
PHYS 48R FALL 2014 LAST HWA. Due Jan 8’th 2015.

In this assignment we shall attempt a proof of principle for the deflection
for massless particles by gravitational fields. The treatment is only special
relativistic but uses action at a distance (forces) so it is incomplete and the
result is off. But it is a proof of principle. The correct (both numerical and
theoretical) calculation should invoke general relativity. But we are, in this
homework, treating the subject as if we are researching for a theory of gravity.

1. As a first attempt let us assume that if there is a gravitational force field
of the form ~F = −mĝ, where m is to be replaced by K/c2 for massless
objects with K being the kinetic energy of the object. In this sense we
have therefore the following equations
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Of course we should remember that for any type of particles ~v = ~pc2/K.
Now assume the following situation. There is a band in xy plane such
that the band has width L along the x direction and it is infinitely deep
along the y direction. The above force only acts within this region. Now
assume that initially a photon of energy Ko approaches this region such
that it only has x component for its velocity. Find the angle that the final
velocity makes with the horizontal as the object exits the region.

2. Now let us try a more astronomical example. Consider the force that the
Sun exerts on a massive object

~F = −GMm~r
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As before for massless particles we shall set m = K/c2.

Now consider a massless particle incident from infinity. It comes in in
such a way that the direction of its initial momentum has a perpendicular
distande of b to the center of the sun. Assume this is the situation at
t = −∞. Find the change in the angle of the momentum as t→ +∞.
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