
SYLLABUS
 Magnetic Phenomena Physics / Fizica fenomenelor magnetice

University year 2025-2026

1. Information regarding the programme
	1.1. Higher education institution
	Babes-Bolyai University

	1.2. Faculty
	Physics

	1.3. Department
	Solid State Physics and Advanced Technologies

	1.4. Field of study
	Physics

	1.5. Study cycle
	Master

	1.6. Study programme/Qualification
	Solid State Physics

	1.7. Form of education
	full-time education/ învățământ cu frecvență



2. Information regarding the discipline
	2.1. Name of the discipline
	Fizica fenomenelor magnetice / Magnetic Phenomena Physics
	Discipline code
	FME1201

	2.2. Course coordinator
	Prof. Dr. Coriolan Tiusan

	2.3. Seminar coordinator
	Prof. Dr. Coriolan Tiusan

	2.4. Year of study
	I
	2.5. Semester
	2
	2.6. Type of evaluation
	E
	2.7. Discipline regime
	DA



3. Total estimated time (hours/semester of didactic activities)
	3.1.  Hours per week  
	3
	of which: 3.2 course
	2
	3.3 seminar/laboratory
	1

	3.4.  Total hours in the curriculum
	42
	of which: 3.5 course  
	28
	3.6 seminar/laborator
	14

	Time allotment for individual study (ID) and self-study activities (SA)
	hours

	Learning using manual, course support, bibliography, course notes (SA)
	10

	Additional documentation (in libraries, on electronic platforms, field documentation)
	20

	Preparation for seminars/labs, homework, papers, portfolios and essays  
	22

	Tutorship 
	2

	Evaluations
	4

	Other activities: 
	-

	3.7.  Total individual study hours
	58

	3.8.  Total hours per semester
	100

	3.9.  Number of ECTS credits
	5



4. Prerequisites (if necessary)
	4.1. curriculum
	Magnetism, Solid state Physics, Quantum Physics

	4.2. competencies
	Valorisation of physical fundamentals, of methods and tools of solid-state physics and material science for specific applications. Use and development of research laboratory equipment and industrial laboratory for conducting research experiments.



5. Conditions (if necessary)
	5.1. for the course
	Classroom equipped with blackboard and projector

	5.2. for the seminar /lab activities
	Access to the research laboratories (Institute Ioan-Ursu) of Babes-Bolyai University 


6.1. Specific competencies acquired [footnoteRef:1] [1:  One can choose either competences or learning outcomes, or both. If only one option is chosen, the row related to the other option will be deleted, and the kept one will be numbered 6.] 

	Professional/essential
competencies
	· Using of advanced knowledge of physics, mathematics and chemistry of solids for study in Solid-State Physics and Materials Science. Capacity for analysis and synthesis of physical data, the ability to model complex phenomena.
· Capitalization of physical fundamentals, of methods and tools of Solid-State Physics and materials science for specific production activities, expertise, and monitoring. Mindset multi-and interdisciplinary.
· Planning and conducting experiments to assess the uncertainty and interpretation of the results. Use basic research laboratory equipment and industrial laboratory for conducting research experiments. Planning and implementation independently experiments and experimental investigations and evaluating the uncertainty of the results
·  Communicating complex scientific ideas, conclusions, or results of a scientific project experiments.
· Ability to obtain and argue scientific results, the ability to produce scientific papers and to relate to the editorial board of scientific journals of the field.

	Transversal competencies
	· Fulfil the professional tasks effectively and responsibly with respect for law and ethics under qualified assistance. Responsible execution of professional duties in terms of autonomy and decision-making based on self-assessment.
· Effective work in multidisciplinary team on different hierarchical levels. Implementation of activities and fulfilling specific teamwork roles on different hierarchical levels, showing initiative and entrepreneurial leadership based on promoting dialogue, cooperation positive attitudes, mutual respect, diversity and multiculturalism and continuous improvement of their activities.
· Effective use of information sources and communication resources and training assistance, both in Romanian and in a foreign language. 
· Objective self-evaluation of the need for continues training to labour market insertion and the adaptation to dynamic requirements of labour market.


6.2. Learning outcomes
	Knowledge
	The student knows advanced theoretical framework on Magnetic Phenomena regarding the following issues:
· From basic atomic origin of magnetism to various type of magnetism in materials
· Main characteristics of various classes of magnetic materials
· Main classes of fundamental interactions and interaction energies in magnetic materials
· Basic principles of atomistic and micromagnetic modelling
· Magnetic properties in nanoscopic regime
· Micromagnetic imaging and magnetic characterization techniques.
· Applications of magnetic materials.

	Skills
	· Apply advanced theoretical concepts of magnetism to analyze and interpret magnetic phenomena in solids, from the atomic-scale origin of magnetism to macroscopic magnetic behavior.
· Distinguish and classify different types of magnetism and magnetic materials, and evaluate their key properties in relation to composition, structure, and operating conditions.
· Analyze the role of fundamental magnetic interactions and interaction energies in determining magnetic ordering, anisotropy, and dynamic behavior in magnetic materials.
· Use basic atomistic and micromagnetic modeling approaches to simulate magnetic configurations and processes, and critically interpret the results of such simulations.
· Assess magnetic properties in the nanoscopic regime, accounting for size, surface, and interface effects, and relate these properties to potential technological implications.
· Select and interpret appropriate micromagnetic imaging and magnetic characterization techniques to investigate magnetic structures and phenomena at different length scales.
· Translate theoretical knowledge of magnetic materials into informed assessments of their suitability for specific technological and industrial applications.

	Responsibility
and autonomy:
	· The student has the ability to work independently and take responsibility for the correct selection and application of theoretical models and simulation approaches (atomistic or micromagnetic) when analyzing magnetic phenomena, acknowledging their assumptions and limitations.
· Exercise autonomous judgment in choosing appropriate magnetic characterization and micromagnetic imaging methods for specific materials and length scales.
· Manage assigned tasks independently within laboratory or project-based activities involving magnetic materials, including planning, execution, and documentation.
· Demonstrate awareness of the technological, environmental, and societal implications of applications of magnetic materials, and take responsibility for informed and sustainable decision-making.



7. Objectives of the discipline (outcome of the acquired competencies)
	7.1 General objective of the discipline
	· Thorough understanding of both the fundamental principles and practical aspects of magnetic phenomena, including the ability to use appropriate and precise terminology when communicating with professionals from diverse disciplinary backgrounds.

	7.2 Specific objective of the discipline
	· Valorisation of physical fundamentals, of methods and tools for study, production, and applications of magnetic phenomena and magnetic materials.
· Use and development of research and/or industrial equipment to perform research experiments and theoretical modelling: quantum, atomistic and micromagnetic simulations.



8. Content
	8.1 Course
	Teaching methods
	Remarks

	1. Magnetism of electron. Orbital moment. Spin moment. Spin-orbit interaction. The many electron atoms. Hund rules. Magnetism of electrons in solids. Localized and delocalized electrons. Magnetization. Susceptibility, Permeability.
	Lecture combined with debates. 

The video projector and the blackboard will be used. 

For online teaching specific platforms: MsTeams, Zoom, Skype will be used.
	4h

	2. Main types of magnetic materials. Diamagnetic materials. Paramagnetic materials. Ordered magnetic materials. Ferromagnetic, ferrimagnetic, antiferromagnetic. Compensation temperatures and related effects.
	
	2h

	3. Fundamental interactions in magnetic materials. Exchange interaction. Interatomic exchange. Super-exchange. Asymmetric exchange. Exchange in solids. Direct exchange. s-d model. RKKY interaction. Double exchange.
	
	2h

	4. Anisotropy energy. Energetics of a ferromagnet.  Free energy contributions in magnetic systems. Characteristic magnetic lengths. Domain wall structures. Chiral magnetic structures.
	
	2h

	5. Modelling of magnetic properties at various scales. Quantum models: Stoner, Stoner-Rashba. Spin precession and NMR (ESR).
	
	2h

	6. Exact diagonalization technique and application to 1D Ising chains and 2D Heisenberg lattices. Atomistic models.
	
	2h

	7. The dynamic Landau-Lifshitz-Gilbert equations. Numerical micromagnetics.
	
	2h

	8. Basics of Micromagnetic Modelling. The macrospin Stoner–Wohlfarth Model The static Brown equations 
	
	2h

	9. Fine particles and nanostructured materials (I). Single domain limit. Incoherent Magnetization Reversal: the Curling Mode. Switching field in particles. Super-paramagnetism and the Blocking Temperature. The Blocking Temperature: Zero-Field-Cooled (ZFC) and Field-Cooled (FC) Measurements
	
	2h

	10. Fine particles and nanostructured materials (II). Coercivity of Fine Particles as a Function of Size. Inter-particle interactions. Applications in spintronics, quantum and neuromorphic computing.
	
	2h

	11. Micromagnetic imaging and magnetic characterization techniques.
	
	2h

	12. Applications magnetic materials: Hard and soft magnets, sensors data storage and manipulation, magnetic materials in medicine and biology.
	
	4h

	Bibliography
1. Magnetism and Magnetic Materials, J. M. D. Coey, Trinity College Dublin. Publisher: Cambridge University Press; Online publication date: June 2012; Print publication year: 2010; Online ISBN 9780511845000, https://doi.org/10.1017/CBO9780511845000
2. Fundamentals and Applications of Magnetic Materials, Kannan M. Krishnan, Oxford University Press, Print ISBN-13: 9780199570447, DOI:10.1093/acprof:oso/9780199570447.001.0001
3. Fundamentals of Magnetism, Mathias Getzlaff, ISBN 978-3-540-31150-8 Springer Berlin Heidelberg New York, Springer, Berlin, ISBN: 978-3-540-31152-2.
4. The Physical Principles of Magnetism, Allan H. Morrish, John Wiley & Sons, 2001 The Institute of Electrical and Electronics Engineers, Inc., ISBN: 978-0-780-36029-7.
5. Introduction to magnetic materials, B.D. Cullity, C.D. Graham, John Wiley & Sons, 2009 by the Institute of Electrical and Electronics Engineers, Inc., ISBN 978-0-471-47741-9.
6. Permanent Magnetism, R Skomski, J.M.D Coey, 1999 by CRC Press, ISBN 9780750304788.
7. Magnetic Domains, The Analysis of Magnetic Microstructures, Alex Hubert Rudolf Schäfer, Springer Berlin Heidelberg New York 2009, ISBN 978-3-540-64108-7.
8. Introduction to Solid State Physics, Charles Kittel, John Wiley & Sons, 2005, ISBN-13: ‎ 978-0471415268.
9. Electricity and Magnetism, E. Purcell, D. J. Morrin, Cambridge University Press, Harvard University, Massachusetts, ISBN 978-1-107-01402-2.

	8.2 Seminar / laboratory
	Teaching methods
	Remarks

	1. Practicals on chosen topics: problems, micromagnetic simulations using Mumax3 simulation code.
	Oral presentations, discussion during the course, individual and group projects on the given assignments. 
Interpretations, analysis, and conclusions on experimental data.
Students’ presentation of given subjects. The attendance to the presentation of colleagues is compulsory.

The video projector and the blackboard (seminar) will be used.

In case of online teaching, specific platforms: MsTeams, Zoom, Skype will be used.
	2h

	2. Atomistic simulation using the VAMPIRE code and home-made Python codes.
	
	2h

	3. Quantum models for magnetism. Analytic vs numeric approaches.
	
	2h

	4. Student project presentation chosen from specific indicated topics.
	
	8h

	Bibliography

1. Andersen J. C., Leaver K. D., Rawlings R. D., Alexander J. M., Materials Sciences, Van Nostrand Reinhold (UK) Co. Ltd, 1986.
2. Ashcroft N. W., Mermin N. D., Solid State Physics, Holt-Saunders International Editions Tokyo, 1981.
3. Burzo E., Magneţi permanenţi, Ed. Academiei Române Bucureşti, vol. I, vol. II (1986). 
4. Du Trémolet de Lacheisserie E. (editor), Magnetisme, Presses Universitaires de Grenoble, 1999. Du Trémolet de Lacheisserie E. (editor), Magnetism, Kluwer Academic Publisher, 2003
5. Morrish A. H., The Physical Principles of Magnetism, John Wiley &Sons, Inc. 
6. Pop V., Chicinas I., Nicolae J., Fizica Materialelor. Metode experimentale, Presa Universitară Clujeană, 2001
7. Sellmyer D., Skomski R., Advanced Magnetic Nanostructures, Springer 2006.
8. Scientific Reviews with chosen topic in the field of Magnetic Phenomena and Magnetic Materials Physics: e.g. Physical Review B, Journal of Magnetism and Magnetic Materials, IEEE Transaction of Magnetics, Jpournal of Applied Physics, Applied Physics Latters, Physical Review Letters, Nature,...



9. Corroborating the content of the discipline with the expectations of the epistemic community, professional associations and representative employers within the field of the program
	· Course content is consistent with what we study in other universities from Romania or abroad being adapted to the peculiarities of research activity at Babes-Bolyai University. 
· To adapt to the requirements of the labour market, the content of these lectures was adjusted to the specific requirements of university education, research institutes and industry.



10. Evaluation
	Activity type
	10.1 Evaluation criteria
	10.2 Evaluation methods
	10.3 Percentage of final grade

	10.4 Course
	Depth knowledge and understanding of concepts, basic theories, and methods in physics of magnetic materials.
Using advance knowledge of material sciences for explanation and interpretation of new concepts, situations, processes, projects etc. associated to physics of magnetic phenomena and magnetic materials.
	Written examination
	





70 %

	10.5 Seminar/laboratory
	Integrated use of conceptual and methodological apparatus to solve theoretical and practical problems.
Nuanced and meaningful use criteria and assessment methods to make valuable judgments and promote constructive decisions.
	Lecture on imposed theme with public presentation.  
	30%

	
	
	The attendance to the presentation of colleagues is compulsory.
	

	10.6 Minimum standard of performance

	· Understanding of basic concepts related to magnetic phenomena, magnetic materials, and technological applications.
· Make correlations between Solid State Physics, Electronic Structure and Magnetism at microscopic and macroscopic scale.
· Getting more than 50% of the total final mark.




11. Labels ODD (Sustainable Development Goals)[footnoteRef:2] [2:  Keep only the labels that, according to the Procedure for applying ODD labels in the academic process, suit the discipline and delete the others, including the general one for Sustainable Development – if not applicable. If no label describes the discipline, delete them all and write „Not applicable.”.] 
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	Date:
6.01.2026
	Signature of course coordinator
	Signature of seminar coordinator
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