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1. (10%, 10%)

A long coaxial cable of length / consists of an inner conductor (radius a) and an outer
conductor (radius b). It is connected to a battery at one end and a resistor at the other, as shown
in the figure below. The inner conductor carries a uniform charge per unit length A, and a
steady current / to the right; the outer conductor has the opposite charge and current. [Hint:
assume the two conductors are held at a potential difference V]

(a) Calculate the E and B fields.

(b) Calculate the inductance and capacitance per unit length.

2. (20%) Two very large metal plates are held a distance d apart, one at potential zero, the
other at potential V) (as show below). A metal sphere of radius a (a<<d) is sliced in two, and
one hemisphere placed on the ground plate, so the potential is likewise zero. If the region
between the plates is filled with weakly conducting material of uniform conductivity o, what is
the resistance R between these two plates?

V=V0

3. (10%, 10%)
(a) Write down Maxwell’s equations in differential and integral forms.

(b) Prove the conservation of charge using the Maxwell equations.




4. (10%, 10%) A circuit consists of a battery of potential &, an inductor L, a capacitor C, and

a resistor R in series.
(a) How does the current rise as a function of time, /(¢)?

(b) How does the current decay as a function of time, /(¢)?

1 L ol

Decay a
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5. (10%, 10%) A point charge g is held a distance d above an infinite grounded conducting

plane.
(a) Find the electric field on the grounded plane.

(b) By integrating Maxwell’s stress tensor over this plane, determine the force on the charge

q.
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1.(a)
Consider the charge and current reside on the surface of the inner conductor.
We apply Ampere's law and Gauss's law

From Gauss's law

V-E=L(1%)
80
and the integral form is

$E-da= Lo, = 2msiE|= 212%)
& £,
then the electric field is

E= A
27E,s

v >

(2%)

From Ampere's law
VxB = u,J (1%)
and the integral form is

qSB-dl =y, = 2ms |B| = ol (2%)

enc

then the magnetic field is

] ~
B=2"¢| 2%)

27s
(b)

The electric energy in the coaxial cable is

2
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this magnitude is equal to %C V? (1%)

b b
and V:IE-ds:j A ds = A lné

/ Y 27EyS 2rg, a
We obtain %z 27290 (1%)

lné
Similarly,
L ! [1B[ dz (1%)
2 2u,
I 2z b 2 2
L [|B dr = jdzjdqﬁjsds[”ol] S RN
2u, 2000 %Y 27s dr  a
and hence, we obtain|— = ﬂlné (1%)
[ 2m a




(1) Vlower plate (l", 6 = 7[/2) = 0
Boundary conditions 1 (ii) V. (a,6) =0
(111) upper plate (l" cos 9 = d) = I/0

General solution V' (r,6) = Z (A" +B,r"")P(cos0)

=0

B.C.(i): V(r,z/2)= ) (Ar'+B,r""")P(cos6) =0, since P,(0)=0

=13,5...

B.C. (i) V(a,0)= Y, (4,a"+B,a"")P(cos0)=0, = B, =—a’"'4,
(=1,3,5...

20+1
a

B. C. (iii) V(rcos@=d) = A(d' ———)P(1)=V,, sinced >>a and P,(1)=1
{4 d(+1 ‘ 0 ‘

1=1,35...

4 =&, A,=0for/=3,5,7,
d

3
V(r,0)= & (r- a_Z) cos @, {Ex. 3.8, a metal sphere splaced in a uniform E-field. }
V24 v,
E=-VV = (1 + —) cosOr +—~ (1 - —) sin 60 {Check the field.}
r

I=J-J~da:a_|.E-da:a J. E-da+o J. E-da

sphere plane

ajoﬁ/z——(l+2—)cosﬁ 2ra’ sm0d49+a.|. % (1——) 2rrdr

™ 2
Yy 3ra’V, j /2Si v, (1 __) .
2

= —G—Sjm o + 0'&(7r(R2 —a’)+ 27r(a—— a’), A=nR’

d d R
from the hemisphere from the plane
A 6rd’
(—— p W
e d
So the resistivity 1S R = —_—
o(A—6ra”)




3.(a)differential form:V - 75 = % V-B=0

o

> OB - - OE
VxE=—— VxB=u J+ —
at ﬂa ILIO o at
integral form: §E~da:2 fB-da:O
80
§E d?:—ﬁﬁ da §B-dl=u,l+ue ﬁj?:-dz
ot ’ ot
(B E=="153)
dQ - -
b)0= T —==-|J-d
1Y !pd . j
[Laz=—[v-Jar S P y.J (R 3
Ot Ot
or V-fo?:yov-}+ygeoava;E:O
V=g P L%y
&g,0t ot
t@e-LTC2om iy v 1=9C o
dt ¢ dt
2
L0 RO O ¢
dt’* Ldt LC L
For homogeneous sol:
‘lAJ Q:ell
~R (Rjz 4
L L L
/12+£/1+L:0 A= (2 57)
L LC 2
Qh:M['i‘Bgﬁl

For particular sol:
Qp:C & (1 7})

IR Q=0 Q=QutQs (153)

2
0 =22 8L, 0 o (55)
i1 R homogeneous PR A (2 57)
g (153)

OB IR Q (0) =ce (173)




5.(a)
The potential of a point charge is given by

V(r)=
Using the method of image, we can obtain the potential

_ 1 q 1 4 0
V(r) 4re, |r—r'| ! 4re, |r—r"| (%)

1 q o
4re, |r -r '| (&%)

where ¢'=—q, ¥ =xX+yy+zz, r'=dz, r''=—-dz

therefore V' (r) = 9 ! = ! = | (3%)
4z, \/x2+y2+(z—d) \/x2+y2+(z+d)
and the electric field on the grounded plane is
q 2d
4re, (

N >

E(z=0)=-VV(z=0)=|-

(3%)

)A

xz—Iryz+d2

(b)

Since there has no magnetic field, the poynting vector vanishes. (1%)

Hence the force is only due to Maxwell's stress tensor, and the x component and y component of

electric field is equal to zero

T, =0fori#j
1
T, =§E2 where £ = |E| (4%)

Then the force on the plane (its normal vector is 2) is

2

F =T ada = (T4 Ty + Tida = | d jdygo[lj q 2d 2 %)
R 2 )| 4rg, (x2 24+ d>
%0 0 y +d
2 27 © 1
=ﬁ[ 9 j 4d’ [ dg[rdr————1
2\ Az, o 0 (}”2 +d? )
2
= q 7 Z
l67e,d
2
Because the plane and the charge attract each other, the force on the charge is T 4 7 z| (3%)
g,




