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The following text is required by UTRGV au-
thorities:
COVID-19 RESOURCES: Required on all syl-
labi. Do not modify. Please visit the UTRGV
COVID-19 protocols web page for the most
up-to-date COVID-19 campus information and
resources. The COVID-19 Frequently Asked
Questions (FAQs) web page offers additional
guidance to specific questions. To submit a
question for the FAQ, please email Welcome-
Back@utrgv.edu.
UTRGV VACCINE PORTAL Required on all syl-
labi. Do not modify. UTRGV Students are eligi-
ble to receive the COVID-19 Vaccine. Students
may access and complete their vaccine profile
via the UTRGV Vaccine Portal. For additional
information on the COVID-19 Vaccine, please
visit the UTRGV Vaccine web page.

C ourse Description: This is an introduction
to Classical Mechanics at a graduate level.
It does require a knowledge of Calculus of

Multiple Variables, some knowledge of differential
equations and a knowledge of Classical mechanics
at the undergraduate level.

1 Learning Objectives for this
course

This is probably the most fundamental course in the
education of a professional physicist. Developed fun-
damentally in the XVIII century, systematizing the fun-
damental work of Kepler, Galileo and Newton, it laid
the theoretical foundation of physics in general. Fun-
damental concepts like physical system, energy, mo-

mentum, angular momentum, physical interactions
and mathematical constructions like Lagrangian and
Hamiltonian of as system in electromagnetism, sta-
tistical mechanics, quantum mechanics and modern
physics (including nuclear physics and relativity) in
general, stand on the foundations developed by the
mechanics rationalists of the XVIII century.
A solid command of these concepts and the ability
to formulate physical problems in general using this
framework of rational mechanics is the major expected
outcome of successful completing this course.
WARNING: the topics in the layout below

are tentative. There is no guarantee that we
will be able to cover all of them. I will priori-
tize in depth understanding by the majority
of the students over amount of topics covered.

2 Course layout

2.1 THE PRINCIPLE OF LEAST ACTION
AND THE EQUATIONS OF MOTION

1. Generalized Coordinates.
2. The principle of least action.
3. Galileo’s relativity’s principle.
4. The Lagrangian for a free particle.
5. The Lagrangian for a system of particles.

2.2 CONSERVATION LAWS

6. Energy.
7. Momentum.
8. Centre of Mass.
9. Angular momentum.

10. Mechanical similarity and the Virial Theorem.
11. Noether’s theorem.
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2.3 INTEGRATION OF THE EQUATIONS

OF MOTION

12. Motion in 1-dimension.
13. Potential energy and period of oscillation.
14. Reduced mass.
15. Motion in a central field.
16. Kepler’s problem.

2.4 COLLISIONS BETWEEN PARTI-
CLES

17. Disintegration of particles.
18. Elastic collisions.
19. Scattering.
20. Ruthersford’s formula.
21. Small angle scattering.

2.5 SMALL OSCILLATIONS

22. Free oscillations in 1-D.
23. Forced oscillations.
24. Oscillations with several degrees of freedom.
25. Vibrations.
26. Damped oscillations.
27. Parametric resonance.
28. Anharmonic oscillations.
29. Motion in a rapidly oscillating field.

2.6 MOTION OF A RIGID BODY

30. Angular velocity.
31. The inertia tensor.
32. Angular momentum of a rigid body.
33. The equations of motion of a rigid body.
34. Eulerian angles.
35. Euler’s equations.
36. The asymmetrical top.
37. Rigid bodies in contact.
38. Motion in a non-inertial frame of references.

2.7 THE CANONICAL EQUATIONS

39. Hamilton’s equations.
40. The Routhian.
41. Poisson brackets.
42. The action as a function of the coordinates.
43. Maupertuis’ principle.
44. Canonical transformations.
45. Liouville’s theorem.
46. The Hamilton-Jacobi equation.
47. Separation of variables.
48. Adiabatic invariants
49. Canonical variables.

3 Evaluation

Evaluation will be through delivery of the homework
assigned (40%) and three exams (20% each) given
equally spaced through the semester. the exams will
be based on the HW assigned.
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