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Simple Harmonic Motion


Simple Harmonic Motion
Many things vibrate or oscillate. A vibrating tuning fork, a moving playground swing, and the loudspeaker in a radio are all examples of physical vibrations. There are also electrical and acoustical vibrations, such as radio signals and the sound you get when blowing across the top of an open bottle. 

An example of a simple system that vibrates is a mass hanging from a spring. The force applied by an ideal spring is proportional to how much it is stretched or compressed. The up and down motion of the mass is called simple harmonic and the position can be modeled with 

y = A (2πft + ϕ)

In this equation, y is the vertical displacement from the equilibrium position, A is the amplitude of the motion, f is the frequency of the oscillation, t is the time, and  is a phase constant. This experiment will clarify each of these terms.

Velocity is the time rate of change of position, which for the motion above is given by

v = A2πfcos(2πft + ϕ)

Since acceleration is the time rate of change of velocity, it is given by

a = –A(2πf )2sin(2πft + ϕ)

OBJECTIVES

· Measure the acceleration as a function of time for an oscillating mass and spring system. 

· Compare the observed motion of a mass and spring system to a mathematical model of simple harmonic motion. 

· Determine the amplitude and period of the observed simple harmonic motion.
MATERIALS

	NODE with no other modules installed
	meter stick  

	mobile device with Graphical Analysis 
	dental floss, thread, or thin string  

	ring stand, rod, and clamp  
	twist ties  

	spring, with a spring constant of   

   approximately 5 N/m
	


PRELIMINARY QUESTIONS

1.
Attach the NODE to the spring and hold the free end of the spring in your hand so that the NODE and spring hang down with the NODE at rest. Lift the NODE about 5 cm and release. Observe the motion. Sketch a graph of position vs. time for the NODE.
2.
Just below the graph of position vs. time, and using the same length time scale, sketch a graph of velocity vs. time for the NODE.
3.
Acceleration is the change in velocity during a unit time. Sketch the acceleration curve from your velocity graph.
PROCEDURE

1.
Attach the spring to a horizontal rod connected to the ring stand and hang the NODE from the spring using dental floss as shown in Figure 1. Secure the spring to the rod, using twist ties so it cannot fall.
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Figure 1

2.
Launch Graphical Analysis. Create a new experiment and select your NODE as the source.
3.
A new graph will appear with the acceleration measurements in the x-, y-, and z-axes. In the NODE, the x-axis is along the length of the cylinder.
4.
Make a preliminary run to make sure things are set up correctly. Lift the NODE upward about 2 cm and release. The NODE should oscillate along a vertical line only. Start data collection.

5.
After about 10 seconds, stop data collection. The x-axis acceleration graph should show a large, clean sinusoidal curve. If it has flat regions or spikes, try again, being careful to release the NODE cleanly so it only moves along the length of the sensor without moving from side to side. The y-axis and z-axis graphs should be small in amplitude and centered near zero. They likely will show some periodicity combined with erratic motions.
6.
Compare the acceleration graph to your sketched prediction in the Preliminary Questions. How are the graphs similar? How are they different? Record your observations where you sketched your predictions.
7.
The amplitude, A, of simple harmonic motion is half the total minimum to maximum displacement of the NODE. This corresponds to the distance you lift the NODE before releasing it. Lift the NODE about 2 cm (measure with the meter stick), and release it. The NODE should oscillate along a vertical line only. Start data collection, and then stop after about 10 seconds. Examine the graphs. If the x-axis acceleration graph does not show a large, clean sinusoidal curve, collect data again. Record the amplitude, A, in your data table.
8.
Using the x-axis acceleration graph, measure the time interval between maximum positions. The easiest way to do this is to measure the time between several consecutive maxima and divide this time by the number of minima in the time span you selected. This is the period, T, of the motion. The frequency, f, is the reciprocal of the period, f = 1/T. Based on your period measurement, calculate the frequency. Record the period and frequency of this motion in your data table.


9.
Repeat Steps 7–8 with a larger amplitude of about 5 cm. Measure and record this amplitude. Repeat Steps 7–8 for a third amplitude, no larger than 5 cm. Be careful not to use an amplitude that is large enough to disconnect the NODE from the spring. How does the maximum change in the x-axis acceleration change as you change the amplitude of the NODE’s motion? Record your observations.
DATA

	Run
	A
(cm)
	T
(s)
	f
(Hz)
	Maximum acceleration change
(m/s2)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


PROCESSING THE DATA

1.
View the graphs of the last runs on the screen. Compare the graphs of acceleration vs. time. How are they the same? How are they different?
2.
Compare your graph to your observations of the motion. Where is the NODE when the acceleration is zero? Where is the NODE when the acceleration is greatest?   

3.
Does the frequency, f, appear to depend on the amplitude of the motion? Do you have enough data to draw a firm conclusion?
4.
Calculate the difference between the first maximum and minimum acceleration values for each run. How do these values change with the amplitude of the motion?  

5.
Why is the x-axis acceleration offset from zero? Average the acceleration over several complete periods and record the average value. 
6. 
Does the model fit the data well? How can you tell?
EXTENSIONS

1.
Investigate how changing the spring constant changes the period of the motion using a second spring with a different spring constant. 

2.
How will damping change the data? Tape an index card to the bottom of the NODE and collect additional data. You may want to collect data for more than 10 seconds. Does the model still fit well in this case?

3.
Do additional experiments by connecting extra mass to the NODE to discover the relationship between the total mass and the period of this motion. Does the frequency, f, appear to depend on the mass used? Did it change much in your tests?
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