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Introduction

1. E1: Rolling Cylinders

Goals

� Understand a rigid body motion.

� Estimate the moment of inertia I of a cylin-
der.

Fig. 1: A cylinder rolls down the ramp with the ini-
tial velocity vi = Rωi and reaches the final velocity
vf = Rωf after moving displacement x. Here, vi (f) is
the speed of the CM of the cylinder, R is its radius,
and ωi (f) is the initial (final) angular velocity of the
cylinder about its symmetry axis.

Fig. 2: The displacement x(t) of the cylinder in Fig. 1
as a function of time t. The upper (lower) curve rep-
resents x(t) of the filled (empty) cylinder.

2. E2: Rolling Wheel Set

Goal

� Estimate moments of inertia for various
rigid bodies.

Fig. 3: Wheel sets rolling down a slope. The upper
one consists of a pair of compact-disc (CD) wheels
linked through an axle. The lower one consists of a
pair of small wheels to which a pair of LP’s are at-
tached through an axle.

Fig. 4: The displacement x(t) of the CM of each of
the wheel sets. The upper one is for the CD set and
the lower one is for the LP set.

Theoretical Backgrounds

(a) The moment of inertia I of a rigid body.

� The rotational inertia I is defined as

I =

∫
r2dm,

where r is the perpendicular distance
from the axis of rotation to a differential
mass element dm.

� An empty cylinder of mass M and ra-
dius R rotating about the symmetry
axis: I = MR2.

� If the cylinder is uniformly filled, then

I =
1

2
MR2.
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(b) If a rigid body rotates about an axis with
the angular velocity ω and the correspond-
ing moment of inertia is I, then the kinetic
energy is

K =
1

2
Iω2.

(c) The total kinetic energy of a rigid body of
mass M can always be decomposed into

K =
1

2
Mv2CM +Krot,

where the first term is the kinetic energy of
a point particle of identical massM with the
velocity vCM of the CM. Here,

Krot =
1

2
ICMω2

is the kinetic energy of the rigid body about
an axis passing through its CM, ICM is the
moment of inertia about that axis, and ω is
the corresponding angular velocity.

(d) If a symmetric wheel of radius R rolls with-
out slipping, then the velocity vCM and ac-
celeration aCM of the CM are constrained
as

vCM = ωR, aCM = αR,

where ω and α are the angular velocity and
acceleration of the wheel about the symme-
try axis, respectively.

Experimental Procedure

1. E1
We denoteC1 andC2 by the empty cylinder and
the filled cylinder, respectively.

(a) Choose C1.

(b) Measure the mass and radius of the cylinder
and the angle of the ramp.

(c) Record a video of the rolling cylinder on the
ramp.

(d) Open the recorded video file.

(e) Set the calibration and coordinate tool.

(f) Make a tracking of the center of the rolling
cylinder.

(g) Construct a table for x(t) and vx(t) from the
data.

(h) Fill the xi, xf , vi, and vf of the data in the

Excel file.

(i) Compute the moment of inertia of the cylin-
der.

(j) Change the angle of the ramp and repeat
the steps (c)–(i).

(k) Repeat the steps (b)–(j) with C2.

2. E2
We denote W1 and W2 by the CD set and the
LP set, respectively.

(a) Choose W1.

(b) Measure the mass and radius of the wheel
set and the angle of the ramp.

(c) Record a video of the rolling wheel set on
the ramp.

(d) Make a tracking of the center of the rolling
wheel set.

(e) Construct a table for x(t) and vx(t) from the
data.

(f) Fill the xi, xf , vi, and vf of the data in the

Excel file.

(g) Compute the moment of inertia of the
rolling wheel set.

(h) Repeat the steps(b)–(g) with W2.
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