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SECTION A

Q1 (a) The engines of the Millennium Falcon emit blue light (with a wavelength of 450
nanometres). Leia is on the planet Endor and watches Han leave the planet in
the Millennium Falcon, flying directly away from her with its engines glowing
red (wavelength 750 nanometres). Leia notices that Luke is also leaving the
planet Endor, following the same route as the Millennium Falcon, but travelling
in his X-wing fighter with a speed that is one third of the speed of light c.

Calculate the relative speed between Luke and Han, as a fraction of c.

(b) A particle has 4-momentum pµ = (10ac, 0, 0, 8ac), where a is a positive con-
stant and c denotes the speed of light. Calculate, in terms of a and c, the rest
mass of the particle and its kinetic energy.

Q2 (a) Let ` be a positive constant. A point charge q is placed at the origin.

Find, in terms of q and the electric constant ε0, the electric flux through the
surface S,

Ψ =

∫
S

E · dS,

for the following two examples of S:

(i) S is the sphere of radius ` centred at the origin.

(ii) S is the square with vertices (±`,−`, `) and (±`, `, `).

(b) In an electrostatics problem, in a region of space the electric field is

E = λ( y2 + 3x2, kxy, 3z2 ),

where λ and k are positive constants.

Determine the value of k.

Calculate the electrostatic scalar potential, in terms of the spatial coordinates
and the constant λ.
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SECTION B

Q3 (a) The reference frame R′ is obtained from the reference frame R by applying the
Lorentz transformation

L =
1

16


25 −a 15 0
−15 20 −9 0
a 0 20 0
0 0 0 16

 .
Determine the value of the constant a.

(b) Recall that in terms of the electric field E = (E1, E2, E3) and the magnetic
field B = (B1, B2, B3), the components of the electromagnetic field tensor F µν

are given by the entries of the matrix

F =



0 −E1/c −E2/c −E3/c

E1/c 0 −B3 B2

E2/c B3 0 −B1

E3/c −B2 B1 0


,

where c denotes the speed of light.

In the reference frame R there is a magnetic field B = (0, b, 0) but no electric
field. Calculate, in terms of b and c, the electric and magnetic fields E′ and B′

in the reference frame R′ given in the previous part of the question.

(c) Express the quantity F µνFµν in terms of c and the magnitudes of the electric
and magnetic fields. Verify that your result to the previous part of the ques-
tion is consistent with the transformation properties of this quantity under the
Lorentz transformation from the reference frame R to R′.

Q4 (a) Electric charge is contained within a ball of radius R that is centred at the
origin. The electric charge density vanishes outside the ball but inside it is
given by

ρ =
qb2

r
sinh(br),

where q and b are positive constants, with r = |r| the distance to the origin.

Calculate the electric field at position r due to the ball, in terms of q, b, R, ε0.

(b) Let f be a differentiable function of the distance to the origin r.

Calculate an expression, in terms of r, ε0, f and its derivative f ′, for the electric
charge density ρ that produces the radial electric field E = rf.
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