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1 Newton’s Second Law in two inertial frames
Suppose that a test particle has velocity u as observed from the unprimed frame. The velocity

of the primed frame relative to the unprimed frame is v.

a) Relate the velocity as observed from the primed frame, v/, to u.
b) Relate the momentum as observed from the primed frame, p’, to that as observed from

the unprimed frame, p.
c) Relate the force as observed from the primed frame, F’, to that as observed from the

unprimed frame, F.
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2 Line of charges

An infinite line carries charge with uniform linear charge density A as observed from the rest
frame (i.e. the line consists of infinitesimal point charges at rest as observed in this frame).
A test particle with charge @ is at rest relative to the line of charge and is distance R from

the line of charge.

a) Using the rest frame of the line of charge determine the fields produced by the line.
Determine the force exerted on the test charge.

b) Using a frame moving with velocity v along the line of charge, determine the fields and
the forces.
c¢) Are your results consistent with Galilean relativity and Newton’s second law?
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3 Charge densities as observed by two inertial observers

Observer S moves relative to observer S with velocity v along the z axis. A collection of
point charges, each with charge g, are at rest in the S’ frame and are evenly spaced along
the 2’ axis. Let A\’ be the charge per unit length as observed in the S’ frame. The aim of this
exercise is to determine an expression for the charge density A as observed in the S frame.

a) Determine an expression for the distance, L', between adjacent charges as observed in
the S’ frame.

b) Using the Lorentz transformations determine an expression for the distance L between
adjacent charges as observed in the S frame. Use the result to determine an expression
for the charge density A as observed in the S frame.

c) How are the charge densities related when v < ¢?
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