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Q1-(25 pts) A spherical bowling ball with mass
M and radius R rolls down a ramp that is inclined
at an angle B to the horizontal. (For the bowling

ball ey, = = MR?).

a) Assume f is small and the ball rolls without slipping.

the magnitude of the friction force on the ball?

What are the ball’s accelaration and

b) Assume us is the coefficient of static friction between the ramp and the ball. Find out an

expression for the maximum angle  for which the ball will roll without slipping.
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Q2-(25 pts) A 460.0 g bird is flying horizontally at ol |
2.30 m/s, not paying much attention, when it Bird T_Lf"':h
suddenly flies into a stationary vertical bar, hitting it e
25.0 cm below the top as shown in the figure. The bar
is uniform, 0.780 m long, has a mass of 2.50 kg, and is
hinged at its base. The collision stuns the bird so that
it just drops to the ground afterward (but soon
recovers to fly happily away). Assume g=9.8 m/s? Hinge

a) What is the angular velocity of the bar just after it is hit by the bird?

b) What is the angular velocity of the bar just as the bar reaches the ground?

Page 3 of 5 Solution continues on the back side of the page Yes o No O



Exam Room: P101_Index:

Student ID Number: Signature:

Q3-(25 pts) A small bead of mass m can move
on a fixed horizontal wire without friction as
in the figure. The bead is connected to an ideal
spring of spring constant k, and the other end
of the spring is connected to a fixed point at a
perpendicular distance d from the wire.
Unstretched length of the spring is very small,
and can be taken to be zero.

a) What is the period of oscillations of the bead around its equilibrium position?

b) What is the amplitude of the simple harmonic motion if we give the bead an initial
velocity of v, at its equilibrium position?

c) Find the position of the bead as a function of time, x(t), for the case in part b.
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Q4-(25 pts) In this problem, you will explore what would happen if the attractive
gravitational force was F = %, H being a given constant, r the distance between

objects, m; and m, masses of the objects (i.e. we have the third power of the distance
instead of the second power). Consider a planet of mass M and radius R, and assume
that the force is the same for spherical bodies and point particles.

a) What is the orbital period of a small satellite on a circular orbit of radius 2R?

b) What is the gravitational potential energy of the satellite in part a?

c) What is the minimum initial velocity needed to escape the surface of this planet and
never return? This is called the escape velocity.
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