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A Revision

1. Using algebra, or otherwise, show that
a) for any time-like vector there exists a frame in which its spatial part is zero,

b) with one exception, any vector orthogonal to a null vector is spacelike, and describe
the exception.

2. For motion under a pure (rest mass preserving) inverse square law force f = —ar/r3
where a is a constant, derive the energy equation ymc? — a/r = const.

3. For an isolated system of particles, let

' = (Z Ei)2 i (Zpi>2 (1)

€ the sums are taken over the particles in the system at some given time. What is s
sle particle of mass m?

racks are recorded in a bubble chamber subject to a uniform magnetic field of 2
rtex consisting of no incoming and two outgoing tracks is observed. The tracks
lane perpendicular to the magnetic field, with radii of curvature 1.67 m and
d separation angle 21°. It is believed that they belong to a proton and a pion
Assuming this, and that the process at the vertex is decay of a neutral particle
ducts, find the rest mass of the neutral particle.

ue to an elementary wire segment dz carrying oscillating current | is given

= 12:2:} (f\—z cos (kr — wt) (2
yntrast the case of a short antenna and the half-wave dipole antenna. Roughly
e the far field for each case by proposing a suitable model for the distribu-

(2) in the antenna. What happens (qualitatively) for still longer antennas?

dE

etry and angular momentum
tum of a single particle about the origin is defined
L% = X°Pb — Xbp° 3)

ence of forces, dL*/dT = 0.
between the space-space part and the 3-angular momentum
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Lh = 3 (¢ - RY)PY = (X2 - RY) P} &

i - d rank
where the sum runs over the particles (that is, X and P are 4 vectzrtsu:wno::?he Al
tensors, i here labels the particles). Show that the 3-angular mome
frame is independent of the pivot.

Pap—d

C Lagrangian mechanics

1:

a) How is a canonical momentum related to a Lagrangian?
N b) Show that the Lagrangjan

A
e
L(m,v,t):—m—+q(—¢+'v-A) (5)
v
leads to the canonical momentum (ymw + ¢A) and to the equation of motion W ‘
dit(’Ym'v) =g9(E+vAB). (6)

In this formalism, write down

the Hamiltonian function % for a particle of charge g ’
moving in a magnetic field B

= V A A. Make sure you express H in terms of the
appropriate variables,

7&
D Electromagnetism
1. Assuming the relation of fields E, B to potentials ¢, A, show that the field tensor can be
written ;
F = gAY — bAc, @) \
(Note, the right hand side here is the 4

-vector equivalent of a cur| o
cyclic permutation to avoid unnecessary repetition]. Now write dow

operators and A. By keeping track of the sequence of indices, show

peration). [Hint: yse
n 9°F in terms of §
that

3
(8) :

approach, one could argue in the opposite direction, asserting the above

O°F® + §°Fb + gbFee — ¢,

s
i s,
then deriving the relation of fields to potentials).
| P,
d momentum I
in a linear accelerator is 10° V/m. Find the power emitted by an
down the accelerator. Express your result in eV’ per metre' as- surr;-
ravel at close to the speed of light. You may quote Larmor’s formula
%f‘y
x
2 7
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b) A magnetic field of 1 tesla is used to maintain electrons in their orbits around a syn-
chrotro.n of radius 10 m. Show that the electron energy is approximately 3 GeV. Find
the radiative energy loss per revolution.

¢) What is the main reason why the loss rate is so much higher in part a) than in part
b)?
2. Write down the stress-energy tensor and the 4-wave vector for an electromagnetic plane

wave propagating in the x direction. Such a wave is observed in two frames in standard
configuration. Show that the values of radiation pressure P, momentum density g, energy

density u and frequency v in the two frames satisfy

Pl_gl—ul—
AT

2
o ©)
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y relative motion of the frames? [Hint: write T in
hat these quantities should transform like v//v not
omentum N = (uc, N) is a 4-vector and so should
e-vector. What is wrong with this argument?

ional: can you prove this for an
s of K]). A student proposes t
2 on the grounds that energy-m
form in the same way as the wav
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