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LEARNING OBJECTIVES
The course has as main objective the theoretical treatment of classical mechanics allowing
the student to connect the topics of the course with the concepts learned in Calculus I,
Calculus II, Geometry I and General Physics I.
In particular the student will acquire the basic knowledge for:
i) The study of holonomic systems with particular regard to the kinematics and dynamics of rigid bodies.
ii) The Analytical Mechanics.

DETAILED COURSE CONTENT
Vectorial and tensorial algebra:
Vector spaces, dimensions and bases of a vector space. Pseudo-Euclidean and Euclidean spaces. Metric
tensor, covariant and contravariant components. Coordinates Cartesian, polar, spherical and Cylindrical.
Coordinate changes. Curvilinear coordinates. calculus scalar and vector products, mixed products.
Tensorial Algebra. Covariant, contravariant and mixed components of a tensor. Vector ﬁelds in physics
Kinematics:
Particle kinematics. Motion, velocity and acceleration of a point particle: plane, circular, harmonic and
helical motions. Curvilinear abscissa. Intrinsic systems of references. Frénet formulas. Kinematics of rigid
bodies. Poisson's formulas and angular velocity. Analysis of the ﬁeld of velocity of a rigid body. Diﬀerent
kinds of rigid motions. Plane rigid motions. Rigid body with a ﬁxed point. Rigid body with a ﬁxed axis.
Mechanics of rigid bodies, some applications. Relative kinematics. Composition of the velocities, of the
accelerations and of the angular velocities. Galileian equivalence. Inertial frames and Galilei
transformations. Inertial and not inertial systems of references. Coriolis theorem. Fictitious forces. Coriolis
forces. Euler angles.

Dynamics:
Axioms of classical dynamics. Statics and the dynamics of a particle. Statics and the dynamics of a
system. Cardinal equations in static and in dynamics. Conservation theorems. Rigid-body dynamics.
Centers of mass and moments of inertia. Inertia tensor, principal axes. Principal moments of inertia.
Properties of the inertia tensor. Huygens and Steiner's theorems. Koenig's theorem for the kinetic energy.
Kinetic energy and angular momentum of a rigid body. Potential energy. Constraints. Holonomic and nonHolonomic constraints for physical systems. Generalized coordinates and degrees of freedom.
Conﬁguration space. Bilateral and unilateral constraints. Reversible and irreversible displacements. Ideal
constraints. Possible and virtual displacements. Principle of virtual work. Principle of d'Alembert.
Lagrangian and Lagrange equations. Conservative force ﬁelds and potentials. Conservation of energy.
Generalized potentials and applications. Integrals of motion. Equilibrium positions. Stability of equilibrium
positions. Lyapunov theorem. Dirichlet Stability Theorem. Small oscillations around stable equilibrium
points.
Analytical Mechanics:
Variational principles and the Lagrange equations. Conﬁguration space. Tangent vectors and tangent
space. Variational principle and Hamilton principle in the Conﬁguration space. Principle of the least action
and the Lagrange equations. Cyclic variables. Geodetic calculations. The brachistochrone problem.
Conserved quantities and Noether theorem. Two-body problem. Phase space. Hamiltonian Formalism.
Legendre transformations. Hamilton equations. Derivation of Hamilton equations from a Variational
principle. Application of Hamiltonian methods to various problems. Canonical transformations. Generating
function of a canonical transformation. Applications and examples. The theory of Hamilton-Jacobi.
Derivation of Hamilton-Jacobi equation from a Variational principle. Equation of Hamilton-Jacobi and its
application. Variable separation in the method of Hamilton-Jacobi. Poisson brackets. Poisson theorem.
Applications and examples.
Variational principles in the theory of electromagnetic ﬁelds:
Introduction to special relativity, Lorentz transformations, time dilation and length contraction, worldlines, Minkowski metric, spacetime interval, 4-scalars, 4-vectors and 4-tensors. Lagrangian formulation
and equations of motion deduced from variational principles.Variation of a functional in ﬁelds theory.
Tensor of the Electromagnetic Field. Gauge invariance and its connection with potentials generalized.
Invariants of the Electromagnetic Field. Construction of the Lagrangian function using the representation
theorems for scalar functions of the Lorentz group. General formulation for the linear and nonlinear
Maxwell equations, microscopic interpretation, experimental veriﬁcation.
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