COURSE OUTLINE

(1) GENERAL
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Lectures (theory and exercises) | 5 (3 theory & 2 7
exercises)

Special background

No

Greek

Yes, in the English language for Erasmus students
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(2) LEARNING OUTCOMES

By successfully attending and completing the course of ‘Electromagnetism I’ the student is expected
to obtain the necessary background and to develop skills that at the end of the semester should
mature into specific abilities so that the student should be able to:

= Recognize and describe mathematically electrostatic and magnetostatic phenomena in vacuum

and inside matter, i.e. dielectric and magnetic materials.

= Analyze and resolve basic and advanced problems so that their solution can be clearly
anticipated. Clarify/evaluate the obtained results.

= |dentify all the parameters involved in a problem, and most important to prioritize these
parameters in terms of significance, recognizing those who have the most important contribution.

= Adopt assumptions and approximations, when necessary, to resolve a physical problem, while
adequately documenting the correctness of the mathematical approach.

The general skills that the student should acquire at the end of the semester mainly refer to:

= Analysis of clearly/self-consistently defined electrostatic and magnetostatic problems both
in vacuum and under the presence of relevant materials.

= Development of ‘critical thinking’ to evaluate the clarity/self-consistency of a problem in
both physical and mathematical terms.

= Handling existing knowledge through both ‘inductive’ and ‘deductive’ reasoning in problem
analysis.

= Cultivation of self-consciousness and autonomy with the aim of efficiency in individual work.

=  Promotion of ‘free thinking’ with the ultimate goal to introduce creative ‘new proposals’
that are in-line with existing knowledge.




(3) SYLLABUS

® Mathematical background: Delta function. Helmholtz theorem. Gauss theorem. Stokes theorem.
Theorem of uniqueness. Laplace equation in Cartesian, cylindrical and spherical coordinates. General
properties of solutions of Laplace’s/Poisson’s equation solutions/Relation with symmetries of the
physical problem.

e Methods of solution: Boundary value problems in cartesian, cylindrical and spherical coordinates.
Multipole expansion. Methods of Images. Method of Inversion.

e Electrostatics in vacuum. Scalar potential. Electric field. Generalized Coulomb's law for point,
surface and volume/spatial charge densities. Gauss's law in integral and differential form/Symmetries
of the physical problem. Parity under space inversion. Force on point, surface and volume/spatial
charge densities. Work of the electric-force field. Conservation of energy in the electric-force field.
Boundary conditions for the scalar potential and electric field.

¢ Electrostatics in matter. Electric polarization. Electric dipole/Force and torque. Multipole expansion
of the scalar potential. Polarization mechanisms. Dielectrics. Bound charges of electric polarization.
Electrical neutrality of dielectrics. Electrical displacement. Boundary conditions for the electrical
displacement. Induced polarization: linear/nonlinear, homogeneous/heterogeneous,
isotropic/anisotropic  dielectrics.  Permanent electrical polarization.  Capacitors-Capacity.
Poisson’s/Laplace's equation for the scalar potential in dielectrics. Energy stored in dielectric
materials. Force acting on dielectric materials.

* Magnetostatics in vacuum. Vector potential. Magnetic field. Generalized Biot-Savart Law for linear,
surface and volume/spatial current densities. Ampere's law in integral and differential
form/Symmetries of the physical problem. Parity under space inversion. Force on linear, surface and
volume/spatial current densities. Work of the magnetic-force field. Conservation of energy in the
magnetic-force field. Magnetic scalar pseudo-potential. Boundary conditions for the vector potential
and magnetic field.

e Magnetostatics in matter. Magnetic polarization. Magnetic dipole/Force and torque. Multipole
expansion of the vector potential. Polarization mechanisms. Magnetic materials. Bound currents of
magnetic polarization. Magnetic induction. Boundary conditions for the magnetic induction. Induced
magnetic polarization: linear/nonlinear, homogeneous/heterogeneous, isotropic/anisotropic
diamagnetic, paramagnetic and ferromagnetic materials. Permanent magnetic polarization. Magnetic
scalar pseudo-potential. Magnetic pseudo-charges. Multipole expansion of the magnetic scalar
pseudo-potential. Poisson’s/Laplace’s equation of the magnetic pseudo-potential for the case of
permanent magnets. Energy stored in magnetic materials. Force acting on magnetic materials.

e Law of induction. Maxwell’s equations.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

e-class platform

Electronic communication with the students using ICT
(Information and Communications Technology)
Computer-aided lectures, use of Overhead Projectors,

Lectures 39
Exercises 26
Individual Study/ Study 107
and Analysis of

bibliography /

Preparation

Final written exams 3
Course Total 175

Final written exams in Greek.
Oral examination, if needed.
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