CT12-7.

Consider a rod of uniform density with an axis of rotation through its center and an identical rod with the axis of rotation through one end.  Which has the larger moment of inertia?
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Pink:  IC > IE

Green: :  IC < IE

Yellow: :  IC = IE​
Answer: IC < IE   

 The left half of E (the side closest the axis) has the same mass and same r-distribution as either half of C.  So the left half of E contributes to IE the same amount as either half of C contributes to IC.  But the right half of E (furthest from origin) has bigger r's everywhere than anywhere on rod C, so the right half of E makes a bigger contribution to IE than either half of C contributes to IC.  

Or one can argue from the Parallel Axis Theorem: I = ICM+Mh2.  The moment of inertia ICM through the C.M. is always smaller than the moment of inertia thru any other axis.

Consider two masses, each of size 2m at the ends of a light rod of length L with the axis of rotation through the center of the rod.  The rod is doubled in length and the masses are halved. What happens to I?
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Answer: IA < IB
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CT12-8.  

Two wheels with fixed axles, each have the same mass M, but wheel 2 has twice the radius of wheel 1.  Each is accelerated from rest with a force applied as shown. Assume that all the mass of the wheels is concentrated in the rims so that the moment of inertia of each is of the form I = M R2 (hoop formula).  In order to impart identical angular accelerations to both wheels, how much larger is F2 than F1?  Recall that 
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Pink: F2 = F1​ .


Green: F2 = 2F1​ .

Yellow: F2 = 4F1​ .

Blue: F2 = 8F1​ .

Purple:  None of these.

Answer: F2 = 2F1​ .
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 and wheel 2 has 4 times the I of wheel 1 (twice the radius, so 4X bigger I).  So to have the same ( on both wheels, wheel 2 needs 4 times the torque of wheel 1.  Torque ( is (lever arm)((force).  For wheel 2, the lever arm (2R) is twice as big as for wheel two, so we only need twice the force to get 4 times the torque.

In detail, 
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  For wheel 2, 
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.   Applying the same equation to wheel 1 yeilds 
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.   So to get the same ( for both wheels, F2 has to be twice as large.

 CT12-9.

A sphere, a hoop, and a cylinder, all with the same mass M and same radius R, are rolling along, all with the same speed v.
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Which has the most kinetic energy?

Pink: Sphere

Yellow: Hoop

Green: Disk

Blue: All have the same KE.
 Answer: Hoop.  

KEtot  =  KEtrans + KErot   = =(1/2)M v2 +  (1/2) I (2.

All three have the same KEtrans=(1/2)M v2.  The one with the largest KErot will have the greatest KEtot.  That is the one with the largest I (all have the same (=v/R).  IHoop=MR2,   IDisk=(1/2)MR2,   ISphere=(2/5)MR2.  Hoop has the largest I.

You can see this intuitively the following way:  The hoop has all its mass at the rim, where things move fastest (speed at the top of the rim is 2v).  The others have mass near the middle where things move more slowly.
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