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Moment of Inertia

MOMENT OF INERTIA PRIVATE 

OBJECTIVE:  To determine experimentally the moment of inertia of an object and to compare this with the theoretical value obtained from the mass and dimensions of the object. 

THEORY:  When an object at rest is set into rotation about some axis, it has a tendency to keep rotating at some angular speed,  measured in radians/sec.  This tendency is called the rotational inertia and is characterized by a physical quantity called the moment of inertia, I, of the object.  Moment of inertia is the rotational counterpart of inertial mass in linear motion.  Hence the kinetic energy of a rotating object is:  

      



KE = ( I2






(1)

In the experiment we set the object rotating by attaching it to a hanging weight and allowing the weight to fall.  Before dropping the weight, the energy is all potential energy, that of the hanging weight.  At the instant the weight hits the floor the energy is all kinetic energy, both in the rotating body and in the falling object.  Ignoring friction and the rotational kinetic energy of the pulley (which is reasonable to do since both the object and pulley rotate with little friction and the pulley’s moment of inertia is extremely small compared to that of the object), we can apply the Law of Conservation of Energy: 

           


mgh = ( mvf2 + ( If2.             



(2) 

The velocity (v) of the hanging weight is related to the angular velocity () of the rotating object by v = r where r is the radius of the drum on the object.  The final velocity is related to the average velocity, and the average velocity can be found from the distance dropped (h) and the time (t) for the drop:   vavg = (vf + vi) / 2 , and vavg = h / t, so that (with vi = 0, i.e., starting from rest) vf = 2h / t.  We can now substitute for both vf and f in Eq. (2) and solve for I in terms of the measurable quantities m, g, h, t and r :

           


I = mr 2 [ (gt 2 / 2h) ‑ 1 ]           



(3) 

The above equation will allow us to find the moment of inertia experimentally for any object.  We will compare our results for a uniform, solid disk and a uniform ring with those derived from theory.  Using the definition of moment of inertia, I = ( r 2 dm , one can show that theory predicts





Idisk = ( MR2






(4)





Iring = ( M(RIN2+ ROUT2)




(5)

where M is the mass of the disk or ring, R is the radius of the disk, RIN is the inner radius of the disk, and ROUT is the outer radius of the disk.  (Note: the “+” sign is correct in Eq. (5)!)

PROCEDURE:
1)  Begin with the empty apparatus as the rotating object. [CAUTION:  Adjust the height of the pulley so that the string will wind and unwind from the apparatus straight without getting tangled up in the bearings!  STOP the rotation of the drum once the weight hits the floor to prevent possible tangling!]  Record the height h.  In selecting a mass to start the apparatus rotating, experiment with different masses until you find one that will give a time of fall between 3 and 9 seconds.  Why? (HINT: consider sources of error.)   Once an acceptable mass has been found, time at least three falls and then determine an average time to use in Eq. (3).  Why?  Now measure r, the radius of the rotating drum, with a pair of calipers and use Eq. (3) to calculate I.  Call this moment of inertia Iapp, the moment of inertia of the apparatus.

2)  Now place the ring in the apparatus and find the moment of inertia as you did in Step 1 using Eq. (3).  The moment of inertia that you find is the moment of inertia of the apparatus PLUS the moment of inertia of the ring.  Subtract your value of Iapp from this I to find the moment of inertia of the ring, Iring.

3)  Remove the ring and place the disk in the apparatus and find the moment of inertia. Subtract the value of Iapp from your value of I to find the moment of inertia of the disk, Idisk.

4)  Now place the ring on top of the disk so that both are in the apparatus and find the moment of inertia.  Subtract the value of Iapp from your value of I to find the moment of inertia of the disk/ring combination, Icomb.

5)  Measure the radius of the disk and the inner and outer radii of the ring.  Record the masses of the ring and disk which should be painted on the ring and disk.  Now use Eqs. (4-5) to calculate the theoretical moments of inertia of the ring and disk.

REPORT:
1.  Make a sketch of the experimental set-up.  Indicate the quantities m, r, and h on the sketch.
2.  Compare your experimental and theoretical moments of inertia for the ring.  Are they close, within 10%?  Can you explain any discrepancy?

3. Compare your experimental and theoretical moments of inertia for the disk.  Are they close, within 10%?  Can you explain any discrepancy?

4. Compare your experimental and theoretical moments of inertia for ring/disk combination.  According to theory, the two moments of inertia simply add to give the moment of the combination. Are they close?  Can you explain any discrepancy?

5.  Compare the masses and the moments of inertia of the ring and disk.  Which mass is bigger?  By how much?  Which moment of inertia is bigger?  By how much?  Explain these results!

Check with your instructor on the next two steps; they may be optional for an in-class report.

6.  Using algebra, derive Eq. (5) by considering a ring to be a cylinder with an inner cylinder cut out of it. (HINT:  The ring is of uniform density.  Be careful about using the appropriate masses.)

7.  Show that Eq. (3) can be derived starting with  = I, instead of the Law of Conservation of Energy as was done here. 







