Champlain College - St-Lambert Physics 203-NYA

Problem Session
Simple harmonic motion, damped and forced oscillations

1. A particle moves counterclockwise around a circle at constant speed. For each of the phase
constants given below:

« Show with a dot on the circle the particle’s starting position.

« Sketch two cycles of the particle’s x-vs-t graph.
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2. A spring has a spring constant 0.50 N/m and a 0.20 kg mass on its end, which has a maxi-
mum speed of 2.0 m/s.

a) What are the angular frequency and period of the system?
b) What is the amplitude of motion?

Rémi Poirier page 1 of 5



3. The graph below shows represents a particle in simpe harmonic motion.

a) What is the phase constant ¢o?

b) What is the phase of the particle at each of the three numbered points on the graph?

c¢) Place dots in the circle above to show the position of these three phases on the unit circle.
Label each dot with the appropriate number.

4. A sailing ship rolls sideways in simple harmonic motion,
with a period given by T = 5.0 s. The tip of a 25-m mast
travels a maximum of 2.5 m from the vertical position. :
What is the speed of the tip of the mast at the instant it is M
in a vertical position?

5. A small lead ball of mass 2 kg is suspended at the end of a
light string 1m in length. A small peg, 0.5 m below the
suspension point, catches the string in its swing. The ball
is set swinging through small angles.

a) What is the period of the pendulum?

b) The ball is started swinging on the side that does not
catch the peg, at an initial height 0.05 m above the low
point. How high does it rise on the side where the peg
restricts the pendulum length to 0.5 m?
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6. A 507 g mass oscillates with an amplitude of 10 cm on a spring whose spring constant is
20 N/m. At t = 0 s the mass is 5.0 cm to the right of the equilibrium position and moving to
the right. Determine:

a) The period. e) The maximum speed.
b) The angular frequency. f) The total energy.

c¢) The phase constant. g) The position att=1.3s.
d) The initial velocity. h) The velocity att=1.3s.

1) Identify the function that best represent the position vs time of the oscillating mass.

position (cm)
position (cm)

position (cm)
position (cm)

time (s)

7. A block oscillating on a spring has a maximum speed of 20 cm/s. What will be the block’s
maximum speed if the total energy is tripled? Explain.

8. For each graph below, determine A, ®, and o.

x (cm) b. v (cm/s)
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9. A mass of 0.1 kg is attached to a spring and the system is then

immersed in a liquid. The system has a natural angular frequency S
of oscillation @y = 1 rad/s. While immersed in liquid, the system g{
is excited by a periodic external force of magnitude ;:;
Fo=1! 10 3N. The graph below shows the maximum amplitude ;:;
of oscillation of the system as a function of the angular frequency f«“ﬁ
for the external force. Find the damping coefficient, b, of the re- ) 7 \]T)

tarding force,f = ! bv_ due to the viscous liquid. Don’t forget the | f
units of b in your answer.
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10. The damping coefficient of a damped harmonic oscillator can be adjusted. Two measure-
ments are made: First, when the damping coefficient is zero, the angular frequency of motion
is 3880 rad/s. Second, a static measurement shows that the effective spring constant of the
system is 184 N/m. To what value should the damping coefficient be set in order to have
critical damping?
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11. The figure below shows the envelope of the oscillations of a damped oscillator. On the same
axes, draw the envelope of oscillations if:
a) The damping factor is doubled
b) The damping factor is halved

Amplitude

A+

12. Consider a damped harmonic oscillator. The damping, proportional to the speed, is suffi-
ciently weak so that it is a good approximation to view the amplitude as constant over the
duration of a cycle. What is the energy of the oscillator at time t if its original energy at t =0
is Eo? HINT: For one cycle, the usual energy formula involving the square of the amplitude
can be used.

13. A particular spring has a spring constant of 86 N/m and a mass of 0.548 kg at its end. When
the spring is driven in a viscous medium, the resonant motion occurs at an angular frequency
of 12.2 rad/s.

a) What is the damping parameter due to the viscous medium?
Hint: you must use derivatives.

14. A weight of 40.0 N is suspended from a spring that has a force constant of 200 N/m. The sys-
tem is undamped and is subjected to a harmonic driving force of frequency 10.0 Hz, resulting
in a forced-motion amplitude of 2.00 cm. Determine the maximum value of the driving force.

15. Damping is negligible for a 0.150-kg object hanging from a light 6.30N/m spring. A sinusoi-
dal force with an amplitude of 1.70 N drives the system. At what frequency will the force
make the object vibrate with an amplitude of 0.440 m?
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