Physics 120
Term Test #2
Friday November 19, 2004

Only a basic, non-programmable calculator is allowed. You have approximately 50 minutes to complete this test.
Your work must be neat and easy to follow. If what you are doing is not clear, you will not get full marks even if
you did the question correctly. Please explain all steps carefully and simplify as much as possible. When you are
finished, please place this question sheet inside your answer booklet and hand everything in. Good luck.

1. The position of a simple (h%n{lonic oscillator as a function of time is shown on the graph below.
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a) Carefully sketch the corresponding velocity-time and acceleration time graphs in your answer booklet.
Make sure to label the axes carefully.

b} What are the amplitude, period, frequency (linear) and phase constant {what we called § or ¢ in the
class notes) of this oscillator (give the numerical values)?

c) The oscillator is subject only to conservative forces. Sketch the potential energy and kinetic energy as a
function of time over several oscillations. Again, please label the axes carefully. {Y-»xi$ acbitiory)

2. Consider a spherical neutron star with a mass equal to that of the sun (M = 1.98 x 10%® kg) and a radius
of 10 km. The period of rotation of the star is 1.0s. .
a} Calculate the speed of a point on the equator of the star.
b) Calculate the acceleration due to gravity on the surface of the star.
¢) How many revolutions per minute are made by a satellite orbiting in a circular orbit 1.0 km above the
star’s surface?
d) A circular astrosynchronous orbit is one where the orbiting satellite is always above the same point on
the surface of the star {ie. it rotates with the star). Calculate the height above the equator of the star of
an astrosynchronous orbit.
e) Explain briefly, using physical principles, why the above satellite’s orbit will remain in a plane passing
through the star’s equator. at = o s

3. Consider a system of two blocks attaehed to a pivot by very light, rigid rods. Atm‘ﬁﬁe gun is fired
and the bullet strikes the block mygand is embedded in the block’s center. The system of blocks (which
was initially stationary) spin on the table about the pivot and block m; will collide with block mj at time
t = t;. The coefficient of kinetic friction between each of the the blocks and the table is tig. The angle ¢
and the distance d are also known. (you may neglect frictional forces during the collisions only.)
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a) Calculate the speed of the bullet before it strikes the block m;. #
b) If rny collides elastically with mg, calculate the speed of my right after the collision.
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