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guantum mechanics/ particles and wave/ quantum phenomena/ quantum computing
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This course invites first-year students to explore the fascinating ideas of quantum physics without relying on
advanced mathematics.

We will begin with a discussion of the crucial experiments from about 100 years ago that completely changed
physicists understanding of small particles and atoms. From these discoveries, we will gain insight into the
differences between the macroscopic and microscopic worlds, as well as the fundamental principles of
modern quantum theory.

In the second half of the course, we will explore various quantum phenomena and their applications,
including quantum teleportation, quantum computing, entanglement, magnetism, and superconductivity, to
understand how guantum mechanics connects to real technologies and nature itself.

In principle, the course will be conducted in English. However, if there are parts that are difficult to
understand in English, explanations will aso be provided in Japanese when necessary.
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- Catching a glimpse of the bizarre behavior of the quantum world.

- Seeing the differences between the macroscopic and microscopic worlds

- Becoming familiar with the basic concepts of quantum physics

- Revealing the mysteries behind guantum computing, quantum tel eportation, and quantum phenomena such
as magnetism, superconductivity, and entanglement.
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The course will be adapted to the level and interests of the students.
Therefore, the number of weeks devoted to each topic may vary.

Part 1: Introduction to experiments on atoms and quantum particles (Weeks 1-6)

Experiments that changed physicists  understanding of nature about 100 years ago
- Light as both wave and particle

- Electrons as waves

- The double-dlit experiment with electrons

- Development of modern quantum mechanics

- Heisenberg’ suncertainty principle

- Why quantum mechanicsis strange

Part 2: Applications of quantum phenomena (Weeks 7-10)
- Quantum tunneling

- Quantum teleportation

- Quantum computing

Part 3: Quantum phenomena in atoms, molecules, and larger systems (Weeks 11-14)
- Atoms

- "Moreisdifferent”, the idea of many-body physics

- Molecules

- Superconductivity

- Magnetism

Total: 14 classes + 1 feedback session
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Attendance and participation (50%), assignment (50%)

50 ) (50%)
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The students should read texts about quantum phenomena. The textsthat | will hand out will help to
understand the contents of the class and provide the background for discussions during the lecture.
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Office hours; After the course




