Electrodynamics 1. 9 October 2016

Solution HW 7: Miscellaneous topics in electrostatics and steady

currents
1. Answer:
A
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Let

E = E(r)O(2) + Es(r) O(—2)
VXxE = (VxE(r))O(z) + VO(z) x E(r)
+ (V x E(r))O(—2) + VO(—2) x Es(r)

using V x E;(r) = 0, (on either side)
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is the desired boundary condition.

2. Answer:

(a)
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Eion(r) induces a dipole in the atom, P,iom = aEion(r)
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We now like to find the electric field produced by the polarized atom at the
location of the ion. (Use E(r,0) =

Patom =

1 5(2cos 08, + sin 08&) with 6 = 0.)
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The force varies as —-
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The potential is with respect to when the atom and ion are spaced

2(4meg)?rd
infinitely apart.

3. Answer:

(a)

Oy, Gy,

K=1(vacuum)

A
\J

A
\J

Dy = ggEy =04, (by Gauss’s law)

D1 = €0E1 :O'fl

Since ¢ — ¢9 is the same across the two regions:

Ag
=8 =
L % _ %
£ o
9
= o = 8—00']02:/{0]02

We require,

opxb+op(a—2)b = Q

of,(kxb+ab—xb) = Q
Q K

T bak—D+a) T '
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(b) We have two capacitors in parallel,

xb
01 = 80/13

C=0C+ 0y
QQ
~ 20
_du
dx

u

F =

4. Answer:

(a)

)

02 = 80(0, — CL’)

z—:og(l-@m + (a — x))

2e0(b/d)
_Q2 d 1
20 (b/d) %(/w + (a — 1))
—Q2 B 1 -
2e0(b/d) - (/m + (a — x))2
Q*k 1 .
2e0(b/d) (ka + (a — x))”

(kz + (a — z))
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From Ampere’s law:

By(s) 2nr = ,u027r/ds s j(s)

= DBy(s) = %/dssj(s)

F = q<E+j<—8) ><B(s)>

nq

B~ L (it < B))

ngq

— (i B,

ng

There must exist a radial electric field.

p=p1+p2

where p; = I and p2 is other charge, p, is uniform, while p; = p;(s) varies as the
v

distance from the axis of the cylinder.

D

— E(r)
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E(r) 2nrl = —627T/ds s (pgs) + p2)
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Now j(s) = pi(s)v
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( r 50r>/ 55 s) gor/ e
0 0
/ds s p1(s) = P2 /ds s
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0 R
(s) P2
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A1 1—0v2/c?
Positive charges are squeezed in a little bit.
5. Answer:
Eo (outside)

Potential ()= 0
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o1 ds op(rs)
¢—O N 471'50/ R

1 2
_ 4m0%//sm9 do do 0,0, 6)

o, cannot depend on ¢.

™

1
0= 27 / sind o,(0) df

47’(’60

6=0
= 0,(0) = Oycosb.




