Simple Harmonic Motion
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Using a video clip to analyze a linear oscillator




section:_____ date:_______________

Objectives


· To learn to extract data from a video to answer a question
· To visualize and practice the concepts and principles of simple harmonic motion

Introduction

One of our goals with simple harmonic motion is to build a mental and conceptual connection between the mathematical relationships that describe the motion of the object and the visual image of the motion. Once we have this connection established, analyzing simple harmonic motion is much easier.
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In this activity, we’ll study a video clip of a linear oscillator, a metal glider sliding on a low-friction track while connected to two horizontal springs.  As the glider moves sideways the springs pull on it causing simple harmonic motion. 

In the video clip, we see the motion of the glider. In addtion, we see three motion graphs, all synchonized to the motion of the glider. The graphs show:

· Position vs time

· Velocity vs time

· Acceleration vs time

Viewing this video in Quicktime, we can step through the video frame-by-frame and see the connection between the motion of the glider and the motion graphs. 

Method

Download the file to your computer and view it in Quicktime or another viewer that allows you to step through the video frame by frame. Use the video and the graphs to answer the following questions.
Questions

1. What are the period and frequency of oscillation? (Note that the video plays back in slow motion, so use the time from the horizontal axes of the motion graphs.)

2. What is the angular frequency of the glider?

3. What is the amplitude of the motion? (Note position scale above the glider is marked in centimeters.)

4. At what times does the object reach a maximum positive (rightward) displacement?

5. At what times does the glider reach the maximum negative (leftward) displacement?

6. At what times is the glider at equilibrium?

7. What is the maximum velocity of the glider?

8. What is the position of the glider when it is moving with its maximum rightward velocity?

9. What is the position of the glider when it is moving with its maximum leftward velocity?

10. Identify one time when the velocity is zero. What is the displacement at this time? 

11. Note the action of the springs. As the glider moves left, for example:

a. The force applied by the left spring (select one):      increases     decreases     does not change 
b. The force applied by the right spring (select one):     increases     decreases     does not change 
c. The net force applied by both springs(select one):             increases to the right          increases to the left
12. What is the maximum acceleration of the glider?

13. Describe the location of the glider when it experiences maximum positive acceleration?

14. Is the displacement positive or negative?

15. Why do the direction of motion and the acceleration have opposite signs?

16. What is the displacement (in centimeters) of the glider when it has maximum negative acceleration?

17. What is the maximum negative acceleration of the glider? (in m/s2)

18. If the mass of the glider is 1.65 kg, what is the maximum net force exerted on the glider?

19. What is the effective spring constant of the two springs acting together?

20. Write the three equations that describe the position, velocity, and acceleration of the glider.

a. x(t)= 

b. v(t)= 
c. a(t)= 





















Figure � SEQ Figure \* ARABIC �1�.  A linear oscillator comprising a glider on a low-friction track connected to two horizontal springs. The glider moves in simple harmonic motion. Three graphs that describe the motion mathematically are synchronized to the motion of the glider.











