SMU Physics 1307 : Fall 2011

Final Exam

Problem 1: The figure below shows three blocks on a frictionless plane. The middle block
has mass my = 1kg and is initially moving to the right with velocity v = 3m/s. It then
collides elastically with the right block of mass m3 = 5kg which is initially at rest. Find the
velocities v} and v following this collision. The middle block then collides inelastically with
the left block of mass m; which is initially at rest. If the final velocity v} of the combined
mass my + mq is equal in magnitude but opposite in direction from the final velocity of the
right block, so that v; = —vj, find the mass m; .
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Problem 2: The figure below shows a mobile constructed from two identical bars of length
L = 1m and mass M = 3kg. Attached to the end of each bar as shown is an identical mass
m = 2kg . Find the lengths z; and x5 shown in the figure which are required to maintain the
mobile in equilibrium. Also find the tensions 77 and T, which support the bars and masses.
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Problem 3: The figure below shows two disks of radii R; = 0.05m and Ry = 0.1 m and masses
M; = 1kg and M, = 3kg with respective moments of inertia I; = 1M R? and I, = L MyR3.
Two masses m; = 3kg and my = 2kg are attached to the disks as shown. Find the angular
acceleration a of the disks and find the respective linear accelerations (taking upward to be
positive) a; and a, of the masses. Also find the tensions 7} and T in the respective strings.
If the masses begin a distance h = 0.15m above the ground, which mass (either m; or m;)

hits the ground first and what is its velocity (either v; or vy)? (Hint: What is the sign of
a?)
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Problem 4: The figure at left below shows a disk of radius R = 5m and mass M = 200kg
with moment of inertia I = %M R? which is initially spinning clockwise with angular velocity
w = —2rad/s as shown. A person of mass m = 60 kg rides on the perimeter of the disk and
initially spins with the same angular frequency w. As shown in the figure at right, suppose
that the person begins to run on the disk until they reach a speed with respect to the surface
of the disk so that they are at rest with respect to the ground. What is the new angular
velocity w’ of the disk? What is the change in kinetic energy AK = K'— K of the combined
system? Assume that there are no external torques on the system.

/

w

\/U)

s
- v=<o
v

L= L
/
(T¢mR)w = T W

w'= (l+“R7r)W:‘3~27
K= % (T+mRIW = Fx10°d
/ ‘s 2.2 )
K=%Tw = Y% (TtmR) w /-
K/:: (1+V"R7I)l<= L2%xl0]

/
AK= K’_K == '-[-,VKLOBJ/

=



