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Problem 3 (35 points)

A solid, uniform disk of mass M and radius R is oscillating about an axis through P. The
axis is perpendicular to the plane of the disk. Friction at P is negligibly small and can be
ignored. The distance from P to the center, C, of the disk is b (see figure). The gravitational
acceleration is g.

a. (7) When the displacement angle is 6, what then is the torque relative to point P?
b. (7) What is the moment of inertia for rotation about the axis through P?
c. (7) The torque causes an angular acceleration about the axis through P. Write down the

equation of motion in terms of the angle # and the angular acceleration.

As the disk oscillates, the maximum displacement angle, 0,,.x, is very small, and
the motion is a near perfect simple harmonic oscillation.

d. (7) What is the period of oscillation?

e. (7) As the disk oscillates, is there any force that the axis at P exerts on the disk? Explain
your answer.



Problem 3 35 points

Tpts a) 7, =|rp,x F|=—bMgsin
7pts b) I, =1I,+ Mb = JMR? + Mb>

Tpts ¢) Y1 = I
—bMgsind = (s MR? + Mb?)0
7] bg s —
=0+ TR 132 sinf =0
7 pts d) Under the small angle approximation, sinf ~ #, and the equation of motion is given

by 6 + l—R’;ﬂﬁe = (0 which is simple harmonic with an angular frequency given by
2

C e 1 R2 4 b2
w= ‘/%. The period is given by T = 2T = 27 %.

7 pts e) There must be a force at P or the CM would accelerate straight downwards.
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