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1. A solid sphere of mass M and radius R is rolling down an

S

incline shown as figure. The moment of inertia of a solid
sphere is 2/5MR?. (a) Find the speed of its center of mass
at the bottom? (10 points) (b) Determine the magnitude

of the translational acceleration of the center of mass?
(10 points)

2. Submarines A and B are traveling toward each other under water. Sub A travels
through the water at a speed of 8 m/s, emitting a sonar wave at a frequency of
1400 Hz. Sub B travels through the water at a speed of 9m/s. The speed of sound
in the water is 1533 m/s. (a) What frequency is detected by an observer riding on
sub B as the subs approach each other? (10 points) (b) While the subs are
approaching each other, some of the sound from sub A will reflect from sub B
and return to sub A. If this sound were to be detected by an observer on sub A,

what is its frequency? (10 points)

3. Consider a uniformly wound solenoid having N turns and length ¢. (a)
Assuming that ¢ is long compared with the radius, find the inductance of the
solenoid. (10 points) (b) If N=300 turns, ¢=25 cm, cross-sectional area is 4 cm’,
and the current through is decreasing at the rate of 50 A/s, calculate the
self-induced emf? (10 points)

4. Light of wavelength 580 nm is incident on a slit of width 0.3 mm. The observing
screen is 2 m from the slit. (a) Find the positions of the first dark fringes? (10
points) (b) If the slit width is increased by an order of magnitude to 3 mm. Find
the width of the central bright fringe? (10 points)

5. A particle of charge ¢ and mass m is accelerated from rest through a potential
difference AV. (a) Assuming that the particle moves with a nonrelativistic speed,
find its de Broglie wavelength? (10 points) (b) As the particle is scattered from a
block of material. The scattered particle is observed at an angle of 45° to the
incident direction. (b) Assuming that the scattering is a Compton scattering, find
the wavelength of the particle scattered at this angle? (10 points)




