6.8
A dielectric sphere of dielectric constant ¢ and radius a is located at the origin.
There is a uniform applied electric field E, in the x direction. The sphere rotates

with an angular velocity @ about the z axis. Show that there is a magnetic field

5
H = —Vd,, where &y => ( — ) goEow (ri) “ XZ
>

5 \et+2¢gg

Where rs isthrlarger of rand a. The motion is nonrelativistic.
You may use thr results of Section 4.4 for the dielectric sphere in an applied field.

P=3s,~ 22 E  byEq.(4.57)
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Therefore, the boud volume and surface charge densities are :
p,=-V-P=0,0,=P-0

n is the normal vector on the sphere surface.

Since the sphere is rotating, the bound surface charge

result an effective surface current with density :

Ky =o,0=(P-n _.=a(P-m)(@xn)=M xn

we identify (P : F)co = a(P ~ ﬁ)a) as an effective magnetization(M).

Therefore, the effective magnetic surface charge density
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wherer_ =min(r,a) and r, =max(r,a).
Therefore the scalar potential
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A transverse plane wave is incident normally in vacuum on a perfectly absorbing flat

screen.
From the law of conservation of linear momentum, show that the

(a)

(b)

pressure(called radiation pressure) exerted on the screen is equal to the field

energy per unit volume in the wave.
In the neighborhood of the earth the flux of electromagnetic energy from the
sun is approximately1.4kW/m?2. If an interplanetary “sailplane” had a sail of
mass 1g/m?of area and negligible other weight, what would be its maximum

acceleration in meters per second squared due to the solar “wind”

(corpuscular radiation)?
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Eq(6.22)
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In Cartesian coordinate system with the z-axis along the wave propagation

direction n=-¢,=(0,0,-1) E=(E,,E,.0) B=(B,,B,.0)
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(b)
F 1.4x103w/m?
YA 3x10®m/s

LF_ Pa Laxi0tw/m?
A m/ 8 -3 2
A /A\ 3x10°m/sx1x10""kg/m

=4.66x107°m/s’
In the solar wind, there are approximately 10 x10* proton%nz sec !
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Consider the Dirac expression —

For the vector potential of a magnetic monopole and its associated string L. Suppose
for definiteness that the monopole is located at the origin and the string along the
negative z axis.

(a) Calculate A explicitly and show that in spherical coordinates it has components

A =0 A =0 A =9(1_°°S‘9)=( g jtan(gj
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(b) Verify thatB = V X A is the Coulomb-like field of a point charge, except perhaps

at 6=m.

(c) With the B determined in part b, evaluate the total magnetic flux passing
through the circular loop of radius R sinBshown in the figure. Consider 6<m/2 and
0>m/2 separately, but always calculate the upward flux.

(d) From ﬁz -dl around the loop, determine the total magnetic flux through the
loop. Compare the result with that found in part c. Show that they are equal for
0< @ <m/2, but have a constant difference for m/2< 6 <m. Interpret this difference.



(a)

2'=0 5 o o
g zdzx(x-22)
AR)=— [ ZHeXr7)
(%) 47[2,]_00 o

[x~22]
_i i , ZxX _i _ __Z du
4 Z.:_mdz ‘pz +(Z B Z,)2‘3/2 T ar (Z X X)l (pz +u2)3/2

letu = p tan@, du = p sec’d

psec’d g . 1 1
)J-p3sec39d€_ﬂ(zXX)?Icost_p2

9

=—(Zx

A

x|

g, A1 u Z g, A1 -Z
= —_— Y/ = — —_— ——— 1
472'(ZXX),02[ u’+ p? L 47Z(ZXX),02[ 7’ + p? " ]

Where,o2 =x2+y2r2=x2+y?+2%,2xX = pg =1s5in0¢
rsm6‘

AX) == -

@)= o[-z
g rsiné Z)-;

_ — 1__
Az r’rsin@ r( rj¢

g (- 0059)5
4z rsing

(b)

B=VxA=T 1 ismeA +¢9—1rA =T 1 g 1-cosf
rsin@ o6 r rsiné@ 649 r

g
Aar

=T

2

(c)



N

1 2
0 </, jB-ﬁda :CO[M_J -Tr? dcosé d¢::¥ﬂ2n[cose]iow :%(l—cose)
cosé 2z
0>7/, [B-nda = _jl AOB-(—?)er cos@ d¢=%[cos€]ﬁ‘f€ =—%(c036+1)
(d)
2z
A -di= jil__c—owrsinedqﬁzg(l—cose)
sodm sind 2

This is same to part (c) in region 8 <n/2,
for @ >mt/2 there is a constant difference of fﬁx dl - I B-nda = g

Obviously, the difference g is the (upward) magnetic flux through the string,
which is included in part (d) but has been neglected in part(c).



