,2, ...

Largest signal for ka/2=n/2+nm,n=0,12,...
(2n/A)a/2=r/2+nw > a=21/2+nA,n=0L12, ...




