
Written exam, FYTA12, Classical physics, electromagnetism,
June 5, 2015, 10.15–15.15.

Allowed material: (a) one A4-sheet with notes; (b) pens, erasers, rulers and similar tools for drawing;
(c) something to drink, eat, snacks, pillows, towels and similar necessities.

Total of 30 points, 15 will be required to pass.
Note! The problems are not ordered in difficulty.

Read the text of each problem carefully before starting to solve it and make sure to motivate all steps
and assumptions carefully. Use separate sheets for each problem and only write on one side.

The results will be displayed in the theoretical physics corridor as soon as they are ready and at the
latest on Thursday June 11. The re-exam will be on June 18.

1. Electrostatics (8p)
Consider a charged sphere with radius a, consisting of a linear, isotropic and homogeneous
dielectric material, with relative permittivity εr > 1 and relative permeability µr = 1. The
sphere has a free charge Qf and the charge is uniformly distributed throughout the sphere.
The sphere is surrounded by a concentrically placed metallic spherical shell with radius b
carrying a free charge −Qf (this can be achieved by connecting it to ground so that the
potential V = 0).

a) [2p] Calculate the displacement field in the regions r < a, a < r < b and r > b.

b) [2p] What are the electric and polarisation fields in the regions r < a, a < r < b and
r > b. What are the total and bound charge densities in the dielectric.

c) [2p] Calculate the bound surface charge on the sphere. What is the total charge inside
a radius a− δ and a+ δ respectively (δ � a)? Compare with the boundary conditions for
the electric field.

d) [2p] Calculate the electrostatic energy of the system.

2. Toroidal coil (6p)
Consider a toroidal coil with N turns in total, carrying a current I. The number of turns
is so large that each turn can be considered a closed loop. The coil has a rectangular
cross-section with inner radius a, outer radius b and height h. In addition b− a� a and
h� a so that the field is the same as in the ideal case.

a) [2p] Use the Biot-Savart law to write down a formal expression for the magnetic field
in an arbitrary point inside or outside the coil. Use this expression to argue that the
magnetic field is circumferential (only along the ϕ̂-direction if the z-axis is chosen to be
along the symmetry axis of the toroid i.e. perpendicular to the plane of the toroid.)

b) [2p] Use the fact that the field is circumferential to show that the magnetic field outside
the coil vanishes whereas inside it is given by

~B =
µ0NI

2πs
ϕ̂

where s is the radial distance to the center. Be careful that your arguments can be used
to find the field anywhere inside or outside the coil - not only in the plane of the toroid.

c) [2p] Calculate the flux through a single turn and the inductance for the whole toroid.



3. Spinning ring (8p)
Consider a thin circular metallic ring with radius a, conductivity σ and resistance R =
2πa/(σA) where A is the cross-sectional area of the ring. The ring is rotating with angular
frequency ω around an axis along a diagonal through the ring and it is placed in a constant
magnetic field ~B which is orthogonal to the axis of rotation.

a) [2p] Calculate the flux through the ring as a function of time. (Assume for simplicity
that the normal of the surface spanned by the ring is parallel to the magnetic field at
t = 0.)

b) [2p] What is the induced electric field in the ring (neglecting the self-inductance). (If
you have not solved (a) you can use Φ = C1 cos(ωt))

c) [2p] What is the instantaneous power density in the ring and the corresponding total
power produced by the current in the ring expressed in terms of the resistance R. (If you
have not solved (b) you can use E = C2 sin(ωt))

d) [2p] Calculate the (time dependent) magnetic dipole moment that the current in the
ring gives rise to.

4. Gauge Magic (8p)

Consider an oscillating magnetic dipole which, using complex notation, is given by ~̃m =
~̃m0e

−iωt. In the so called radiation zone kr � 1 and using spherical coordinates, the
complex three-vector potential is given by

~̃
Amd(~r, t) =

ikµ0

4π
(r̂ × ~̃m0)

ei(kr−ωt)

r

a) [2p] Show that this is a solution to the homogeneous wave-equation in the radiation
zone. Give a short argument why the source term vanishes in this region. (Choose coor-

dinate system so that ~̃m0 = m̃0ẑ.)

b) [2p] The expression above is given in Lorenz gauge. Use this fact (together with the

harmonic time-dependence) to show that the corresponding electric potential Ṽmd = 0 in
the radiation zone kr � 1.

c) [2p] Use the potentials Ṽmd and
~̃
Amd to determine the (complex) electric and magnetic

fields in the radiation zone kr � 1.

d) [2p] Calculate the time average of the radiated intensity in the radiation zone kr � 1.

What is the total radiated power? (If you have not solved (c) you can use that
~̃
E =

1

r
E sin θei(kr−ωt)ϕ̂ ,

~̃
B =

1

rc
E sin θei(kr−ωt)θ̂)


