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Problem 1 (30 points)
1t method

Determine x’(t’) and z’(t’): 4 points

Find time of flight in K’: 4 points

Write Lorentz transformations to find x(t”) and z(t”): 6 points
Use transformation of time to express t’ via t: 6 points

Find x(t) and z(t): 6 points

Determine time of flight in K: 4 points

2" method

Determine x’(t”) and z’(t’): 4 points

Find time of flight in K’: 4 points

Find velocity v_x in frame K using Lorentz transformation for velocities: 3 points
Determine the initial v_z(0) in frame K: 3 points

Determine a_z in frame K: 6 points

Find x(t) and z(t): 6 points

Determine time of flight in K: 4 points

Problem 2 (40 points)

Identify m=1 solutions of Laplace’s equation in cylindrical coordinates as relevant here: 5
points

Write the form of potential at large distances: 5 points

Identify the character of the boundary condition at r=R: 6 points

Find the constants from the boundary conditions: 5 points

Determine B_r and B_phi from the potential: 5 points

State the amount of force acting on an infinitesimal element of the surface in terms of
Maxwell’s stress tensor: 5 points

Determine pressure: 5 points

Determine its sign: 4 points

Problem 3 (30 points)

Determine existence of translational invariance and its consequence for the equations (or
the induced electric field): 6 points

Write a first (either radial or azimuthal) component of Faraday’s law: 7 points

Integrate the written component of Faraday’s law and establish the existence of a
constant of integration: 7 points

Write a second (either azimuthal or radial) component of Faraday’s law and from the
second component determine the value of the integration constant; obtain E_z: 5 points
Explain why other components of the electric field are zero: 5 points
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