University of California, Berkeley Physics

H7C 2012 MidTerm Exam I
Relativity, Electromagnetic Waves

Maximum score: 100 points

1. (35 points) Suppose you direct a laser beam with frequency f, at an atom moving
towards you with a velocity u.

(a) (10 points) What is the light frequency felt by the atom in its rest frame.

(b) (10 points) The atom will be driven by the laser beam and re-radiate. What is the
frequency of the light radiated by the atom in its reference frame?

(¢) (5 points) If you observe this atom radiation, what light frequency will you see? What
1s the corresponding light wavelength?

(d) (10 points) Suppose you now dircct the laser beam towards a mirror moving towards
you with a velocity u. What will be the light frequency that you observe? Briefly explain
why.

2. (35 points) A fast moving particle of rest mass My decays into two particles of equal
rest mass mg. In the laboratory, one of the resulting particles is at rest, while the other has
a kinetic energy of 31’1‘1(](}2. Obtain an expression for the rest mass My in terms of my.

3. (30 points) Using a block of transparent, unknown materials, it is found that a beam of
light inside the material is totally internally reflected at the block-air interface at a
minimum angle of 42.6 degree.

(1) (15 points) What is the index of refraction of this material?

(2) (15 points) If another beam of light inside this material have 100% transmission into
the air. What is the incident angle of this beam of light at the block-air interface? And
what is the light beam polarization?
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