Workshop module 11 - Physics 121, Fall 2001

Simple harmonic motion, start of waves
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A 2 kg mass is attached to a massless, ideal spring.  It is constrained to oscillate along one dimension on a horizontal frictionless surface.  A mark has been placed at an arbitrary location on the table to designate the x=0 position for a graph of the motion.  As the mass oscillates without loss of energy it traces the path shown on the graph below.
a)  What is the amplitude of the motion for this oscillator? 

b) What is the period of the oscillator? 

c) Of the following times, when is the mass moving the slowest? 

d) Of the following times, when does the mass have its greatest acceleration? 

e) What is the spring constant of the spring? 

2. A buoy of uniform cross section A and mass M floats in sea water of density (.  
(a) Draw a free body diagram for the object.  
(b)  How far below the surface of the fluid is the bottom of the buoy?  
(c) Suppose a bird of mass m lands on top of the buoy, forcing it to sink further into the water.  At the new equilibrium position, how much farther below the surface of the fluid is the bottom of the buoy than it was in part (b)? 
(d) Suppose the bird flies away suddenly.  Show the buoy will oscillate up and down in simple harmonic motion.
(e) What is the period of that up and down motion?
(f) What is the frequency of that up and down motion?
(g) What is the amplitude of that up and down motion? 
3. Why do you see lightning before you hear the thunder?  Would you see a rocket lift off from the moon before you heard it?  You see a baseball player swing at a ball 1.0 seconds before you hear the crack of the bat on the ball.  How far away from home plate are you sitting?

4. In 1989, minutes before the start of the first game of the World Series in Candlestick Park, an earthquake struck the San Francisco area.  This quake has become known as the Loma Prieta quake.  It was my first … and hopefully last … experience with earthquakes. 

(a) What is an earthquake?

(b) What are seismic waves?

Longitudinal seismic waves are known as P waves.  Transverse seismic waves are known as S waves.   At a depth of 1000 km below the earth's surface, s waves travel at approximately 6500 m/s.

(c) Calculate the wavelength of an s wave with an oscillation period of 1.5 s.

The destructive power of earthquakes are often measured on the Richter scale.  The Richter value for an earthquake is a number, m, equal to log(A/T) + B, where A is the amplitude of the wave in micrometers as measured by a seismometer, T is the period of the oscillation in seconds, and B is a constant that depends on the seismometer distance to the epicenter of the quake.  Damage begins at m=5 and m=8.5 corresponds to the largest quakes ever measured.  The Loma Prieta quake measured 7.1.

(d) Roughly motivate the dependence of m on A, T and B.  What happens if A increases?  What happens if T increases?  Why is there a dependence on the distance of the seismometer from the epicenter?   Hint:  Think about tossing a rock into a pond.  What happens to the amplitude of the water ripples in a pond as the distance from the point of impact increases?  What does this imply about the energy flow in waves? 
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