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SECTION A

Q1 1.1 The Duke and the Baron are on separate ships, travelling from Caladan to
Arrakis, when the Duke monitors a treacherous radio transmission (with wave-
length 6 metres) being sent from his own ship. The Duke orders a search of his
ship but is dismayed to observe that the spy flees in an escape pod travelling
at a relative speed ¢/2 in the direction of Caladan. The Baron receives the
radio message (with wavelength 9 metres) from his spy and soon after observes
an escape pod approaching his ship. Calculate the relative speed between the
Baron’s ship and the escape pod, as a fraction of the speed of light c.

1.2 Two particles, each of rest mass 10m, collide and fuse to form a single particle
with rest mass 52m. Find the speeds, as a fraction of the speed of light ¢, of
the two initial particles in the rest frame of the final particle.

Q2 2.1 In an electrostatics problem, in a region of space the electric field has the form
E = (ay*2? vry®2?, 14025 + wayz),

where a, v, w are constants. Determine v and w in terms of a.

Find the electrostatic scalar potential ¢ and the electric charge density p, in

terms of the spatial coordinates, the constant a and the electric constant gg.
2.2 Let R = /22 + y? be the radius in cylindrical polar coordinates.

Show that, for R > 0, any magnetic field of the form B = (—yf, z f,0) satisfies
V - B =0, where f is a differentiable function that depends only on R.

An infinitely long straight wire lies along the z-axis and carries a current I;.
Assume the form given above for B and use the integral form of Ampere’s law

fB-dr:,uO],
c

to calculate the magnitude of the magnetic field at a distance D from the wire,
in terms of D, I1 and puy.
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SECTION B

Q3 3.1 Derive conditions on the constants p,a,u, ¥, so that ' = L* z¥ is a Lorentz

3.2

Q4 4.1
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State the number of solutions of these conditions.

List the solutions that correspond to orthochronous proper Lorentz transfor-

mations, giving a physical interpretation of each.
Let 28 be the totally antisymmetric tensor with £°12% = 1.

Derive an expression for €’#**% obtained by applying a Lorentz transformation
of the form given above.

Use your result to suggest the type of Lorentz transformations under which
eMvef is invariant.

In a frame R there is no electric field but there is a magnetic field given by
B = (b,0,—b), where b is a constant.

Calculate, in terms of b and the speed of light ¢, the electric field in the frame
R’ that moves along the positive z-axis with a speed 4¢/5.

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
_ i’
P = m,
where ¢ and k are positive constants and r is the distance to the origin.
Calculate the electric field due to the ball.

Find ko in terms of R, so that for k < ky the magnitude of the electric field
takes its maximum value inside the ball.

In the case that k = kg, calculate the magnitude of the force on a point charge
q that is a distance 2R from the origin.

In a region of space the magnetic vector potential is given by
A = p(2wyz + 6272, 272 — 2y2? 2%y — 2z + 22%),

where p is a positive constant.
Calculate this magnetic vector potential in Coulomb gauge.
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