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_____1. (10 points) S and P are the only forces acting on a rod of length L.  O
P
S
θ

The magnitude of the torque on the rod about its left end at point O is:
A) SL + PL sin 	B) SL + PL cos 
C) SL			D) PL cos

_____2. (10 points) A uniform rod of mass M and length L is pivoted at a point ⅓ L from its end. The moment of inertia with respect to this pivot is
A)  	B)  		C)  		D ) 

_____3. (10 points) The position of an object is given by x(t) = A cos(ωt +φ) where t is the time and A, φ and ω are positive constants. Which of the following statements about this object is true?
A) The acceleration of the object always points towards the point x = 0.
B) The magnitude of the acceleration is a maximum when x = 0.
C) The kinetic energy of the object is a minimum when x = 0.
D) The object is momentarily at rest at x= 0.

_____4. (10 points) A simple pendulum on the surface of the earth has period T. On a distant planet, the length of the pendulum must be doubled to have the same period. The acceleration due to gravity on that planet is
A) 4g		B) 2g		C) ½ g		D) g


_____5. (10 points) A mass at the end of a spring is undergoing simple harmonic oscillations. The position of the mass is given by x(t) = A cos(ωt+ϕ). When x(t) = 9m, the mass experiences an acceleration of −16 𝑚/𝑠 2 . What is the angular frequency ω of this system, in s-1 ? 
A) 1/2 		B) 2/3 		C) 9/4 		D) 4/3


Name:_________________________________

6. (50 points) A uniform sphere of mass 5M  and radius 2R is on an inclined surface that makes an angle θ with the horizontal.  A massless string is attached to a massless yoke which is in turn attached to a frictionless axle through the center of the sphere, so that the sphere can rotate about the axle. The other end of the string is wound around a uniform, disk shaped pulley of mass M and radius R, which can rotate on a frictionless axle. 5M
2R
M, R
L
θ

The system is released from rest, and the sphere rolls without slipping down the incline, unwinding the rope from the pulley. 

Use energy methods to derive an expression for the linear speed of the sphere when it has traveled a distance L along the incline, in terms of system parameters. Simplify your answer as far as possible.
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7. (50 points) A uniform disk of mass M and radius R is rolling without slipping down an incline that makes an angle θ with the horizontal. M, R

a) (10 points) Draw an extended free body diagram including all information necessary to solve part b) below. θ


b) (40 points) (OSE) Use force and torque methods to derive the disk’s linear acceleration. 
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[image: A large horizontal uniform disk of mass M and radius R is rotating clockwise with unknown angular speed around a frictionless axis that is through its center.  At the same time, a small ball of mass 2M is traveling with speed V along a straight path under an angle θ, as shown in the figure. When the ball reaches the point half-way between the center and edge of the disc, it is caught in a massless net attached to the disc, and the direction of rotation reverses but the angular speed is the same as it was initially. ]
8. (50 points) A large horizontal uniform disk of mass M and radius R is rotating clockwise with unknown angular speed around a frictionless axis that is through its center.  At the same time, a small ball of mass 2M is traveling with speed V along a straight path under an angle θ, as shown in the figure. When the ball reaches the point half-way between the center and edge of the disc, it is caught in a massless net attached to the disc, and the direction of rotation reverses but the angular speed is the same as it was initially. You may treat the ball as a point mass.

a) (10 points) Find the total moment of inertia of the disk with the ball caught in the net, in terms of system parameters.




b) (40 points) (OSE) Derive an expression for the angular speed of the disk, in terms of system parameters.
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