6th Exercise Sheet: Electrodynamics, Summer Term 06

Prof. M. G. Schmidt, J. Braun
June 2, 2006

Submission on June 9, 2006 during the lecture

6. 1. (Prasenziibung: infinite long cylinder and magnetic ﬁelds, 1+1 marks) Consider an infinite long
conducting cylinder of radius R with a homogenous current flow j. (homogenous current flow means that j
is constant in the entire cross section of the conductor)

(a) Calculate the vector potential A(%) inside and outside of the conductor.

(b) Calculate the magnetic induction B(Z) inside and outside of the conductor.

6. 2. (point charge and dielectric matter, 5 marks) Consider a point charge ¢ that is located in the vacuum at
the origin » = 0 with distance a from a dielectric half-space (dielectric constant €).

(a) (3 marks) Prove that the potential in the vacuum can be written as

/
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and in the dielektric half-space as

/!
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Calculate the parameter b and the charges ¢, ¢”.

G2 =

(b) (2 marks) Calculate and sketch the electric field of the arrangement for € > 1 and € < 1.

6. 3. (vector potentials and gauge transformations, 4 marks) Consider a homogenous magnetic field in z-
direction. Construct this magnetic field by two vector potentials, one of them pointing in the z-direction and
the other one pointing in the y-direction. Find a gauge transformation that connects both potentials.

6. 4. (rotating ball and Coulomb-gauge, 9 marks) Consider a rotating charged ball of radius R. The charge
Q@ of the ball is distributed homogenously on the surface of the ball. The ball rotates with a constant angular
velocity w and the rotation axis is passing through the centre of the ball. (Hints: It is convenient to use spherical
coordinates!)

(a) (2 marks) Write the charge density p and the current density vector 7 by means of Delta-distributions
and verify that v ; = 0.
(b) (4 marks) Calculate the vector potential A(Z) such that V - A = 0 (Coulomb-gauge).

(¢) (3 marks) Calculate the magnetic induction B(Z) and prove by an explicit calculation that the field
equations

V-B=0 and ﬁxéz—j

are fulfilled.
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