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(2) LEARNING OUTCOMES

The course provides an introduction to the basic mathematical tools that are necessary for the
students of the Physics Department in order to be able to attend without obstacles the Physics courses
that follow. Although this introductory course is not strictly rigorous, an extended discussion is
followed in order to clarify the connection between the specific mathematical objects and the science
of Physics. These mathematical tools are not covered by any other mathematical course.

With the completion of the course the student is able to:

e Handle vectors in 2 and 3 dimensions, perform operations with vectors (addition/ subtraction/
multiplication through interior or exterior product) and understand the necessity for invariance
of the output of these operations. Be able to handle and write vectorial quantities properly and
use indices for their description. Be able to analyze a vector in a given basis.

e Be able to use polar and spherical coordinates.

e Become acquainted with solid angles and be able to compute them.

e Handle matrices. Realize that matrices could be used either as transformational operators or as
tensorial objects that could be transformed. Use the summation convention to describe
operations between matrices. Know what the trace and the determinant of a matrix is, as well as
the operations of transpose or invertion is.

e Know how to compute the eigenvectors and the eigenvalues of matrices are. Know what
diagonalization of a matrix is and how to compute it.

e Perform operations with complex numbers and understand their geometric representation.

e Recognize a Hermitian matrix and understand that their eigenvalues are real.

e Be able to use all the above mathematical tools in physics problems

The course aims at the following general competences

Working independently

Production of free, creative and inductive thinking
Analytical and synthetic thinking

Critical thinking

Problem solving




(3) SYLLABUS

e Complex numbers. Geometrical representation. De Moivre’s theorem. Connection with
geometry.

e Vectors and vector operations (addition-subtraction, inner and outer product) with applications
to kinematics and geometry. Use of indices and summation convention.

e Matrices. Matrix operations. Matrices as transformations in two or three dimensions. The
determinant as volume ratio. Operations on determinants and solution of linear algebraic
systems. Inverse matrices. Rotation matrices in two dimensions.

e Eigenvectors and eigenvalues of 2x2 and 3x3 matrices. Matrix diagonalization. Invariance of the
trace and determinant.

e Vector spaces as an algebraic structure. Linear independence. Basis. Dimension. Subspaces.

® Metric spaces. Vector orthogonalization.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Parallel live distance learning and recording.

Yes

Electronic communication with the students using ICT
(Information and Communications Technology),
eclass platform

Lectures 40
Exercises 12
Individual Study/ Study and 98

Analysis of bibliography /
Preparation

Course Total 150

Final written exams in Greek

Oral examination (when appropriate)
Problems for students to solve at home (optional). The
problems are uploaded in eclass.




(5) ATTACHED BIBLIOGRAPHY

- Suggested bibliography:

e Notes (in electronic form) adjusted to the material of the course.
e 0Old school books with appropriate material.

- Related academic journals:

e Various articles on the relation between various aspects of Physics and the mathematical
objects taught in the course.




