Simple Harmonic Motion
Mass on a Spring

Consider the mass-spring system on a horizontal frictionless table top, as shown. Displace the mass some small distance x from equilibrium.
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(1) Draw a freebody diagram for the mass and apply Newton’s Second Law to it.

(2) What is the differential equation that results from doing this?  State in words what this differential equation is “saying” about the function that is its solution.

(3) By inspection, what type(s) of functions are a solution to this DE?  Hint: What functions do you know that satisfy the condition stated in the previous question?
(4) Verify that your solution works by taking the appropriate derivatives and substituting into the DE.

(5) Compare the solution you just found with the function that we discussed for simple harmonic motion in more general terms.  Pay close attention to any constants that occur in the two solutions (and any analogies between those constants).
(6) For a mass on a spring you can now write (in terms of m and k)
(a) the angular frequency 
(b) the frequency
(c) the period
(d) show that each of these is dimensionally correct, knowing the units of m and k.

(6) Now I pull the block a distance A from its equilibrium position and release it at t = 0s.
(a) When is the potential energy maximized?  What is its value at that time? In terms of the period T, find two other times at which this potential energy has that same value.
(b) When is the kinetic energy maximized? What is its value at that time?

(c) Write an expression for the total mechanical energy of the system at an arbitrary time and show that total mechanical energy is conserved.
