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Tutorials (TD) Series Ne2
Free oscillations of systems with one degree of freedom

Exercise Nel
Compare between the natural pulsation of a k+m mechanical system and an LC electrical system.
We give: k = 100N/m,m = 250g,L = 0.1H,C = 100pF.
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Exercise Ne2
A vibratory system k + m (arranged horizontally), consisting of a mass m = 0.010kg and a spring
k =36N.m™!. At time t = 0, we observe that the mass is at 50mm from its equilibrium position in the
right side and is still moving to the right with a speed of 1.7m.s™*. Calculate the frequency, amplitude,
initial phase and energy of the system. A second system identical to the first one is vibrating with the
same amplitude but with a phase advance of /2, calculate the position and the speed at t=0. At what
moment will it then pass through the equilibrium position?

Gl o roill
ozl sic . oidl JSoiu dcgogo dlozdl .k = 36N.m™1 Laly m = 0.010kg &liS o S0 jipgo k+m ol
ac o ooVl Luss 0 Jasig Usledl o9 o waedl sl 50mm d,laie &3] (il aliSUl ol s t = 0 éuw)ll
aodl Guan [l aslud Jilow plas Sséy oladl @lb 135y aslanVl daxsally dswlly ilgdl cowsl .1.7m.s71
SUslel ooy S s younw @asd Sl (58 .t = 0 auc dc,ull ¢ JaY cowsl gl (58 /2 paso SJs
Exercise Ne3

- Simplify the system represented in Figure 1 by replacing the springs with an equivalent one k,
(kl :kz :k3 :ketk4 = Zk)
- Deduce the nature of movement and its natural pulsation w, which we ask to calculate knowing that m = 1kg

and k = 150N /m.
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Exercise Ne4
Find the simplified equivalent system of the system shown in fig.2, and then calculate its natural

pulsation. We assume that the mass moves only vertically.
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Exercise Ne5

A point mass m is suspended by two identical stretched springs of free length [, and stiffness constant k (fig.3).
The set takes a horizontal position such that the two springs will have a length [; (the weight of m is neglected
compared to the tension force in the two springs)

a) Calculate F, the force exerted by each spring on m.

b) If the mass m is shifted vertically by x from its equilibrium position so that each spring takes a length [
corresponding to x, then find the tension force F as a function of x.

c) Establish the equation of motion of the system in the case where x/l; < 1et ly/l; < 1.
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Exercise Neé
A rod of length | and negligible mass is articulated at point 0 and carrying at its free end a point
mass m. At a distance a from O on the rod we attach vertically a spring of stiffness k, its other end is
atteched at a point A of a fixed frame (fig.4). At static equilibrium, the rod takes a horizontal position
(8=0)
1- At this position the spring is it extended or not? Deduce the equilibrium condition.
2- Establish the differential equation of weak oscillations and then deduce their period.
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Exercise Ne7
A U-shaped tube of section S contains a liquid of density p and length [ in the tube (fig.b)
1- Establish the differential equation for free vibrations with weak amplitudes
2- Deduce their own natural pulsation
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