
Magnetic Materials: ( MATSCENG 6778) 
 
Credit hours: 2 
Contact hours: One two-hour lecture per week for 14 weeks. 
Course type: Graduate Elective 
 
Prerequisites: Graduate standing in engineering or mathematical and physical science, with a working 
knowledge of solid state physics, basic quantum mechanics, and basic magnetostatics. 
 
Instructor: Roberto C. Myers, Materials Science and Engineering / Electrical and Computer Engineering / 
Physics, Office: 476 Watts Hall, Phone: 614-547-9771, Email: myers.1079@osu.edu 
 
Description: This course teaches the basic properties of magnetic materials in a wide class of materials 
including metals, insulators, semiconductors. The structure, composition, processing, and properties 
relationships for magnetic materials will be reviewed with a special focus on the atomic origins of 
magnetism and the ability to engineer these mechanisms through alloying or doping, or layered structures. 
The course will cover theoretical understanding of types of magnetism (dia, para, ferro, anti, ferri), 
anisotropy, domain structure, and domain wall dynamics. Additionally, the functional properties of 
magnetic materials will be covered including the effect of magnetic properties on the electronic band 
structure, magnon (spin-wave) transport, and spin caloritronics. The course focuses heavily on training 
students to critically read current scientific literature, discuss it with colleagues, communicate those results 
in a conference-style, and critically analyze a sub-field of research. 
 
Textbook/Materials:  
Magnetism and Magnetic Materials, J M D Coey (Author), (free e-book from library) 
Magnetic Materials, Nicola Spaldin (Author) 
------------------------------- 
 
Class hours/Location: Monday and Wednesday: 10:20am-11:15am / Hitchcock Hall 030 

 
Grading: The student grade will be determined by 3 components. (25% - in-class presentation) / (25% - 
in-class open-forum participation) / (50% - final written report).  
 
Student Activities: 
1) Students will select a recent (last 1 to 6 months) journal article from a high impact journal (impact 

factor of 10 or more) on the topic of magnetic materials and their functional behavior. They will give an 
in-class presentation to describe the paper to the class (25% of grade).  

2) Students will participate in the questions and answers period of the lecture (~40 minutes per week) 
which will be open-forum. Students will ask substantive questions concerning critical analysis of the 
research project (journal article) being discussed. Students will engage in online discussions through 
carmen. (25% of grade).  

3) Students will write a critical review of a sub-field of research work within the larger field of magnetic 
materials / functional properties therein. It should critically review a body of work (for example, about 
10 journal articles) demonstrating the student’s understanding of the materials synthesis, device 
fabrication, measurement techniques, basic theoretical understanding of the topic, as well as a proper 



motivation for why this topic is being studied. The final report will be submitted at the conclusion of the 
course (50% of grade).  

 
Course Goals / Learning Objectives: 
1) Develop a technical knowledge of fundamental magnetic properties 
2) Develop a working knowledge of the atomic origins of magnetism 
3) Develop theoretical understanding of types of magnetism 
4) Develop an understanding of the role of domain structure in magnetization 
5) Develop understanding of Anisotropy 
6) Introduce the concept of engineering magnetic properties by composition, structure, and processing 

control. 
7) Introduce how magnetic properties affect other functional properties such as structural, electronic, and 

optical properties. 
8) Develop the ability to critically examine and understand recent scientific literature. 
9) Develop the ability to give oral presentations on scientific literature as well as write review papers on 

scientific sub-fields. 
 
Tentative Topic list: The first half-hour of the lecture will be a traditional lecture (see topic list below). The 
second half of the lecture consists of a student presentation following by an in-depth open-forum Q&A on 
the topic. 
 

1) Fundamental magnetic properties 
a. Magnetization (M), Applied Field (H), Total Magnetic Field (B) and units 
b. Hysteresis 
c. Demagnetizing field and demagnetizing factor (shape anisotropy) 
d. Magnetic energy density and self-energy 

2) Atomic origins of magnetism 
a. Quantum numbers 
b. Magnetic moments 
c. Bohr magneton 
d. Zeeman effect 
e. Spin-orbit coupling 

3) Theories of magnetism 
a. Diamagnetism (Langevin, Van Vleck, and Landau) 
b. Paramagnetism (Langevin, Brillouin, Pauli) 
c. Ferromagnetism (Weiss, Heisenberg, Stoner) 
d. Antiferromagnetism (Weiss, Neel, RKKY) 
e. Ferrimagnetism (Weiss, Neel) 

4) Domain structure 
a. Origin of domains 
b. Role of anisotropy 
c. Domain wall width 
d. Domain wall motion and hysteresis 
e. Domain wall pinning 

5) Anisotropy 
a. Demagnetizing field (shape anisotropy) 



b. Exchange anisotropy 
c. Total magnetic energy 
d. Stoner-Wohlfarth model of hysteresis 
e. Superparamagnetism 

6) Magnons – spin waves 
a. Felix Bloch 
b. Kittel 
c. Ferromagnets 
d. Antiferromagnets 
e. Magnon scattering and transport 

7) Magnetotransport 
a. Anomalous Magneto-resistance 
b. Spin-dependent resistivity in ferromagnets 
c. Conductivity in transition metals (s-d scattering) 
d. Anomalous Hall effect 

8) Spin Caloritronics 
a. Thermoelectric effects and Onsager reciprocity without spin 
b. Thermoelectrics with spin 
c. Spin-current and accumulation 
d. Spin-transfer-torque effect 
e. Spin-dependent thermoelectrics 
f. Spin Seebeck effect 
g. Magnon-electron drag 
h. Magnon-phonon coupling 

 
Academic integrity is essential to maintaining an environment that fosters excellence in teaching, 
research, and other educational and scholarly activities. Thus, The Ohio State University and the 
Committee on Academic Misconduct (COAM) expect that all students have read and understand the 
University’s Code of Student Conduct, and that all students will complete all academic and scholarly 
assignments with fairness and honesty. Students must recognize that failure to follow the rules and 
guidelines established in the University’s Code of Student Conduct and this syllabus may constitute 
“Academic Misconduct.” 

The Ohio State University’s Code of Student Conduct (Section 3335-23-04) defines academic misconduct 
as: “Any activity that tends to compromise the academic integrity of the University, or subvert the 
educational process.” Examples of academic misconduct include (but are not limited to) plagiarism, 
collusion (unauthorized collaboration), copying the work of another student, and possession of 
unauthorized materials during an examination. Ignorance of the University’s Code of Student Conduct is 
never considered an “excuse” for academic misconduct, so I recommend that you review the Code of 
Student Conduct and, specifically, the sections dealing with academic misconduct. 

If I suspect that a student has committed academic misconduct in this course, I am obligated by University 
Rules to report my suspicions to the Committee on Academic Misconduct. If COAM determines that you 
have violated the University’s Code of Student Conduct (i.e., committed academic misconduct), the 
sanctions for the misconduct could include a failing grade in this course and suspension or dismissal from 
the University. 



If you have any questions about the above policy or what constitutes academic misconduct in this course, 
please contact me. 

Other sources of information on academic misconduct (integrity) to which you can refer include: 

• The Committee on Academic Misconduct web pages (COAM Home) 
• Ten Suggestions for Preserving Academic Integrity (Ten Suggestions) 
• Eight Cardinal Rules of Academic Integrity(www.northwestern.edu/uacc/8cards.html) 

 
Disabilities: The University strives to make all learning experiences as accessible as possible. If you 
anticipate or experience academic barriers based on your disability (including mental health, chronic or 
temporary medical conditions), please let me know immediately so that we can privately discuss 
options.  You are also welcome to register with Student Life Disability Services to establish reasonable 
accommodations.  After registration, make arrangements with me as soon as possible to discuss your 
accommodations so that they may be implemented in a timely fashion. SLDS contact 
information: slds@osu.edu; 614-292-3307; slds.osu.edu; 092L Baker Hall, 113 W. 12th Avenue. 

https://oaa.osu.edu/coam.html
https://oaa.osu.edu/coamtensuggestions.html
http://www.northwestern.edu/uacc/8cards.html
mailto:slds@osu.edu
http://slds.osu.edu/
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