Electrodynamics, Course 191210410(1), Block 1A, 20134201  Exercises Il 11.09.2013

1. Gauss’ theorem, alternative forms
Verify that Gauss’ theorem can be given the following alégire forms

(a)/V-BdV: B da,
[9)%

(b)/VdeV—— B x da,

(c)/v¢>dv jf $da.

for scalar fieldsp(r), vector fieldsB(r), and integrals that extend over a domgiand its boundarg).
Start by applying the original identity (a) to producdsx B and A¢, where A is an arbitraryconstant
vector.

2. Multipole moments

(a) Compute the first two momenty p of the charge densities
. p(r) =qd(r),
ii. p(r)=qd(r—a),
iii. p(r)=—qoé(r+a/2)+qo(r—a/2),and
V. p(r) = —qd(r) + qé(r — a),
for chargestq at “small” distances:.
(b) Calculate the first three momerdps p, and@) ;. of the charge density
p(r) =—qd(r+a/2)+2qé(r)—qo(r —a/2).
Specify the result fof);; toa = (0,0, a).
(c) Determine the magnetic dipole momentof a currentl, running through a plane loapof “small”
extensions. Does the particular shap€ ofatter?

Program: Replac¢ L JdPr — I § Uds. Verify thatV x (b x r) = 2b for an arbitraryconstant
vectorb. Use a cyclic shift of the triple product- (Ll x L), and apply Stokes’ theorem. Alternative:
Recall the geometrical properties of the vector product.

3. Dipole fields

L . 1 .
(a) Show that the electric dipole potential ¢p(r) = b'r
dmeg 13
L 1 3(p -
relates to the electric field Ep(r) = (p-r)r P .
4meq rd r3
(b) Show that the magnetic dipole potentiadp(r) = Z—O m ? r
r
o . 3(m -
relates to the magnetic induction Bp(r) = 2 <(m75r)r _ ﬂ3> ,
47 r T

(c) Write the potentialp in spherical coordinates.

(d) Write the fieldE in spherical coordinates.

(e) Verify that you receive the result of (d) when you derilre field in spherical coordinates, starting
from the result of (c).

You might wish to apply the rules for the evaluationdfa - b) andV x (a x b). Keep in mind thap
andm are constant vectors. In previous exercises you alreadyot@dV (r*). Use the direction op
as the polar axis for the evaluation in spherical coordmate

Hand in your solutions until Wednesday, September 18, 10380d Iuck!



