COURSE OUTLINE

(1) GENERAL

School of Science
Physics
Undergraduate

10YKO04

Physics IV (Modern Physics)

Lectures (theory and exercises) 6 7

Special Background

No

Greek

Yes, in the English language for Erasmus students

https://eclass.uoa.qgr/courses/PHYS183/



https://eclass.uoa.gr/courses/PHYS183/

(2) LEARNING OUTCOMES

The course aims at introducing the fundamental principles of Modern Physics (quantum mechanics,
atomic and subatomic physics) as well as in the perception of scientific methodology (theory-
experiment) that led to the great discoveries in the field of physics. Upon completion of the course
the student will be able to:

With the completion of the course the student is able to

*To know and apply relativistic definitions of quantities such as momentum and energy.

¢ To recognize and understand the experimental results that contradict the predictions of classical
physics and highlight the particle nature of light and the wave nature of the particles.

¢ Understand the meaning of a wave function of a particle and its connection to the probability of
finding it in space.

¢ Understand the solutions of Schrédinger’s equation for simple one-dimensional problems and their
consequences (such as quantum energy, tunneling effect).

¢ Use Heisenberg's Uncertainty Principle, mainly for estimates of size classes.

e Calculate typical quantities of atoms with one electron.

¢ Analyze the cumulative properties of multi-electron atoms.

¢ Describe qualitatively the structure of molecular bonds and spectra.

¢ Describe the characteristics of nuclear matter.

e Calculate typical quantities in nuclear reactions

eUnderstand the combined progress and synergy of experiment and theory that led to the Standard
Model of Elementary Particles

¢ Understand and apply conservation laws to particle physics.

e Combine the above knowledge to draw qualitative and quantitative solutions/answers on complex
physics problems.

e Evaluate the results of his/her calculations.

The course aims at the following general competences:

Search for, analysis and synthesis of data and information, with the use of the necessary technology
Adapting to new situations

Decision-making

Working independently

Teamwork

Production of new research ideas

Production of free, creative and inductive thinking




Analytical and synthetic thinking

Critical thinking

Taking initiative/responsibility

Creativity

Determination

Meeting Deadlines and Keeping Schedules
Flexibility / Adaptability

Problem solving

(3) SYLLABUS

® Relativistic energy and momentum of particles. Four-vector momentum-energy. Invariant mass.
Black body radiation. Photoelectric effect. Compton effect. Pair production. Breaking radiation.

e de Broglie waves. Heisenberg’s uncertainty principle. Two-slit experiments. Wave function.
Probability amplitude. Schrédinger equation.

e Simple one-dimensional problems: Infinite and finite square well potentials, reflection from and
transmission through barriers, tunneling effect.

e The Bohr atomic model. Quantum mechanical model of the atom. The hydrogen atom. Angular
momentum and spin. Fine structure. Many-electron atoms.

e Selected topics from molecular, nuclear and particle physics.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

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

Lectures 52
Exercises 26
Seminars

Individual Study/ Study and 94

Analysis of bibliography /
Preparation

Writing reports/ 3
essays/exams
Course Total 175

Final written exam in Greek, with problem solving covering
the entire course.

Oral examinations where appropriate.
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