Problem 1: Damped vibrations

Consider a system with a single degree-of-freedom y undergoing a free, underdamped vibration. Let us

introduce the logarithmic decrement A = In y(%f)T) with T being the vibration period.

1. What is the correct formula for Lehr’s damping ratio D expressed solely in terms of A?

2. Consider the system response shown below. What is the value of D?
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Problem 2: Harmonic oscillator

Consider the harmonic oscillator shown below, which consists of a particle of mass m, an elastic spring
of stiffness k, and a dashpot with constant c¢. The particle is excited by an applied force F(t) =

F()Sil’l (%\/ T]Zt)
Given: m, ¢, k, F(t) = Fysin (% %t), Fy>0
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Problem 3: Oscillator with an attached rotator

The shown system consists of a particle of mass m, suspended by a vertical elastic spring of stiffness &
and zero unstretched length. The particle is in a frictionless guide, which forces it to move only vertically.
A second particle of the same mass m is attached to the first by an inextensible, massless beam of length
[, as indicated below. The beam is driven to rotate counterclockwise about the first mass with a constant
angular velocity Q. Gravity acts downwards, as shown. Let g(¢) denote the (small) displacement in the
ej-direction of the suspended particle around its equilibrium.

Given: m, k, I, g,

1. What is the equation of motion of the system in terms of ¢(t)?

2. Consider the initial conditions ¢(0) = 0, and ¢(0) = vy with a known constant vy. Further assume
02 = k/m. What is the motion q(t)?
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