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Solution: The inertial moment is I = M
2 R

2. The springs exert the forces,

Fmol = −kx+ k(L− x) .

Hence we have the equations of motion,

Mẍ = Fmol − Fat

Iθ̈ = I
ẍ

R
= dFmol −RFat .

Using x = Rω and eliminating the friction, we get,

Iθ̈ = I
ẍ

R
=
M

2
R2 ẍ

R
= dF −RFat = d[−kx+ k(L− x)]−R[−kx+ k(L− x)−Mẍ] .

Solving by ẍ,

ẍ+
2k

M

(
1 +

d

R

)
(2x− L) = 0 .

The frequency is,

ω0 =

√
4k

M

(
1− d

R

)
.


