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1 Particle in a uniform magnetic field

A particle with mass m and charge @ is placed in a uniform magnetic field B = B (here
B is independent of location and time). The electric field in this region is E = 0. We aim

to convert the equations of motion for this particle into a set of differential equations and to
then solve these, knowing the initial velocity.

a) Let v = vy(£)X + v, (£)F + v;(t)2 be the velocity of the particle, Combine Newton’s
second law and the Lorentz force law to produce a set of coupled differential equations
for vg(t), vy(t) and v,(t). Rewrite these in terms of the cyclotron frequency

wi= 22,
m
b) Solve the differential equation for v,(t) in terms of the initial velocity v,(0).

¢) Manipulate the two first order differential equations for v, and v, to produced uncoupled
second order differential equations for each of these.

d) Solve each of these to yield v,(t) and vy (t) in terms of v,(0) and v,(0).

e) Use these to find expressions for the components of the position of the particle, z(t), y(t)
and z(t) (in terms of initial positions and velocities).

f) Describe the trajectory followed by the particle geometrically. What does the cyclotron
frequency describe in terms of the particle motion?
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