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Simple Harmonic Motion Lab
Verifying the relation between period, T, spring constant, k, and mass, m, for a system of a mass on a spring.
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Equation 16-13 says that for a mass m attached to a massless spring executing simple harmonic motion, the period is:            

Your task is to investigate this using good experimental technique. Note that the book looks at the situation for a mass on a horizontal frictionless surface, while we use a mass hung vertically. You have seen in class that the two systems are equivalent.

In a previous activity, you found that the spring obeys Hooke's Law, |F| = k x.  By determining the displacement for a range of masses, measure k for this spring.  Do this graphically for a number of data points, not just for one mass. 

Your second task is to check the validity of the above equation (i.e. what is the functional dependence of the period on the added mass, and how can the spring constant be gotten from this data?). You must use a graphical approach. What variables will you use? How can you measure period accurately and precisely? Think about what you will plot on the axes.

Equipment: a spring and place to hang it from, some masses and a mass hanger, a meter stick, and a stopwatch
Very precise results are possible in this experiment. 
General experimental notes: 

• Do not attach more than 300 grams to the spring. 

• Pay careful attention to experimental conditions which do not match the ideal: for example you need to be careful that the oscillation is purely vertical and does not swing from side to side. There are at least two possible imperfections that could compromise the experiment. Perform the experiment so that these imperfections are not present, or at least are minimized. 

• Good experiments require attention to uncertainties. You need to consider ways to reduce the effect of uncertainties. 

• Notice that the spring oscillates even with no mass hanger on it.  This means that the mass of the spring (or some fraction of it) is part of the oscillating mass. A hint: Replace “m” in the above equation with “m +meff”.  What effect would this have on your graph? Is it consistent with what you see on your graph? 
 Use your graph to find the effective mass of the spring and compare it to the total mass of the spring ( i.e. what fraction of the total mass is meff?)
• An old joke says that in an experiment where a straight line is supposed to result, Physicists take three points, chemist take two points, and biologists take one point. A single data point says very little; you want to have several data points (several means at least 5) for different masses. Good experimental design also says that these points should be spaced widely. Thus masses of 400, 401, 402, 403, and 404 grams would not be a good choice! 

Notes to instructors:
• If students are to get correct slope, they must plot T2 vs. m, so the effective mass of the spring comes from the intercept and does not affect the value of the slope [as it does if they plot T vs. √m ].

• I like to have students mass the springs and find the effective mass from the intercept and see what fraction of the actual mass it is.
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