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Solution: a. The mass of the cylinder is,

M =

∫
V

ρ0dm = ρ0

∫ L

0

∫ 2π

0

∫ R

0

rdrdφdz = ρ0πR
2L .

The moment of inertia for a rotation around the center-of-mass is,

Icm =

∫
V

ρ0r
2dm = ρ0

∫ L

0

∫ 2π

0

∫ R

0

r2rdrdφdz = ρ0πL
R4

2
=
M

2
R2 .

The moment of inertia for a rotation about the distant axis is,

I = Icm +MR2 =
3M

2
R2 .

b. The equation of motion is,

Iα = |~R× ~τ | = −MgR sin θ − bθ̇ ,

or, considering small amplitude oscillations,

θ̈ +
2b

3MR2
θ̇ +

2g

3R
θ = 0 .

c. The frequency without friction is,

ω0 =

√
2g

3R
,

the damping coefficient is,

γ =
b

3MR2
,

and the frequency with friction is,

ω =
√
ω2

0 − γ2 =

√
ω2

0 −
b2

9M2R4
.

d. Making the ansatz φ(t) = e−γt(Aeiωt +Be−iωt), we obtain,

φ(0) = 0 = A+B

φ̇(0) = φ̇0 = (iω − γ)A+ (−iω − γ)B .

Hence,

A = −B =
φ̇0

2iω
,

and finally,

φ(t) = e−γt

(
φ̇0

2iω
eiωt − φ̇0

2iω
e−iωt

)
=
φ̇0

ω
e−γt sinωt .




