
MATSCENG 6295: Superconducting Materials and Properties 

 

Credit hours:      2 Credit hours  

Contact hours: Two one-hour (48 min) lectures per week 

Course Type: Graduate Elective 

Prerequisites:  Graduate standing in engineering or mathematical and physical 

science. 

Room/Time:  Spring 2016, Mondays from 10:20-12:25 in KL 205. 

Instructor: Professor M.D. Sumption, Materials Science and Engineering. 

Description:  This course serves as an introduction to superconducting materials 

and phenomena. It will focus on the description of various materials 

and their properties in terms of basic superconducting phenomena, 

and the influence of materials-based properties on these phenomena. 

This will include the influence of grain boundaries, defects, and 

inclusions on flux pinning, as well as the influence of chemical 

stoichiometry and doping on materials specific Tc, Bc2, and anisotropy. 

The distinction between intrinsic and extrinsic properties of 

superconductors and their connection to chemical, electronic, and 

magnetic phase diagrams will be examined. The first part of the 

course will examine superconducting phenomena generally, while the 

latter portion will apply these concepts to specific materials, 

including YBCO, Bi-compounds, MgB2, oxypnictides, low Tc 

superconductors, and emerging materials. Materials fabrication and 

Processing will also be covered.  

Goals: 1. To understand and be able to perform calculations using critical 

state models 

2. To gain familiarity with London Equations, Meissner effect, Type I 

and Type II superconductivity, fluxons, and, from a 

phenomenological point of view the energy gap, cooper pairs, 

coherence length, and the specific heat jump.  

3. To have familiarity with Ginzburg-Landau equations and the 

fluxon lattice.  

4. To develop a working knowledge of materials aspects of NbTi, 

Nb3Sn, Bi-2212, Bi-2223, MgB2, YBCO, and selected new materials. 

This includes crystal structure, the phase diagram, processing, and 

defect structures.  

5. To develop a working knowledge of flux pinning 

6. To gain familiarity with processing-properties and structure 

properties aspects of practical superconducting materials, including 

the effects of anisotropy, grain boundaries, and processing route on 

structure and properties.  

 

 



Textbook/Materials: For Superconducting Materials; Handbook of Superconducting 

Materials, Vol I; Superconductivity, Materials, and Processes, Edited 

by D.A. Cardwell and D.S. Ginley, IOP Publishing 2003, 

supplemented by notes. For superconducting phenomena: 

Introduction to Superconductivity, 2nd edition, M. Tinkham, 

McGraw-Hill, New York (1996).  

 

Grading: 6 problems sets 25%, 2 midterms 40%, 1 Final 35% 

 

Topics List 

 

1. Basic phenomena: Zero resistivity, Meissner effect, critical fields, temperatures, currents.  

2. London Equations, Magnetization, Type I, Type II, energy gap, penetration depth, 

coherence length, specific heat 

3. M-H properties of Type II superconductors, Description of the current carrying state, 

magnetic penetration states, and fluxons in terms of the GL equations and the fluxon 

lattice  

4. Vortex line energy, vortex line interactions, high and low fields. Flux pinning, flux creep, 

and flux flow. The critical state model. Flux jumps. Description of pinning differences in 

grain boundary dominated materials vs inclusion-defect dominated pinning structures. 

Pinning strength estimations is specific materials. 

5. Grains, grain sizes, colonies and structures in YBCO, BSSCO, MgB2, oxipnictides, and 

low Tc superconductors. Microstructures of wires, films, and bulk samples of 

superconductors of interest. Coated conductor architecture and fabrication processes. 

6. Fabrication processes of metal vs oxide Superconductors. Texture in YBCO and BSSCO 

conductors. Chemical homogeneity and crystalline anisotropy.  

7. Various types of flux pinning including grain boundary, point, volume pinning, kappa 

pinning. High Tc superconductors, flux lattice melting, irreversibility fields, and the new 

fluxon phase diagram. Collective pinning, flux creep and flux flow in high Tc 

superconductors. Influence of defects and layered structures. Applications of these 

concepts to present-day coated conductors, Bi-based materials, MgB2, and oxipnictides.  

8. Anisotropy in superconductors and its consequences. 2D and 3-D superconductors. The 

fluxon phase diagram revisited. The description of various superconductors of interest 

from this perspective including YBCO, BSSCO, MgB2, oxipnictides, and low Tc 

superconductors using existing models.  

9. Electronic Phase Diagrams for YBCO and the Oxipnictides, and Multi-gap 

superconductors. The competition between magnetic and superconductive ordering, the 

role of doping, and electronic phase diagrams in materials of interest. Multi-band 

superconductors, with MgB2 taken as an example.  

 

Academic Integrity, Academic Misconduct: Academic misconduct may be found in any 

action that tends to distort the accurate assessment of any student’s individual 

accomplishments that are evaluated for the purpose of grading or conferring academic credit. 

Note that a student may be guilty of academic misconduct, for example, by cheating, 



collaborating, plagiarizing, or by allowing another student to cheat, collaborate, or plagiarize. 

Note also that the distortion applies, for example, to exams, homework assignments, and 

laboratory work. To the extent that any class activity (for example: attendance or 

participation) is used for evaluation for the purpose of grading or conferring academic credit, 

falsifying or distorting such activity, or permitting another student to falsify or distort such 

activity, represents academic misconduct. Additional guidance about what represents 

academic integrity and misconduct, and related university-wide policies and procedures 

are available at the following locations: http://oaa.osu.edu/coam/faq.html,  

http://oaa.osu.edu/coam/ten-suggestions.html 

 

Disabilities Statement: Any student who feels s/he may need an accommodation based on 

the impact of a disability should contact the Office for Disability Services at 614-292-3307 in 

room 150 Pomerene Hall to coordinate reasonable accommodations for students with 

documented disabilities. (URL: http://www.ods.ohio-state.edu/)Advice on such matters is also 

available from the MSE department’s undergraduate adviser (1xx-6xx courses) and graduate 

coordinator (7xx-9xx courses) whose offices may be found in room 477 Watts Hall. Megan 

Daniels, Undergraduate Advisor, (614) 292-3145, e-mail Megan concerning the MSE 

undergrad studies Mark Cooper, Graduate Studies Coordinator, (614) 292-7280, e-mail Mark 

concerning the MSE graduate studies 

 

Prepared by:       M.D. Sumption, April 1, 2015 

 

http://oaa.osu.edu/coam/faq.html

