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Simple Harmonic Motion
1.
Graphical Analysis version 2.0, or newer, is required for use with the NODE wireless sensor platform. For best results, always update to the latest version of the app.
2.
NODE wireless sensor platform should have no other modules attached to conduct this experiment.
3.
Students often have a hard time relating textbook discussions of simple harmonic motion to experimental data. In this experiment, they determine the parameters in the expression for acceleration in simple harmonic motion. The meaning of each term then becomes clear.

4.
NODE must be able to move freely throughout its range of motion. It is important to release the NODE smoothly in the vertical (x-axis) direction without imparting significant motion along the other axes.
5.
Inexpensive or bent springs will not give sinusoidal velocity graphs. The best springs are sold as “simple harmonic motion” springs. Some long springs sold for studies of waves can be cut into sections and used for this lab, although these are still not as good as specialized harmonic motion springs. Vernier offers an excellent set of such springs (order code: SPRINGS).
6.
A spring with 5 N/m stiffness should give a period around 0.5 s with only the mass of the NODE.

7.
The default sampling rates should be appropriate for this experiment but can be changed if needed.

8.
If the ring stand flexes during oscillation, the motion will not be simple harmonic. A rigid support is needed. 


10.
In this experiment, students lift the NODE to start the oscillation, rather than pulling down on the NODE. This makes it less likely the NODE will fly off the spring.


11.
Students tend to use a larger amplitude than is needed, causing the stand to flex or the NODE to fall. A 5 cm amplitude should be the largest used in this lab. 

SAMPLE RESULTS

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

	1
	1.5
	0.628
	1.59
	2.691

	2
	5.0
	0.636
	1.57
	8.983

	3
	3.0
	0.631
	1.58
	5.363
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Statistics
Ax:6.309 s
Samples: 487
Mean: 9.712 mis?
Std Dev: 1.874 m/s?
Min: 7.006 m/s?

@1.377s
Max: 12.369 m/s?
@ 1.065 s
Ay: 5.363 m/s?

0.0

5.0
Time (s)

10.0





ANSWERS TO PRELIMINARY QUESTIONS
1.
Acceleration sketches should be similar to x-axis data graphed above. (Note that any origin can be chosen by the student.)

2.
The zero velocity points should correspond to the maximum and minimum distances from the origin. The sign of the slope of the position plot should correspond to the sign of the velocity at a specific time. 

ANSWERS TO PROCEDURE QUESTIONS
6.
Comparison of preliminary sketches to data will vary. 


9.
The maximum acceleration excursion increases proportionally to the amplitude of the motion.

ANSWERS TO ANALYSIS QUESTIONS
2.
When the velocity has the largest magnitude, the mass is passing through the equilibrium position. When the velocity is zero, the mass is at a maximum or minimum position.

3.
The frequency, f , is approximately the same for the three amplitudes used. To demonstrate that the frequency is independent of amplitude would require measuring the frequency at many additional amplitudes.

4.
The maximum variation in the acceleration increases with amplitude.

5.
The accelerometer is measuring the normal force on the sensing element. That force is generated by gravitational acceleration added to that of the spring in the x-axis direction. When the spring is at its neutral position, gravity is the only force acting, giving an average reading of about 9.8 m/s2.

6.
Since we are not measuring the position in this experiment, the results should be compared to the features of the expression for the acceleration.
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