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REQUIREMENTS (SUBJECTS THAT ARE ASSUMED TO BE KNOWN)

Quantum physics
Advanced quantum physics

OBJECTIVES

This course offers students an overview on quantum materials with special focus on theoretical methods needed to
describe typical phenomena. The syllabus will treat topics and concepts of transversal nature that are useful for related
courses such as "Emergent Phenomena in Quantum Matter" and "Solid-state implementations of quantum
technologies".

DESCRIPTION OF CONTENTS: PROGRAMME

1. Introduction to Quantum Materials
- Introduction
- Overview on experimental techniques

2. Introduction to Theoretical Solid-State Physics
- Bloch-Theorem and band theory
- Covalent bonding and tight-binding approximation
- Second quantization and interactions

3. Magnetism in quantum materials
- Basic concepts and introduction
- Magnetic moments in solids
- Diamagnetism and Paramagnetism
- Magnetic interaction
- Ferro and antiferromagnetism
- Spin systems and basic spintronic effects/devices

4. Superconductivity
- Basic concepts and phenomenology
- Introduction to Fermi liquid theory
- Meissner effect, penetration depth, coherence length
- Thermodynamics
- Basics of BCS theory
- High temperature and unconventional superconductors

5. Typical quantum materials
- Complex oxides
- Iron-based superconductivity
- Multiferroics
- Organic and molecular systems
- Two-dimensional materials

LEARNING ACTIVITIES AND METHODOLOGY

3 credits ECTS
14 classes (each 2x50min)
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ASSESSMENT SYSTEM

60 % Final Exam (90min on Magnetism, Superconductivity, Quantum Materials)
40 % Partial Exam (60min on Introduction to Theoretical Solid State)

% end-of-term-examination: 60

% of continuous assessment (assigments, laboratory, practicals…): 40
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