Physics 271, Sections H1 & H2
Problems #11

Thursday, Nov 20, 2014
Oscillations

1) Consider a uniform cylinder, with mass m and radius r, rolling
without sliding. The axis of this cylinder is connected to a horizontal
spring with spring constant k. See fig. 1. The whole motion can be
explained with one degree of freedom, x, the movement from equilibrium point, and we choose right to be positive direction.
a) Write down the total kinetic energy of this system in terms of ẋ.
b) Write down the potential energy in terms of x.
c) Find the frequency of the oscillation.
d) If the static friction is finite, with coeﬃcient of µs , find the maximum amplitude of the oscillation before any slipping happens.

Figure 1: The oscillation with
rolling.

2) Consider a mass spring system, with mass M and spring constant
k. We put a mass m on top of the mass M . The coeﬃcient of static
friction between masses is µs , and there is no friction between the
mass M and the ground.
a) What is the frequency of the oscillations if the masses do not move
Figure 2: The masses held torelative to each other?
gether through oscillations by
b) Find the maximum amplitude of oscillations if the masses do not
friction.
move relative to each other.
c) [fun] If the coeﬃcient of the kinetic friction, between the masses,
is µk , and the amplitude is a bit larger than the maximum in part ’b’ (the mass m stays on top of M ),
explain the motion of the masses.

3) A uniform elliptical disk, with mass m and axes lengths a and b, is
pivoted on a point on its major axis, at a distance r from its center. The
major axis is vertical and pivot is on the bottom. See fig. 3. We connect
an spring with constant k to another point on the major axis, in a distance
h from the pivot. Find the frequency of the small oscillations and discuss
the condition for stability.

Figure 3: The oscillations
of an ellipse.
4) Consider a pulley, with mass m, radius r, and moment of inertia around
its center I, which is held by a string passing around it and connected to
the ceiling. This string at one end is connected to a spring with constant
k and the other end is connected to the ceiling. See fig. 4.
a) Find the frequency of the small oscillations of this pulley. Assume that
the string does not slide on the pulley.
b) [fun] If the coeﬃcient of static friction between the string and the pulley
is µs and finite, find the maximum amplitude of the oscillations without
any sliding happens.
Figure 4: The oscillations
of a pulley.
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5) Consider two wheels rotating in opposite directions with constant angular velocities. The wheel on the right rotates counterclockwise. Their axes are separated by a distance l horizontally.
We put a long rod with mass m on top of these wheels. The rod
is sliding on the wheels with the coeﬃcient of kinetic friction
being µk .
a) Show that the rod will have a simple harmonic motion, and
find the oscillation frequency.
b) If the angular velocity of the wheels are ±Ω, discuss the heat
produced by the system.

Figure 5: A rod oscillating between
the wheels.

6) Discuss the equivalent spring constants for the springs connected in parallel or series. Say we have two springs with constants k1 and k2 .
a) Find the eﬀective spring constant when we connect these
springs in parallel.
b) Fins the eﬀective spring constant when we connect these
springs in series.
c) Now, find the frequency of oscillations for the mass spring
system shown in fig. 6. Other than the mass m everything else
is massless.
Figure 6: The springs system.

7) In each of the systems shown in the fig. 7, the
properties of each system part is written close to
the part. The mass is shown with parameters m
or M , the moment of inertia about the center
with I, the heights with h, the lengths with l
or a or b, radii with r or R. All the masses are
uniform. There is no sliding in any one of the
systems. Find the frequency of small oscillations
for each one of the systems.

Figure 7: Find frequency of small oscillations in each
one of these systems.
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