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Introduction

Our everyday experience shows that the magnetic poles always exist in pairs North and South.
Breaking a magnet results in the appearance of a new pair of opposite magnetic poles on the
two broken ends. The fundamental laws of physics, however, do not contradict the existence of
magnetically charged particles called magnetic monopoles. The magnetic monopole is an object
possessing just one magnetic pole, either North, or South, which are analogues of the positive
and negative electric charges respectively. Thus, the magnetic field of the monopole is similar
to the electric field created by a static electric charge, i.e. its force lines begin or end at the
point where the monopole is located. This property is in contrast to the closed force lines of the
magnetic field created by permanent magnets (magnetic dipoles) and electric currents. The concept
of magnetic monopole was introduced in 1932 by the famous physicist Paul Dirac. On the basis of
quantum mechanics he proved that the existence of magnetic monopoles can explain the existence
of the elementary electric charge. That is why the physicists do not cease their efforts to discover
magnetic monopoles experimentally.
In the following questions you are going to establish some properties of the magnetic monopoles
by analyzing simple model situations (though experiments). You may assume that all laws of
physics known to you apply to the magnetic monopoles, except the statement for closed force lines
of the magnetic field. The velocities considered in this problem are much smaller than the speed
of light and, therefore, you may neglect the relativistic effects on time, length and mass.
Use the following physical constants in your solution:
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magnetic permeability of vacuum:

µ0 = 4π × 10−7 H/m ;

electric permittivity of vacuum:

0 = 8.85 × 10−12 F/m ;

speed of light:

c = 2.998 × 108 m/s ;

elementary electric charge:

e = 1.602 × 10−19 C ;

Planks constant:

h = 6.626 × 10−34 J.s .

Questions

1. When exposed to external magnetic field of induction B, a monopole of magnetic charge qm
experiences a force:
F = qm B

(1)

(a) Derive the unit of magnetic charge in terms of the basic SI units: kilogram, meter, second,
ampere.
(0.8 points)
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a. Obtain an expression for the change in Z–component, Lz, of the angular momentum of
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the electrically
charged particle during the whole motion of the magnetic monopole.
Express your answer in terms of qe, qm and fundamental constants only.
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Figure 5: Solid Angle

Depending on your approach to the solution you may need the following integral:

• Depending on your approach to the solution you may need the following integral:
Z ∞
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