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TD(G6W) Series Nel
Mathematical and physical background (remind)

Exercise Nel:
Develop in Taylor series the functions: sinx, cosx and e* at the neighborhood of x,. Verify Euler's identity for
xo=0ie.:
e/* = cosx + isinx with i =+v—=1 (Euler's relation)
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Exercise Ne2:
We consider the following two sinusoidal functions (simple harmonic oscillation):
x1(t) = Ajcos(wt + ¢q)
x,(t) = A,cos(wt + @,)
Prove by the complex number method that x = x; + x; is also a sinusoidal function of pulsation (w). Deduce
the amplitude (4) and the initial phase (¢).

N.A: -x;(t) =3cos(t) and x,(t) = 4sin(t)
* - x,(t) =2cos(t) and x,(t) = 3sin(t)

*Find the sum of n simple harmonic oscillations (sho) having the same pulsation (w), the same modulus (a)
and a constant phase shift & between two successive sho i.e.:

Acos(wt + @) = acos(wt) + acos(wt + §) + acos(wt + 28) -wrerrrermeeeees +a cos(wt + (n — 1)8)
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4sin(t)s x,(t) = 3cos(t)- Fo
3sin(t)s x,(t) = 2cos(t) - *

x2(t)
X, (t)
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Exercise Ne3 :
1- Develop in Fourier series the following periodic function:

+1, —T<t<0
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f© [E“’l' o<t<n
2- Is the equality always verified ?
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* Exercise No4:
Same questions for:
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ft) = —t* + m2 -t <t<mw
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Exercise Nob :
Solve the following differential equation:
y+5y+4y = f(t) withy(0) =1and y(0) =0
-1, -n<t<0
and f(t)_{+1, o<t<m
Remark: Only the first two terms of the Fourier series are considered.
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Exercise Nob :
- Give the expression of the fundamental law of dynamics. The theorem of the angular momentum of a solid in
rotation around an axis A and define each term appearing there.
- Give the moment of inertia noted I with respect to the axis of symmetry A of a cylindrical and
parallelepipedal shape of a solid.
- Give the Huygens theorem.
- Give the kinetic energy of a solid in translational motion, in rotational motion.
i) o pail)
bl Bas JSCaje s A sae dss 0o Alls  Glia auad (S all ol o) ey pail) 5B 5 e el -
bl sl Lanilly kil (5 ) sie ¢ S shand JSE e lia avad Al o 5e 5 e el -
oein gt Aok pai el -
4590 A4S el 4S a Alls (8 Cln anal 4 pall 48Ul 5 jle Lael -

Exercise No7 :
Prove that the simple pendulum is a system with one degree of freedom. 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 6 for each case. If we admit that the system performs movements of small
amplitudes around the position of stable equilibrium, give then the quadratic form of the potential as a function of
6. Then write the Lagrangian of the system.
How many degrees of freedom does a pendulum with a spring (rather than the inextensible wire) and a point mass
have? Choose the generalized coordinates, then write the corresponding Lagrange equations without derivation.
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