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PH 235 Moment of inertia review worksheet

Name____________________  Box # ______

The text p. 378 says torque about an axis is rFt, where r is the distance from the axis to the force, and Ft is the tangential component of the force. 

a) Use this (as the text does on p. 381) to show 

the torque on a point particle is ( = mr2 (.

(r is the distance from the axis to mass m)

b) Then sum up all the torques on the particles

of a rigid body to show that


(net = ( (i miri2 ) (.


This means (since ( = I() the rotational inertia I is equal to 
     I = ( (i miri2 ) ,

where ri is the distance from the axis to the i-th mass.

Now use this idea to find the rotational inertia 

ring

of a ring of mass M and radius R, about an axis 

through the cm of the ring.
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I ring, axis through cm, ( to plane  = 

What about when the axis is through the cm but in the plane of the ring?  Suppose the axis of the moment of inertia is the x-axis and the ring lies in the x-y plane. Then


I ring, axis through cm, ( to plane  = (i mi ri2 = (i mi (xi2 + yi2 ) .  (ring in the x-y plane, axis is the z-axis)

But when the ring axis is the x-axis


I ring, axis through cm, in xy plane  = (i mi ri2 = (i mi (yi2 ) .  (ring in the x-y plane, axis is the x-axis).


Use the fact that the sum over mi xi2 

must be the same as that over mi yi2 

to obtain a formula for the moment 


axis is x-axis

of inertia when the axis is the x-axis 

through the ring's cm.



I ring, axis through cm, in xy plane  = 

Now you are ready to try the moment of inertia of a sphere with respect to an axis through its center.

We will say the axis of rotation is the z-axis. Then


I sphere, cm, z-axis = (i mi ri2 = (i mi (xi2 + yi2 ).

We will call r'i the distance of the i-th particle from the sphere cm. Then one knows that


r'i2 = xi2 + yi2 + zi2 .

We also know for a sphere that the sum over all the particles is the same in any direction


(i mi xi2 = (i mi yi2 = (i mi zi2 . 

Use this to write the moment of inertia 

of the sphere as a constant times the

a sum over distances from the center

I = K (i mi r'i2 .

Your last step is to turn the sum into an integral. Take the

mass/volume of the sphere to be ( = M/(4/3 ( R3), and

use little mass elements mi = (m = ( (4(r'2)(r' for thin

spherical shells of thickness (r' and radius r'.  The integral

will run from 0 to the radius R of the sphere, and 

should result in a value of


I sphere, cm = 2/5 MR2 .

Please show all your work.

