Lecture 9 — Appendix B: Some sample problems from Chapter 9 in K & B. As you
think about these exercises, you are encouraged to use Mathematicaor other similar
programs) to evaluate the various quantities numerically and make plots (like any
here).

Exercise 9.2 in K & B

Solution: We want to consider a system with a changing moment of inertia and no
external forces (torques). Thus the angular momentum is conserved and so the
angular frequency must vary as the insect moves towards the center. This first part is
very similar to the exercise on the first exam. When the insect reaches the center of
the disk, the moment of inertia is just that due to the disk and we have
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The change in the kinetic energy is then
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This energy is supplied by the insect as it does work against the centrifugal force. As
the insect crawls back to the edge, the centrifugal force does work on the insect, but
the energy is not reclaimed by the insect. The energy is simply dissipated as heat.

Exercise 9.4 in K&B

Solution: Here we want to use our knowledge of moments of inertia to consider the
motion of a compound pendulum. In particular, we can use Eq. (9.23) to consider the
moment of inertia for various configurations. For rotations about their CMs the
individual spheres (mass m) have a moment of inertia
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for any axis of rotation. For case (a) with the motion perpendicular to the line of
centers of the 2 spheres, the line of centers is parallel to the axis of rotation. Thus the
configuration is just 2 spheres displaced from the axis of rotation by the length of the
rod (R=250 mm). Thus we have
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For case (b) the 2 spheres are in the plane of the rotation, and thus their CMs are
slightly further from the axis of rotation than in (a), i.e., displaced by the hypotenuse
of the triangle formed by the rod and the radius of the sphere. Now we have
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Since the moment of inertia is slightly larger, the period is slightly longer. In the
limit of point spheres, r - 0, but with the same mass, we get the freshman physics
result
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Exercise 9.5 in K&B

Solution: Consider a uniform rod of mass M and length 2a supported by a
frictionless, i.e.,smooth, hinge. We know from the Lecture that such a compound
pendulum (not a point mass on a string) with mass M, moment of inertia | and
distance from the support point to the CM of R has an effective length given by

"I"=1/MR. So in this case we have
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Now impulse (instantaneous force) at point b (from hinge) gives the following
instantaneous change in the angular momentum
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As suggested by the rest of the problem, the linear momentum right after striking the
rod is not, in general) X, which it would be if there is not corresponding impulse (in
the opposite direction) supplied by the hinge. However, if we choose b=4a/3 (1/3 a
past the CM), the momentum just after the impulse is X and the hinge has supplied no
impulse. This explains the concept of a “sweet spot” when hitting a baseball with a
bat. The ball striking the bat is the impulse and, if the ball hits the bat at the correct
place along its length, the hinge, which is your hands in this case, will not have to
provide an impulse (and your hands will not sting!).

Exercise 9.6 in K&B

Solution: As a continuation of the previous problem, we solve explicitly for the
forces supplied to a pendulum by the support point. First (a) we consider a simple
pendulum with a point mass M at the end of a light rod of length |. The equations of
motion and support forces are described in Egs. (9.8), (9.9) and (9.10). So here we
have R=| and for the specified initial conditions, released at rest for,f = f2,E=0
in Eq. (9.9). Thus the forces at the support
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Thus the corresponding forces at the support are
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Finally for a simple pendulum we obtain the horizontal and vertical forces from part

(a) and find
3
—=Mgsin2 ,
> g

Qhor_Sianr €os Qf §F1'l CbS Mg( )-
Mg %Mg(l cos? ). f

Qe = <osfQ sin Q, 3evs

The forces are similar but clearly not identical
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