COURSE OUTLINE

(1) GENERAL

SCHOOL | SCHOOL OF SCIENCES

ACADEMIC UNIT | DEPARTMENT OF MATHEMATICS

LEVEL OF STUDIES | UNDERGRADUATE PROGRAM

COURSE CODE | 311-0260 SEMESTER | F

COURSE TITLE | CLASSICAL MECHANICS

INSTRUCTOR
INDEPENDENT TEACHING ACTIVITIES WEEKLY TEACHING CREDITS
HOURS
4 6

COURSE TYPE | Special background

PREREQUISITE COURSES: | NO

LANGUAGE OF INSTRUCTION and

EXAMINATIONS: GREEK

IS THE COURSE OFFERED TO | YES
ERASMUS STUDENTS

COURSE WEBSITE (URL) | https://www.math.aegean.gr/index.php/en/education/
undergraduate-programs

(2) LEARNING OUTCOMES

Learning outcomes

Upon successful completion of the course, students will be able to:

e Understand and explain the fundamental principles of Classical Mechanics, including conservation
laws and the principle of least action.

¢ I|dentify and classify fundamental types of mechanical systems and their characteristic behaviors.

e (ritically analyze fundamental mechanical systems using appropriate mathematical and physical
reasoning.

¢ Apply variational methods to derive the equations of motion for basic mechanical systems and
demonstrate a solid understanding of their application in Classical Mechanics problems.

¢ Interpret and utilize modern concepts in dynamical systems theory, particularly focusing on phase

space, phase trajectories, and the analysis of induced flows.

e Develop a foundational understanding of the transition from classical to modern formulations of
mechanics.

General Competences

Working independently. Team working. Working in an interdisciplinary environment. Decision
making. Production of free, creative and inductive thinking.

(3) SYLLABUS

¢ Newton equations of motion. Conservative forces. Conservation laws. Galilean transformations.
Introduction to the calculus of variations (the notion of functional, variation of a functional,
necessary conditions for the existence of extremals).

e Examples in the calculus of variations.

¢ An introduction to Lagrangian mechanics. The notion of generalized coordinates. Lagrangians and
Hamilton’s principle. Euler-Lagrange equations.

e An introduction to symmetries. Noether’s theorem. Energy and momentum conservation.
Problem and examples.

® The notion of constraints and Lagrange multipliers. Systems with moving constraints and non
conservation of energy. Euler-Lagrange equations for moving constraints. Examples.

¢ Hamiltonian Mechanics. Hamiltonian and canonical equations (Hamilton’s equations).

¢ Introduction to the notion of phase space. Phase plain, phase orbits, the notion of flow. The




phase plain of conservative systems

e The structure of the phase space for Hamilton’s canonical equations. Examples for Hamiltonian
systems in the plane.

e An introduction to the notion of canonical transformations. Liouville’s theorem. The generating
functions approach.

e An introduction to Hamilton-Jacobi (HJ) equations. The time-independent HJ equations.
Comments on the notion of integrable systems.

® The notion of Poisson brackets and symplectic matrices.

TEACHING MATERIAL The teaching material of the course is uniformly distributed
DISTRIBUTION during the semester.

(4) TEACHING and LEARNING METHODS - EVALUATION

DELIVERY | Face-to-face lectures.

USE OF INFORMATION AND (¢ Communication with students via e-mail
COMMUNICATIONS TECHNOLOGY |« Uploading course material on moodle system.

e Potential case studies with suitable symbolic and
numerical computations scientific software.

TEACHING METHODS Activity Semester workload
Lectures 52
Independent Study 98
Course total (25 per ECTS) 150

COURSE COMMITMENTS | Attending course is not obligatory.

STUDENT PERFORMANCE | Student’s evaluation is done in Greek through a written
EVALUATION | examination. For students with disabilities, evaluation takes
place via oral exams.

(5) ATTACHED BIBLIOGRAPHY

1. G.R. Douglas, Classical Mechanics. Cambridge University Press, 2006.

2. M.R. Spiegel. Theory and Problems of Theoretical Mechanics, Schaum's Outline Series, McGraw
Hill, 1980.

3. Electronic lecture notes and digital educational material prepared by the instructor are made

available to students upon their enrollment in the course and through the Moodle asynchronous
e-learning platform.





COURSE OUTLINE

		GENERAL





		SCHOOL

		SCHOOL OF SCIENCES



		ACADEMIC UNIT

		DEPARTMENT OF MATHEMATICS



		LEVEL OF STUDIES

		UNDERGRADUATE PROGRAM



		COURSE CODE

		311-0260

		SEMESTER

		F



		COURSE TITLE

		CLASSICAL MECHANICS



		INSTRUCTOR

		



		INDEPENDENT TEACHING ACTIVITIES

		WEEKLY TEACHING HOURS

		CREDITS



		

		4

		6



		COURSE TYPE

		Special background



		PREREQUISITE COURSES:

		NO



		LANGUAGE OF INSTRUCTION and EXAMINATIONS:

		GREEK



		IS THE COURSE OFFERED TO ERASMUS STUDENTS

		YES



		COURSE WEBSITE (URL)

		https://www.math.aegean.gr/index.php/en/education/undergraduate-programs





		LEARNING OUTCOMES





		Learning outcomes



		Upon successful completion of the course, students will be able to:

		Understand and explain the fundamental principles of Classical Mechanics, including conservation laws and the principle of least action.



		Identify and classify fundamental types of mechanical systems and their characteristic behaviors.



		Critically analyze fundamental mechanical systems using appropriate mathematical and physical reasoning.



		Apply variational methods to derive the equations of motion for basic mechanical systems and demonstrate a solid understanding of their application in Classical Mechanics problems.



		Interpret and utilize modern concepts in dynamical systems theory, particularly focusing on phase space, phase trajectories, and the analysis of induced flows.





		Develop a foundational understanding of the transition from classical to modern formulations of mechanics. 







		General Competences



		Working independently. Team working. Working in an interdisciplinary environment. Decision making. Production of free, creative and inductive thinking. 





		SYLLABUS





				Newton equations of motion. Conservative forces. Conservation laws. Galilean transformations. Introduction to the calculus of variations (the notion of functional, variation of a functional, necessary conditions for the existence of extremals).



		Examples in the calculus of variations.



		An introduction to Lagrangian mechanics. The notion of generalized coordinates. Lagrangians and Hamilton’s principle. Euler-Lagrange equations.



		An introduction to symmetries. Noether’s theorem. Energy and momentum conservation. Problem and examples.



		The notion of constraints and Lagrange multipliers. Systems with moving constraints and non conservation of energy. Euler-Lagrange equations for moving constraints. Examples.



		Hamiltonian Mechanics. Hamiltonian and canonical equations (Hamilton’s equations).



		Introduction to the notion of phase space. Phase plain, phase orbits, the notion of flow. The phase plain of conservative systems



		The structure of the phase space for Hamilton’s canonical equations. Examples for Hamiltonian systems in the plane.



		An introduction to the notion of canonical transformations. Liouville’s theorem. The generating functions approach.



		An introduction to Hamilton-Jacobi (HJ) equations. The time-independent HJ equations. Comments on the notion of integrable systems.



		The notion of Poisson brackets and symplectic matrices. 







		TEACHING MATERIAL DISTRIBUTION

		The teaching material of the course is uniformly distributed during the semester.





		TEACHING and LEARNING METHODS - EVALUATION





		DELIVERY

		Face-to-face lectures.



		USE OF INFORMATION AND COMMUNICATIONS TECHNOLOGY

				Communication with students via e-mail



		Uploading course material on moodle system.



		Potential case studies with suitable symbolic and numerical computations scientific software.







		TEACHING METHODS

				Activity

		Semester workload



		Lectures

		52



		Independent Study

		98



		Course total (25 per ECTS)

		150









		COURSE COMMITMENTS

		Attending course is not obligatory.



		STUDENT PERFORMANCE EVALUATION 

		Student’s evaluation is done in Greek through a written examination. For students with disabilities, evaluation takes place via oral exams.





		ATTACHED BIBLIOGRAPHY





		1.	G.R. Douglas, Classical Mechanics. Cambridge University Press, 2006.

2.	M.R. Spiegel. Theory and Problems of Theoretical Mechanics, Schaum's Outline Series, McGraw Hill, 1980.

3.	Electronic lecture notes and digital educational material prepared by the instructor are made

available to students upon their enrollment in the course and through the Moodle asynchronous

e-learning platform.











