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8.E: Oscillations (Exercises)
8.1

An object undergoes simple harmonic motion of amplitude A and angular frequency w about the equilibrium point = 0. Find the
speed v of the object in terms of A, w, and z. Hint: use conservation of energy.

8.2

A disk of radius R and mass M is suspended from a pivot somewhere between its center and its edge, see figure below. For what
pivot point (i.e., which distance d) will the period of this physical pendulum be a minimum (or equivalently the frequency a
maximum)? You may find one of the theorems we proved in Chapter 5 useful in answering this question.

8.3

Figure 8.4 shows a common present-day seesaw design, also featured in Problem 2.10. In addition to a beam with two seats, this
seesaw also contains two identical springs (with spring constant 10kN /m) that connect the beam to the ground. The distance
between the pivot and each of the springs is 30.0cm, the distance between the pivot and each of the seats is 1.50m. Two children
sit on the two seats. Both children kick off against the ground a couple of time, putting the seesaw in an oscillating motion with an
amplitude of 50.0cm. At¢ = 0 the children stop kicking. The plot in figure c shows the height of one of the seats as a function of
time afterwards.
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Figure 8.E.1: Seesaw with two springs.
a. In what type of motion is the seesaw after the children stop kicking?
b. You could model the seesaw with the two children as a simple mass-on-a-spring, with a spring constant twice that of the
individual spring in the seesaw. Using the graph in figure c, estimate the effective mass of this system.
c. After a while, the children resume kicking, slowly bringing their amplitude back up to 50.0cm. Using the mass-spring system
of (b), estimate the amount of energy the children have to put in per period to achieve this.

8.4

A block with mass my = 1.5kg block is supported by a frictionless surface and attached to a horizontal spring of constant
k =22N /m, as shown in the figure. The block oscillates with an amplitude of 10.0cm, executing a simple harmonic motion.
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a. Find the frequency w of the oscillation of the block.
b. Write down the equation for the position of the block as a function of time, (), in such a form that it is at its rightmost
position att =0.

A second block of mass 0.80kg moves in from the right at 2.5m /s and hits the first block at ¢ =0, i.e., when it is in its rightmost
position. The two blocks then stick together and continue moving as one.

a. Which quantity / quantities are conserved during the collision?
b. Determine the frequency of the motion of the two blocks after the collision.
c. Determine the amplitude of the motion of the two blocks after the collision.

8.5

Suppose you are stranded on an unknown planet with nothing but a physical pendulum and a stopwatch. You determined the
properties of the pendulum back on Earth, and found m = 2.0kg, h = 0.50m and I = 3.0kg-m? . Having nothing better to do,
you measure the time it takes your pendulum to complete 50 cycles, and find that this time equals 170s. Use this information to
compute the value of the gravitational acceleration g on your new home world.

8.6

For a damped harmonic oscillator driven by a sinusoidal force (as in Equation 8.3.1), find the average power dissipated per
(driving) period. Hint: use P =F - v.

8.7

Consider a system of two coupled harmonic oscillators, where one (with mass 2m and spring constant 2k) is suspended from the
ceiling, and the other (with mass m and spring constant k) is suspended from the first, as shown in the figure.

a. Find the equation of motion of this system of coupled oscillators, and write it in matrix form. For each mass, use coordinates in
which the zero is at the equilibrium position.
b. Find the frequencies of the normal modes of this coupled system.
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