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Tutorials (TD) Series Nel
Mathematical recall and Lagrange formalism

Exercise Nol

- Give the expression of the fundamental law of dynamics. The angular momentum theorem for a solid
rotating around an axis A and define each term in it.

- Give the moment of inertia J with respect to the axis of symmetry A of a cylindrical or parallelepipedic
solid.

- State the theorem of Hugens.

- Give the kinetic energy of a solid body in translational movement, in rotational movement.

- State the law of meshs and the law of nodes. Give the potential difference across a resistor R, a capacitor C
and a coil L

- Give the expression for electrostatic energy in a capacitor C, magnetic energy in a coil of self-inductance L and
energy dissipated by Joule effect in a resistor R in unit of time.
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Exercise No2
Expand in Taylor series the functions: sinx, cosx and e* around x,. Check the Euler identity for x, = 0 i.e.
e/* = cosx + jsinx avec j = V-1
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Exercise No3
We consider the following two sinusoidal functions (simple harmonic oscillation) (sho):
x1(t) = Ajcos(wt + ¢q)
x,(t) = Aycos(wt + @5)
Show by the complex number method that x = x; + x; is also a sinusoidal function with the same pulsation w.
Deduce the amplitude and the initial phase A and ¢ respectively.

AN -x;(t) =3cos(t) et x,(t) = 4sin(t)
* - x1(t) = 2cos(t) et x,(t) = 3sin(t)

* Find the sum of n (sho) with the same pulsation w, the same module a and a constant phase shift § between two
successive (sho), i.e.:

Acos(wt + @) = acos(wt) + acos(wt + &) + acos(wt + 28) 4eerewerereeeenens +a cos(wt + (n — 1))
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Exercise No4
Solve the following differential equation:
¥+ 5y + 4y = f(t) whereas y(0) = 1and y(0) =0
f(t) is a function defined as :
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note: Take into consideration only the first two terms of the Fourier series.
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Exercise Nob

Show that the simple pendulum (point mass + inextensible wire) is a system with one freedom degree. Make the
appropriate choice of the generalized coordinate (denoted 8). Show that the system admits two equilibrium positions,
one stable and the other unstable, and specify the value of 8 for each case. If we admit that the system move with small
amplitudes around the stable equilibrium position, then give the quadratic form of the potential as a function of 8. Then
write the Lagrange function of the system.

What is the number of freedom degrees of a pendulum composed of a spring (instead of the inextensible wire)?
Choose the generalized coordinates, and then write the corresponding Lagrange equations without differentiation.
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