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Problem P6 – Friction

A dumbbell consisting of two equal masses that are connected by a massless rod of length l can
move in a horizontal plane. The dumbbell is subject to a frictional force that is linear in the
velocity.

1. Show that the Lagrangian for the motion without fric-
tion is

L = m
(
ẋ2 + ẏ2

)
+

1

4
ml2φ̇2 (1)

and Rayleigh’s dissipation function

D = β
(
ẋ2 + ẏ2

)
+

1

4
βl2φ̇2 , (2)

where x, y are the coordinates of the center of mass and
φ is the angle indicated in the figure.
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2. Compute the generalized forces Qx, Qy and Qφ for the case with friction, and derive the equa-
tions of motion. State the general solutions in terms of the initial values for the coordinates
(x0, y0, φ0) and velocities (vx0, vy0, ω0).
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