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Damped oscillations of single-degree-of-freedom system

Exercise Nel
Consider a mechanical oscillator k + m + a. The instantaneous position x(t) of the mass m is represented by the
graph in fig.1.
1. What is the evolution regime of the oscillator? Give the differential equation involving the damping coefficient &
and the natural pulsation wg. Give the expression of x(t).
2. Determine graphically the pseudo-period Tj,.

3. Recall the definition of the logarithmic decrement D. Determine it graphically and then deduce the damping
coefficient § and the natural period Tj.
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Exercise No2
A body of mass m = 0.5kg resting on a horizontal plane and connected to a fixed frame by a horizontal spring of
stiffness k=245N/m. Moved away by X, = 3cm from its equilibrium position and then released without initial speed.
The body perform damped free oscillations because of a solid friction, which its coefficient is p = 0.1(tany = 0.1).
1. Calculate the oscillation period Ty.
2. How many half-cycles does the body perform and at what distance from the equilibrium position does it stop?
3. What is the total distance traveled by the body? Deduce the resistant work of the friction force.
4. Compare the potential energies of the spring before and after these oscillations, conclusion?
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Exercise No3

Consider a series RLC electrical circuit. We give C = 10uF and L = 100mH. The capacitor is initially
charged. At time t = 0, we close the RLC circuit and let it evolve freely. We set the resistance successively to
the following three different values: 10042, 15042, 25012,

1. Determine in each case the operating regime (mode) of this oscillator. In which case(s) oscillations
are observed? Then deduce in this(ese) case(s) the pseudo-period.
2. Which value should we give to R to observe the critical mode?
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Exercise Ne 04
I - Undamped Free Regime
Consider a single-degree-of-freedom system as shown in Fig.2. The homogeneous disk of mass M and
radius R can rotate around its fixed horizontal axis passing through its center. A rigid rod of length [ and
negligible mass; is attached to the disk, and carries a point mass m at its free end. A horizontally placed spring
with a stiffness constant k; is connected to the disk; its other end is fixed as shown in Fig.2. The system is in
static equilibrium when the rod is in its horizontal position. When in motion, the rod deviation from this
position is measured by the angle 6(t). We consider small amplitude vibrations and assume that sin 8 =
6 and cos @ = 1.
1. Calculate the system total potential energy U(6). Determine the spring deformation Ax at the
equilibrium position. Simplify then the expression of U(8).

Calculate the system kinetic energy T'(8). Jaisque = %MR2
Write the Lagrange function of the system £(8, 8) and extract the differential equation governing the

system motion and its natural frequency.
Il - Damped Free Regime

Now, the system experiences viscous damping represented by a damper « distant by b = %l from the origin
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of coordinates (Fig.2). Knowing that m = % k = ,R = é show that the differential equation of motion

can be written as:
6+ 260 + w20 =0
Specify the expression of § and w3.
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