
Tentamen i Elektrodynamik I den 5 januari 2015, under tiden 9.00-14.00.
Lärare: Ingemar Bengtsson. Hjälpmedel: Penna, suddgummi och linjal.

————————————————————————————————
Bedömning: 4 poäng/uppgift. Betyg: 0-2 = F, 3-6 = Fx, 7-9 = E, 10-12 =
D, 13-15 = C, 16-18 = B, 18-20 = A.
————————————————————————————————

∇ · B = 0 ∇ × E + ∂tB = 0

∇ · E =
1

ǫ0
ρ ∇ × B −

1

c2
∂tE = µ0j

1. Prove the mean value theorem: for charge-free space the value of the
electrostatic potential at any point is equal to the average of the potential
over the surface of any sphere centered on that point.

2. The time-averaged potential of the neutral hydrogen atom is given by

Φ =
q

4πǫ0

e−αr

r

(

1 +
αr

2

)

. (1)

where q is the magnitude of the electronic charge, and α−1 = a0/2, a0 be-
ing the Bohr radius. Find the distribution of charge (both continuous and
discrete) that will give this potential and interpret your results physically.

3. Define a vector potential on a region of space strictly outside the z-axis,
such that A(x) is independent of z, gives a vanishing magnetic field, and
cannot be gauge transformed to zero. What is its physical interpretation?

4. Explain qualitatively why metals have a work function: you have to supply
work in order to remove electrons from it.

5. The retarded solution for the electric field is

E(x, t) =
1

4πǫ0

∫

d3x′
1

R

[

−∇′ρ−
1

c2
∂J

∂t′

]

ret

. (2)

Derive the equation relating [∇′ρ]ret and ∇′[ρ]ret.
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Tentamen i Elektrodynamik I den 31 oktober 2014, under tiden 9.00-14.00.
Lärare: Ingemar Bengtsson. Hjälpmedel: Penna, suddgummi och linjal.

————————————————————————————————
Bedömning: 4 poäng/uppgift. Betyg: 0-2 = F, 3-6 = Fx, 7-9 = E, 10-12 =
D, 13-16 = C, 17-20 = B. You can raise your grade one step by solving one
Jackson problem on my blackboard. The problem will be chosen at random
from chapters 1 to 6. If you want to do this you have to notify me per email
(ibeng@fysik.su.se) no later than Friday, November 7. (I will be able to tell
you the result of this exam on Wednesday.)
————————————————————————————————

∇ · B = 0 ∇ × E + ∂tB = 0

∇ · E =
1

ǫ0
ρ ∇ × B −

1

c2
∂tE = µ0j

1. Derive the Green function for the Laplace equation, that is a function
such that ∇2G(x,x′) = δ(3)(x,x′). You may assume that the fields fall to
zero at infinity.

2. Place a charge 2q at the origin, a charge −q at (x, y) = (1, 0), and a
charge −q at (x, y) = (cosα, sinα). Compute the first non-vanishing term in
the multipole expansion of the potential, as a function of α. You may adapt
the coordinate system, if you want to.

3. Consider a magnetic dipole subject to gravity and an external magnetic
field. Prove that no stable equilibrium position exists. What happens for
diamagnets? For paramagnets?

4. Write down an expression for the energy density in the electromagnetic
field. Take its time derivative, use Maxwell’s equations, and interpret the
resulting terms.

5. Again using the expression for the energy density in the electromagnetic
field, argue that the electric and magnetic fields in an outgoing spherical shell
of radiation will fall off like one over the distance to the source.
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Tentamen i Elektrodynamik I den 3 januari 2014, under tiden 9.00-14.00.
Lärare: Ingemar Bengtsson. Hjälpmedel: Penna, suddgummi och linjal.

————————————————————————————————
Bedömning: 4 poäng/uppgift. Betyg: 0-2 = F, 3-6 = Fx, 7-9 = E, 10-12 =
D, 13-16 = C, 17-20 = B. You can raise your grade one step by solving one
Jackson problem on my blackboard. The problem will be chosen at random
from chapters 1 to 6. If you want to do this you have to notify me per email
(ibeng@fysik.su.se) no later than Thursday, January 9. (I will be able to tell
you the result of this exam on Wednesday.)
————————————————————————————————

1. Maxwell’s vacuum equations in vector notation and SI units are

∇ · B = 0 ∇× E + ∂tB = 0 (3)

∇ · E =
1

ǫ0
ρ ∇× B−

1

c2
∂tE = µ0j (4)

where c2 = 1/(ǫ0µ0). In tensor notation and Gaussian units they are

ǫαβγδ∂βFγδ = 0 (5)

∂βF
αβ = 4πJα (6)

where Fαβ = −Fβα, ǫαβγδ is completely anti-symmetric, and indices are raised
and lowered by the Minkowski metric. Show that the two formulations are
equivalent.

2. Using the chain rule for derivatives, derive the two dimensional Laplacian
expressed in polar coordinates (where x = r cosφ, y = r sinφ).

3. Take two charges +q and two charges −q, and place them at the four
corners of a square. Compute the first non-vanishing multipole moment.
There will be two different answers, and you should give both.

3



4. Suppose there is a magnetic field confined to the z-axis (i.e. there is a flux
through any surface pierced by the axis, and no flux through any other kind
of surface). Find a corresponding vector potential. In how large a region can
you make the vector potential vanish?

5. Describe the phenomenon of magnetic hysteresis in some (qualitative)
detail.
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Tentamen i Elektrodynamik I den 1 november 2013, under tiden 9.00-14.00.
Lärare: Ingemar Bengtsson. Hjälpmedel: Penna, suddgummi och linjal.

————————————————————————————————
Bedömning: 4 poäng/uppgift. Betyg: 0-2 = F, 3-6 = Fx, 7-9 = E, 10-12 =
D, 13-16 = C, 17-20 = B. You can raise your grade one step by solving one
Jackson problem on my blackboard. The problem will be chosen at random
from chapters 1 to 6. If you want to do this you have to notify me per email
(ibeng@fysik.su.se) no later than Monday, November 11. (I will be able to
tell you the result of this exam from Friday afternoon.)
————————————————————————————————

1. Maxwell’s vacuum equations in vector notation and SI units are

∇ · B = 0 ∇× E + ∂tB = 0 (7)

∇ · E =
1

ǫ0
ρ ∇× B−

1

c2
∂tE = µ0j (8)

where c2 = 1/(ǫ0µ0). In tensor notation and Gaussian units they are

ǫαβγδ∂βFγδ = 0 (9)

∂βF
αβ = 4πJα (10)

where Fαβ = −Fβα, ǫαβγδ is completely anti-symmetric, and indices are raised
and lowered by the Minkowski metric. Show that the two formulations are
equivalent.

2. Use either formulation to prove local conservation of electric charge. Also
prove that when no sources are present all components of the electric and
magnetic fields obey the wave equation 2ψ = 0.
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3. In vacuum, using SI units, the energy density of the electromagnetic field
is

u =
1

2
(ǫ0E ·E + µ0H · H) . (11)

Prove that energy is locally conserved. (Hint: Poynting.)

4. Using suitably adapted polar coordinates, expand the function

1

|x− x′|
(12)

to third order in 1/r, where r is the largest of |x| and |x′|. (Hint: Legendre.)

5. Find the Green function for the Laplace equation (in 3D), given that the
fields go to zero at infinity. For a charge density ρ that is zero outside some
radius, use this to write the general solution of Poisson’s equation

∇2Φ = −
1

ǫ0
ρ . (13)
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