FUNDAMENTAL PHYSICS
Rotation (rotational inertia)
Sections 8.1, 8.3, 8.6, 8.8


Three essential ideas about this reading:

1. An object’s response to a torque depends not only upon the object’s mass but also on how the mass is distributed about the axis of rotation.

2. The object’s rotational inertia represents both (a) its mass and (b) how the mass is distributed about the axis of rotation.

3. All of the physics relationships we have used so far (Newton’s laws, work-energy relationship, conservation of momentum, etc.) can also be used with rotation with torque (τ), rotational inertia (Ι) and angular motion variables (α, ω and θ) in place of force (F), mass (m) and linear motion variables (a, v and x).

Rotational Inertia

1. Newton’s second law relates force, mass and acceleration.  If we use torque instead of force, and angular acceleration instead of acceleration, do the units work out?



2. Suppose, in addition to using torque instead of force and angular acceleration instead of acceleration, we use “rotational inertia” instead of mass.  What units must the “rotational inertia” have in order to make the units work out?




3. Mathematically, what is the definition of rotational inertia?



4. Using I to indicate rotational inertia, write Newton’s second law in terms of angular (rotational) quantities.



5. Write down the following quantities in terms of angular (rotational) quantities:

a. Translational kinetic energy (Ktr = ½mv2):




Rotational kinetic energy, Krot = 


b. Momentum (p = mv):




Angular momentum, L = 


6. What are the units of rotational kinetic energy?



7. What are the units of angular momentum?



Calculating rotational inertia

8. What does the “r” in the definition of rotational inertia represent?



9. In most cases, the average value of r is less than the radius of the object R.  Why?



10. For which of the following objects would you expect the rotational inertia to be less than mR2, where R is the radius of the object?

a. Solid sphere (rolling)

b. Hollow sphere (rolling)

c. Hoop
 (spun around its center, like a Frisbee)

d. Disk (spun around its center)


11. Which object has a larger rotational inertia about the indicated axis?

a. Door A, rotated about hinges along one side

b. Door B, which is twice the width as door A but half the density (i.e., the same mass), rotated about an axis through its center (like a revolving door).


12. Unlike mass, the rotational inertia of an object can change simply by moving the mass around.

a. If a skater brings his/her arms in toward the body, what does this do to the skater’s rotational inertia?

b. If the skater’s angular momentum does not change (if there is no external torque being exerted), what does this do to the skater’s angular velocity?


13. Compare a solid cylinder with a hollow cylinder.

a. Which object has a larger rotational inertia about its center, for the same mass?

b. For the same mass, which object is harder to start spinning about its center?

14. A uniform solid cylinder rolls without slipping down an incline.  At the bottom of the incline, the speed, v, is measured and the translation and rotational kinetic energies (Ktr, Krot) are calculated.  A hole is drilled through the cylinder along its axis and the experiment is repeated; at the bottom of the incline the cylinder now has speed v′ and translation and rotational kinetic energies K′tr and  K′rot.

a. How does the ratio of rotational to translation kinetic energy of the cylinder (K′rot/K′tr),  compare to its original value (Krot/Ktr)?

b. Does your answer to (a) depend upon the masses of the two cylinders?

c. How does the speed v′ of the cylinder compare with its original value, v?

d. Does your answer to (c) depend upon the masses of the two cylinders?

For homework (to be collected on Friday):

· CQ #4

· Problems #2, 6, 47, 48, 54, 70, 74, 76







� Assume the thickness of hoop is negligible compared to its radius.
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