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SECTION A

1. (a) A particle has 4-momentum p* = (26ac, 0, —24ac,0), where a is a positive
constant and ¢ denotes the speed of light. Calculate, in terms of a and ¢, the
rest mass of the particle and its kinetic energy. [5]

(b) In this question take the speed of light ¢ to be 3 x 10® metres per second.

An unstable particle has a lifetime of 2.8 x 10~ seconds, as measured in its
rest frame. The particle is moving, with respect to the laboratory, with a
speed 1.8 x 10® metres per second. Calculate the lifetime of the particle and
the distance it travels before it decays, as measured in the laboratory. [5]

2. (a) In an electrostatics problem, in a region of space the electric field has the
form
E = (3p2%°2* + 12a2”y°, 582%y*2* + 5axby?, 202°y°2),
where «, a, 3, b are non-zero constants. Calculate the electric charge density,
in terms of the spatial coordinates, the constants a, b and the electric constant
€0- (5]

(b) In a magnetostatics problem, in a region of space the magnetic field is
B = <3axy222 — 2ax%y’z, 3bary’2? — byP2?, 6dry’L? — 6dxyz3),

where a,b,d are constants. Determine b and d in terms of a and hence
calculate the electric current density J, in terms of the spatial coordinates,
the constant a and the magnetic constant . [5]

EDO01/2026 CONTINUED
University of Durham Copyright



r
|

EDO01/2026

Page number | '

(a)

Exam code

3of3 l | MATH2657-WEO1

SECTION B

In a frame R a contravariant vector is given by V# = (4¢,8¢(,5¢,3(), where ¢
is an invariant positive constant.

In a frame R’ it is found that V'* = (—¢,m,5¢,3(), where m is an invariant
positive constant.

Determine m in terms of ¢ and find the speed, as a fraction of the speed of
light ¢, of the Lorentz boost that relates the frames R and R'.

Two particles, each with rest mass m, have the same speed v but their
velocities are perpendicular. The particles collide and fuse to form a new
particle with rest mass 4m and speed v.

Calculate v and v, as a fraction of the speed of light c.

State the source-free version of Maxwell’s equations and use these to show
that the electric field satisfies the wave equation.

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

p = qb* cosh(br),

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

Calculate the electric field, both inside and outside the ball, at position r due
to the ball, in terms of ¢, b, R, 9.
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