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1. The arm of the pendulum oscillates asl = l0 + acos(Ωt). Find LagrangianL = 1
2mv2−

U(x,y) and derive the equation of motion in terms of angleϕ(t) (see your notes), herex(t) =

l(t)sinϕ(t), y(t) = l(t)cosϕ(t), v2 = (x′(t))2 + (y′(t))2 and the potential energy has following

form: U =−mgl(t)cosϕ(t)

2. Solve the equationx′′(t)+ω2
0x(t) = BsinΩt, (ω0 6= Ω) with following initial conditions:x(0) =

0, x′(0) = 0

3. Solve the equationx′′(t) + ω2
0x(t) = Bsinω0t, with following initial conditions: x(0) =

0, x′(0) = 0. Hint - use substitutionx(t) = Atsin(ω0t + ϕ) + x0(t), herex0(t) is the general solu-

tion of homogeneous equation (equation without right hand side term).

4. Find inhomogeneous solution of the equation:x′′(t) + γx′(t) + 4x(t) = sinΩt, hereγ > 0.

Using Matlab plot dependance of the amplitude and phaseϕ of this solution onΩ (1 ≤ Ω ≤ 6)

for γ = 0.1, 02, 0.4, 0.6 ,0.8, 1.0


