Problem 1: Disk on a carrier

The system shown below consists of a disk B of radius R and mass m, rolling without slipping on a
block A of mass M, which is, in turn, supported to move horizontally. A spring of stiffness k£ and zero
unstretched length connects a fixed wall with the center of mass CM of the disk. Denote by z4 and zp
the (absolute) translation of the block and the center of mass of the disk in e;-direction, respectively,
and assume that z4 = zp if § = 0. Neglect gravity and assume that the disk does not interact with the
fixed wall.

Given: m, k, M, R

B

What is the non-zero eigenfrequency of the system?
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Problem 2: Connected disks

The system shown below consists of two identical disks of masses m and radii R, rolling without slipping on
a horizontal surface. The two disks are connected by an elastic spring of stiffness k, which is unstretched
when 6; = 03. Consider small rotations around 6; = 02 = 0. Gravity acts downwards, as indicated.

Given: m, k, R, g

What are the eigenfrequencies and eigenmodes of the system?
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Problem 3: Bar-particle system

The shown system consists of a particle of mass m, attached to a spring of stiffness k¥ and a damper
of viscous coefficient ¢. The spring is, in turn, connected to the tip of a cantilever beam of length L,
Young modulus E and area moment of inertia I. Moreover, the tip of the beam is suspended by a bar of
length Lo, cross-sectional area A and Young’s modulus E. The mass of the beam and of the bar as well
as gravity can be neglected.

Given: m, k, ¢, E, A, I, Ly, Ly, EI/L3 = EA/Ly =k
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1. Assuming low damping, what is the eigenfrequency of the system?

For the next task, denote the eigenfrequency of the system by wg.

2. If the system is released at time ¢ = 0 from z(0) = z( and #(0) = 0 (z being the vertical displacement
of the particle), what is the subsequent motion of the particle?
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