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Tutorials (TD) Series Ne5

Linear systems with two degrees of freedom
Exercise Neol: (elastic coupling)

Two pendulums of the same length [ but different masses (m; > m,) oscillate around their respective
axes 0;etO,(low amplitudes) being coupled by a stiffness spring Karranged according to the figure
below.
1. Establish the differential equations of movement of the system.
2. Make the following variable change: 8; = B, + B,et8, = p; — %52

3. Then give the proper pulsations w,etw, of the system as well as the general
solution of the movement knowing that at the initial moment ¢t = 0 we had:
6,(0) = 6y ; 91(0) =0;6,(0)=0; 92(0) =0
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Exercise No2: (inertial coupling)
The system shown in the figure below consists of two identical simple pendulums of mass mand length [
placedend toend. il -

1. Calculate the exact Lagrange function of the system.

2. Give the approximate expression of the Lagrange function in the case
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of small amplitude oscillations.
3. Establish the differential equations of motion in 6, and 0,.
4. Calculate the propre pulsations w, et w, and give the two associated
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eigenmodes, as well as the general solution of the movement of the
system.
5. Find the simplest initial conditions to achieve for the system to
oscillate according o the first vibration mode. Same question for the second mode.
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Exercise Ne3:
The following mechanical oscillatory system is considered: The 2 cylinders of the same mass M and the
same radius R roll without slipping, that is to say that when
they rotate respectively by 61 and 62, their centers of
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gravity move respectively by x; = R8: and x2= R6: ?;q-rﬂvl-rﬁ?ﬁ% . ,_%\Wa_,
1. Determine the kinetic energy and potential energy of \ |:i : ; Lo “'f" :| :":
the system (81 and ©2 will be chosen as variables) e ‘;\'m A

2. Establish the Lagrange function for ki = k2 =k and H A B /

K = 2k. From this deduce the system of differential
equations of motion
3. Find the propre pulsations corresponding to the possible vibration modes.
4. Deduce the passage matrix and write the general solutions.
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