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

Exercise Nel
Compare between the natural angular frequency of a k+m mechanical system and an LC electrical
system. We give: k = 100N/m,m = 250g,L = 0.1H,C = 100pF.
191t roull
LC sl ypSIl plaidlg k 4+ m sSwlSuodl plaill (sl il pasdl Gw w8
k =100N/m,m = 250g,L = 0.1H,C = 100pF : sl
Exercise Ne2
A vibratory system k + m (arranged horizontally), consisting of a mass m = 0.010kg and a spring
k =36N.m™1. 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 fo 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?
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Exercise Ne3
- Simplify the system represented in Figure 1 by replacing the springs with an equivalent one k,
(k1 =k, =ks =ketk, =2k)
- Deduce the nature of motion and its natural angular frequency wy, which you have 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

angular frequency. We assume that the mass moves only vertically.
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Exercise Ne5
A material point of 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.



sl o rill
2 d9iuine Guanll Ol plell o (k ool wulis 1y =l Jghll) Gubilaio cuasl Guilo m @ubnss aliS i
plol Jogo alisJl Ja5 of Uyuael 15] . 1; o)laio Yob Ll JS il @l 03a 08 . 3 JSeidl aseog) oS s,5 VI &Ll
Osledl e Ladl leog 33U dcgomoll O sl (8 auidl g9
m alSUl e Lab JS lpadn (sl Fy il 898 sl -l
il 868 2> .x asLVI lase 88ley Sl I Jgall e uasldl 35Ud o W)lase aledli asl;] alis)l wals -0
xalu F
x/l; € 1gly/l; €1 3 ol Uyel 3] &S, aloled] @sleoll 1> -o
Exercise Ne6
A rod of length [ and negligible mass is articulated at point O and carrying at its free end a point
mass m. At a distance a from 0 on the rod we connect vertically a spring of stiffness k, its other end is
connected to a point A of a fixed frame (fig.4). At static equilibrium, the rod takes a horizontal position
(6=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.5)
1- Establish the differential equation for free vibrations with weak amplitudes
2- Deduce their own natural angular frequency.
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