Problem 1: Composite cylinder vibration

Two uniform cylinders of masses m; and mo and radii R; and Rs are welded together, as shown below.
This composite cylinder rotates without friction about a hinge located at its center. An inextensible
massless string is wrapped without slipping around the larger cylinder, whose two ends are connected to
the ground through a spring of stiffness £ and a damper of damping coefficient b. The smaller cylinder
is connected to a weight mg via another inextensible massless string wrapped without slipping around
the smaller cylinder. The weight is constrained to move vertically. Assume that the strings are able to
sustain compressive forces, and let § be a small angle. The spring is unstretched when 6 = 0.

Given: mg, m1, ma, R1, Ra, k, b, |0(t)] < 1, g

1. What is the equation of motion of the system in terms of the rotation angle 6(¢)?
2. At which rotation angle 0, is the system in static equilibrium?

3. What is the natural frequency wp and characteristic damping ¢ of the system?
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Problem 2: Bar-spring system I

Consider a system that consists of two bars of negligible masses and of lengths L and L/2. The bars
connect three points A, B and C, as sketched below. A spring of stiffness k£ and unstretched length L
connects A and C. Furthermore, a particle of mass m is rigidly connected to point C. The system is
hinged at B, while point A is constrained to move only in the vertical direction. Gravity acts downwards,
as shown.

Given: m, L, k, g

1. For what value of Ly is § = /4 an equilibrium position?

For the next task denote the unstretched spring length simply by L.

2. For which values of k is = 7/4 a stable equilibrium position?
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