Champlain College - St-Lambert Physics 203-NYA

Rotational Dynamics of Rigid Objects

1. Four small masses are connected by a very light rod and allowed to rotate about an axis
through the mass on the extreme left. Calculate the moment of inertia of the system as shown
above, and repeat the calculation for similar axes passing through each of the other masses in
turn.
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2. A solid circular flywheel (R = 0.75 m and M = 40 kg) has a thin rope wrapped around an in-
ner hub (» = 0.25 m). The rope is pulled with a steady force (#1) until the wheel is rotating at
an angular velocity of 8.0 rad/s after 5 m of string has been unwound. The rope is then re-
leased and the wheel is slowed down to 3.0 rad/s in a further time of 2.0 s by means of a 75 N
force (£2) applied radially to a friction brake.

a) Find the angular acceleration of the wheel during the first phase, the time taken to reach
maximum velocity, and the magnitude of the force F1.

b) Find the number of revolutions the wheel makes during the braking period and the friction
coefficient for the brake.
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3. The radius of a roll of paper shown is 7.6 cm and its moment of inertia is / = 2.9 x 10-3 kg m?.
A force of 3.2 N is exerted on the end of the roll for 1.3 s, but the paper does not tear so it
begins to unroll. A constant friction torque of magnitude 0.11 Nm is exerted on the roll which
gradually brings it to a stop. Assuming that the paper’s thickness is negligible, calculate the
length of paper that unrolls during the time that the force is applied (1.3 s).

4. Two disks are glued together to form a composite pulley. Then strings are wrapped around
them and attached to the 15 kg and 40 kg objects as shown, and the system is released from
rest.

Disk | Mass | Radius .
Large |30 kg | 0.60 m
Small |20 kg [ 0.40 m

~€-------

40 kg

a) Write down the 3 dynamics equations for the system;
b) express a1 and a; in terms of O;

c) solve for the values of a1, a2, &, and the tensions in the two strings.

Rémi Poirier page 2 of 3



1. 31md?, 15md3, 19 md?, 43md?

Answers

2. a)a=1.6rad/s?2,t=5s,F1=72N,b) A0 = 1.75 rev, Hk = 0.50

3. L=295m

4. a;=3.05m/s?
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a> =4.58 m/s?

o = 7.63 rad/s?

Table 10.2

Moments of Inertia of Homogeneous Rigid Objects

with Different Geometries

T1=179.7TN T2

=208.8 N

Hoop or thin
cylindrical shell
Icy = MR?

Solid cylinder
or disk

Ien= %MR'*'

(T

Long thin rod
with rotation axis
through center

Ion = i ML? L

Solid sphere
Iy = 3 MR?

Hollow c¢ylinder

Iai= %M(R,"’ + R

Long thin
rod with
rotation axis
through end

I= % ML2

Thin spherical
shell

Ien = %’MR?

TS

<SS

page 3 of 3



