Begin your response to QUESTION 3 on this page.

Figure 1

Note: Figure not drawn to scale.

3. A uniform disk of radius R and mass my is attached to a vertical pole by a horizontal axle that passes through the
center of the disk. Friction between the axle and the disk is negligible. A lump of clay of mass m, is attached to
the edge of the disk at Point A. The size of the lump of clay is small compared with the radius of the disk. A
horizontal string is connected from the pole to the edge of the disk at Point A. The string makes an angle 6 with
the line between Point A and the axle, as shown in Figure 1.

(a) On the following representation of the clay-disk system, draw and label the external forces (not components)
exerted on the system. Each force must be represented by a distinct arrow that starts on, and points away from,
the point at which the force is exerted on the system.

GO ON TO THE NEXT PAGE.

Continue your response to QUESTION 3 on this page.

(b) Derive an expression for the tension Fp in the string when the clay is at Point A, as shown in Figure 1, in
terms of R, my, m., 6, and physical constants, as appropriate.

Figure 2

Note: Figure not drawn to scale.

(c) The string remains connected to the edge of the disk at Point A. The clay is moved to Point B, which is
horizontally in line with the axle, as shown in Figure 2. How does the new tension Fr ., compare with
tension Fp from part (b)? Justify your reasoning.

GO ON TO THE NEXT PAGE.

Continue your response to QUESTION 3 on this page.

Nonuniform Disk,

p(r)=pr

Figure 3

Note: Figure not drawn to scale.

(d) A nonuniform disk is now attached to the axle. The lump of clay is attached to the disk at Point B, as shown in
Figure 3. The clay has mass m. = 0.60 kg and the disk has a radius R = 0.30 m. The mass density of the disk
varies radially and can be modeled by p(r) = fr, where r is the radial distance from the axle
and B = 4.0 kg/m’.

i. Calculate the rotational inertia of the disk about the axle.

ii. The string connecting the disk to the pole is cut. Calculate the magnitude of the initial angular
acceleration of the clay-disk system.

GO ON TO THE NEXT PAGE.

STOP

END OF EXAM




