Quantum Mechanics for Materials Scientists
MTSE 3110
Spring 2026

Instructor:	Dr. Samir Aouadi
Time:		MWF - 12:30 PM – 1:20 PM
Room:		DP – B157
Office:		DP - E106
Phone:		(940) 565-4759
Email:		samir.aouadi@unt.edu
Office hours:	MW – 9:30 – 11:00 PM or by appointment

Course Textbook:
Suggested textbook
Quantum Mechanics for Scientists and Engineers (First Edition), by David A.B. Miller (Cambridge University Press 2008)
Quantum Mechanics – Concepts and Applications ((Second Edition), by N. Zettili (Wiley 2009)
Applied Quantum Mechanics (Second Edition), by A.F.J. Levi (Cambridge Press 2006)
Additional textbooks
Introduction to Solid State Physics (Eighth Edition), by Charles Kittel (Wiley 2005)
Quantum Mechanics for Engineering, Materials Science, and Applied Physics (First Edition), by Herbert Kroemer (Prentice-Hall 1994)
Principles of Electronic Materials and Devices (Second Edition), by S.O. Kasap (McGraw Hill 2002)

Course Description:
This course provides a foundational introduction to quantum mechanics tailored for materials scientists and engineers, with a strong emphasis on how quantum mechanics underpins modern materials research, electronic structure, and computational methods such as Density Functional Theory (DFT). The course is structured in two phases. In the first phase, students are exposed to real research practices—including scientific publishing, literature evaluation, and computational materials concepts—through project-based and discussion-driven activities. In the second phase, the formal mathematical framework of quantum mechanics is developed and applied to materials-related problems.

Course Objectives:
By the end of this course, students will be able to:
· Apply fundamental principles of quantum mechanics to atomic, molecular, and solid-state systems.
· Understand the postulates of quantum mechanics and their physical meaning.
· Explain the quantum-mechanical origin of bonding and electronic structure in materials.
· Develop familiarity with approximation methods such as time-independent perturbation theory.
· Gain introductory exposure to scattering theory and electrons in periodic potentials.
· Critically read, evaluate, and write scientific papers related to materials science.
· Understand the role of Density Functional Theory and thermodynamics (CALPHAD) in modern materials research.

Course Objectives:
The course is divided into two phases:
Phase I – Research, Publishing, and Computational Materials Science (Weeks 1–7):
Focuses on scientific writing, peer-reviewed literature, Density Functional Theory concepts, and project development. This phase emphasizes how quantum mechanics is used in practice.
Phase II – Quantum Mechanics Foundations and Applications (Weeks 8–15):
Focuses on the formal development of quantum mechanics, including mathematical tools, postulates, model systems, and applications to materials science.

This structure supports students’ understanding by first motivating quantum mechanics through real-world applications before introducing the formal theory.

Requirements:
· You are expected to turn in all assignments and take all exams on time.  Exceptions will only be made for excused circumstances
· During the second part of the semester, students will be expected to propose a topic for an independent research paper. In addition to writing a paper, students will make a 10 to 15 min presentation on the selected topic.
· You are expected to turn in your original work on all assignments and examinations.  Copying or cheating will not be tolerated.  Those caught cheating or copying will receive no points for the particular exercise on the first incidence.  On the second incidence, the student will be asked to leave the class.

Course Grades:
	Homework		30%
	Research Project	25%
	Exam			20%
	Presentations		25%

Course Schedule:
Phase I – Research & Project-Based Learning (Weeks 1–7)
Week 1
· Course overview
· Guest-style lecture: How Scientific Papers Get Published (editorial perspective)
Weeks 2–3
· Science communication and big-picture quantum ideas
· Documentary-based assignment (e.g., NOVA)
Weeks 3–4
· Reading and critical review of DFT-related journal articles
· Introduction to editor/reviewer decision-making
Weeks 4–5
· Student-selected DFT paper presentations (3–5 minutes)
Weeks 6–7
· Group project formation
· Project topic selection (e.g., elemental metals, simple alloys)
· Introduction to DFT results interpretation (cohesive energy, lattice parameter, defects)

Phase II – Quantum Mechanics Foundations (Weeks 8–15)
Origins of Quantum Mechanics
· Blackbody radiation, photoelectric effect
Mathematical Tools of Quantum Mechanics
· Operators, eigenvalues, expectation values
Postulates of Quantum Mechanics
· Wavefunctions, measurement, operators
One-Dimensional Problems
· Particle in a box, tunneling
Angular Momentum
· Operators, quantum numbers
Three-Dimensional Problems
· Hydrogen atom
Time Dependence
· Time-dependent Schrödinger equation
Electrons in Periodic Crystal Potentials
· Bloch theorem, band structure concepts
Crystal Binding and Elastic Constants
· Quantum origin of bonding
Thermal Properties & Free Electron Gas
· Fermi energy, density of states
Density Functional Theory (Conceptual)
· Hohenberg–Kohn theorems
· Kohn–Sham equations
· Strengths and limitations of DFT
Thermodynamics & CALPHAD (1–2 lectures)
· Phase diagrams (Cu–Ni example)
