University of M'sila University year 2025/2026
Faculty of technology Domaine: ST
Department of mechanical engineering Module: Vibrations and Waves

_TD(6W) Series Ne2
Free linear systems with one degree of freedom
Exercise N°1: Y el
Determine the kinetic and potential energies of the following mechanical systems:
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Exercise N°2:

Compare between the proper pulsation of a mechanical system (k+m) and an electrical system (LC)
We give: k=100 N/m, m=250g, L=0.1 H, =100 pF.
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Exercise N°3: Additional exercise

A vibratory system (k+m), disposed horizontally, consisting of a mass m = 0.01kg and a spring k =
36N.m™1. At time t = 0, we observe that the mass is 50 mm to the right of its equilibrium position and is
still moving to the right with a speed of 1.7 m.s ™. Calculate the frequency, amplitude, initial phase and energy
of the system.

A second system identical to the first is vibrated with the same amplitude but with an advance phase

of m/2. calculate the displacement and the speed at t = 0. At what instant will it then pass through the
equilibrium position?



(Al ol 1Y o el

Al Aaall) yie | 81 K& de s e dlaal) k= 36N.m ™! Ualism = 0.01kg A e oS 5 Figa kK + m ol
L7 M s T Ao e oladY) (s 8 Jii g ) 51l qmy (g Gl G 50mm W ke da) ) Al ALSH Gl s g = 0
skl /2 sk S s Rl iy )3) i) A8l Jlaa oUai (50 aUail) 38Ua 13 5 lai¥) Asdoall s Zandl s i il Coneal
eu‘)\)meaynﬂh.\uw%ﬂg\sat:OA.u::u:_)uJ\}d\.wY\;u.u;\

Exercise N°4:
1. Simplify the system in Figure 1 by replacing the springs with an equivalent spring k.. (ki =k, =

ks =k etk, = 2k)
2. Deduce the nature of the movement and its own pulsation w, that we ask to calculate knowing that
k =150 N/m, m=1kg.
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Exercise N°5:

A rod of length | and of negligible mass articulated at point O carrying at its free end a point mass m. At a
distance a from O of the rod, a spring of stiffness k is attached vertically, the other end being fixed to a
fixed frame at point A. At static equilibrium, the rod assumes a horizontal position (6 = 0).

1. Aft this position (6 = 0), the spring is extended or not? deduce the equilibrium condition.

2. Establish the differential equation of weak oscillations and deduce their period.
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Exercise N°6:
A U-shaped tube with section S, contains a liquid of density p and length [ in the tube.

1. Establish the differential equation of free vibrations of small amplitudes.

2. Deduce their own pulsation.
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Exercise N°7: Additional exercise

Find the equivalent simple system of the system represented in fig.4, then calculate the proper pulsation. It
is assumed that the displacement of the mass is only vertical.
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