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Overview
The course on Materials Physics provides a comprehensive overview of the physical properties inherent in solid-state materials, including their thermal and electrical characteristics. These properties are not just academic abstractions, but play a significant role in everyday life, influencing technologies like LED lights.
The course begins by delving into the structure and characterization of solid-state materials. It seeks to impart a clear understanding of why atoms form these materials and how to describe the interatomic bonds that hold them together.
Basic properties are elucidated using the harmonic oscillator model, which simulates atom vibrations, and the effects of the periodic potential. The course then explores the electrical properties of a variety of materials, with a special emphasis on semiconductors.
In addition, the phenomena of magnetism and superconductivity are addressed, along with their origins. The aim is to develop a deep understanding of these unique properties, offering students a solid foundation in the physics of materials.
Learning outcomes
After this course the student is supposed to know and understand the following:
• How atoms and molecules form solid state materials.
• How one can have simple description these structures.
• How one can inspect the properties of the solid-state materials using X-ray diffraction.
• How atoms, molecules and electrons move inside the solid-state material.
• How particle movement affects to the material properties like the heat capacity.
• The microscopic origins of various physical properties like magnetism, conductivity, superconductivity.
• What kind of energy states the electrons have inside the solid-state materials.
• How the energy states of the particles affect to the conductivity of the material.
• How the electrical properties of the material is depending on the electron energy band structure.
• How one can control conductivity in semiconductors.
• How do LEDs and semiconductor lasers work.
• What is the origin of different forms of the magnetism.
• What is the origin of the superconductivity.
• How the superconductivity and the magnetism are related.
Content
- Introduction
- Crystal structures
- Diffraction in the research of the crystals
- Bonds between the atoms
- Vibrations in the crystal lattice
- The heat capacity of the crystals
- Electrons in metals
- Energy bands
- Semiconductor materials
- Semiconductor devices
- Magnetism
- Superconductivity
Teaching methods
Supervised learning that includes:
- Guided self-learning of the lecture material
- Quizzes for each lecture
- Online session for each lecture
- Homework
- Exam
OR
Self-learning of the material and the final exam.
Study materials	
- Online material provided by the teacher.
Assumed Knowledge
he students are assumed to know the following when coming into the course:
- Basics of mechanics like energy, potential, and momentum.
- Basics of waves like diffraction and interference.
- Basics of thermodynamics like the heat capacity.
- Quantum mechanics basics like quantization of energy and electron energy states in atom. Also understanding the particle-in-a-box system is helpful.
- Basics of electromagnetism.
- Basic calculation with complex numbers and complex functions.
- Basics of differential and integral calculation.
- Vectors and calculations with those.
Evaluation criteria
Continuous evaluation in which the grade (0-5) is formed as:
- Quizzes for each lecture: 30%
- Homework: 30%
- Final exam: 30%
- Other activity: 10%
OR
A single exam in the Exam system.
