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Program Overview

Quantum mechanics serves as the theoretical foundation for comprehending the behavior of individual particles, forming the
bedrock of condensed matter physics. From the macroscopic to the microscopic physical properties of the world around us,
condensed matter research impacts daily life.

Condensed matter physics, a field dedicated to solid and liquid matter, is a fast-moving and outward-looking technologically
important phenomena. Unveiling the quantum behaviors of electrons and particles is very important for explaining the different things
materials can do, including superconductivity, quantum magnetism, optics and photonics, and the electronic structure of materials.

Condensed matter physics is fundamental and crucial in various fields as it:

- Helps make tiny materials for electronics, medicine, and energy.

- Makes electronic parts like transistors and circuits work better.

- Works on new materials for super-fast quantum computers and secure communication.

- Helps understand superconductors used in MRI machines.

- Designs devices like lasers and photodetectors for better communication.

Key players in these areas include companies like Intel, Samsung, TSMC, 3M, Boeing, IBM, Google, Siemens, and Philips.
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Tutorials

During the course, students will participate in problem-solving exercises that involve applying fundamental concepts
in quantum mechanics, such as the uncertainty principle, commutator algebra, and expectation values. Additionally,
they will gain hands-on experience with coding in Python, where they will use software development to numerically

implement and demonstrate key quantum mechanics concepts, including the time evolution of quantum states.

Syllabus

1. The postulates of quantum mechanics 7. Nanoparticle shape

2. Classical and Semi-classical models for electrons in solids 8. Angular momentum

3. The quantum harmonic oscillator 9. Semiconductors and semiconductor devices
4. Electron microscopy 10. Electronic instabilities

5. Mass Spectrometry & Electronic Spectroscopy 11. Fermi Liquids

6. Experimental probes of band structure 12. The hydrogen atom

13. Mathematical formalism of quantum mechanics
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Dr. John Biggins

University Associate Professor. He currently holds an associate professorship in the Cambridge Engineering Department, where he
runs the Soft Mechanics group and a UKRI "Future Leaders Fellowship." He also has a longstanding affiliation with Cambridge's
Theory of Condensed Matter Physics Group, where he was a Ph.D. student, research fellow, and early career lecturer.His research is
all rooted in theory, particularly continuum mechanics, geometry, and condensed matter physics. He also finds that good theory must
be done in close dialogue with experiments. Accordingly, he collaborates widely with leading experimentalists, and his group is now

building their own experimental capacity.

Prof. David A. Cardwell, FREng

He is the Pro-Vice-Chancellor for Strategy and Planning. He is Professor of Superconducting Engineering and was previously Head of
the Department of Engineering. He was elected to a Fellowship of the Royal Academy of Engineering in 2012 in recognition of his
contribution to the development of superconducting materials for engineering applications.

Professor Emilie Ringe

She is a professor of Synthetic and Natural Nanomaterials in the Department of Materials Science & Metallurgy. Her research uses
correlative, multi-scale approaches, based mainly on electron and light microscopy, to understand how nano- and atomic-scale
features affect the bulk optical and electronic properties of crystals.
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