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[Overview and purpose of the course]

[An Important Note]
In the following, descriptions and explanations in Japanese apply only to Japanese students and other regular
Kyoto University students. Exchange students can safely ignore the Japanese text.

Please see the following pages for my one-paragraph resume as well as qualifications to teach this course.
URL.: http://aoitani.net http://aoitani.net/blog/modern-physics/

Also, YouTube videos with additional information, including my self-introduction, can be found at
https.//www.youtube.com/user/aoitani/.

[Another Important Note]

My lecture notes, available at http://aoitani.net/Modern_Physics.pdf, contain far more materials than what we
actually cover in the class. Many topics are too advanced for the typical audience. However, my notes are
supposed to be a compl ete, self-contained reference. Questions on the take-home final examination will be
much simpler as you can see at http://aoitani.net/Final_Examination_2013.padf.
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YouTube
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Course Objective

The purpose of this course isto introduce engineering and science students to the foundations, principles, and
applications of quantum mechanics. This course is based on the two classes | took from Edward Witten at
Princeton University in the early eighties and the approach advocated by Ramamurti Shanker of Yale
University. Together, the exposition will enable a smooth transition to quantum field theory.

In this elementary course, we will only deal with physical systems with exact analytic solutionsin order to
facilitate students' clear understanding of the basic concepts.

In order to get an idea as to what it looks like, please check the thorough book-length lecture notes available

at http://aoitani.net/Modern_Physics 2015.pdf. | am in the process of making thisinto a book, but this
working version is free!

80 Edward Witten Ramamuirti
Shanker

http://aoitani.net/Modern_Physics.pdf

[Course objectives]

After this course, students will have a solid understanding of classical quantum mechanics, including
mathematical details.

[Course schedule and contents)]

Overview

We will study the main concepts of quantum mechanics developed since around the turn of the 20th century.
The overall learning objective is to acquire the contextualized knowledge and analytic skills necessary to
construct an understanding of phenomena in the domain of quantum mechanics. To this end, we will cover
the following topics.

Topics Covered

0. Mathematical Preliminaries

Inner Product Space, Dirac’ s Bra-and-Ket Notation, Linear Operators, Commutator, Hermitian, Anti-
Hermitian, and Unitary Operators, Eigen Va ue Problems, Propagator, Functions and Derivatives of
Operators, Infinite Dimensions

1. Crisesin Classical Physics: High Speed; Microscopic Phenomena

2. Planck and Blackbody Radiation
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3. Einstein and Photoel ectric Effect
4. Compton and Rutherford Scattering
5. Bohr Model

6. DeBroglie€’ sMatter Waves

7. Birth of Quantum Mechanics

8. Schroedinger Equation

9. Square Well Potential

10. Scattering in One dimension
11. Simple Harmonic Oscillator

12. Electron Spin

13. Spectroscopy

14. Other Applications

Propagator

CWCoNoO~WNE

[Course requirements]

Prerequisite

Mastery of high school physics and mathematics at the level necessary to pass Kyoto University's entrance
examination is required. This means mathematics through cal culus and non-cal culus-based high school
physics.

[Evaluation methods and policy]

There will be atake-home final examination.

Take-home Take-home examination
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[Textbooks]

Not used
No required text. Thorough book-length lecture notes are downloadable from
http://aoitani.net/Modern_Physics.pdf.

URL

[References, etc.]

References, etc.
Robert Martin Eisberg and Robert Resnick  Quantum Physics of Atoms, Molecules, Solids, Nuclei, and
John Wiley & Sons 1SBN:047187373X

Related URL
http://acitani.net/
[Study outside of class (preparation and review)]

Y ou should read, or at least skim through, the lecture notes before the class for a brief preview in order to
spot the parts difficult for you.

After the lecture, you should read the lecture notes again and closely for a thorough review.

Then, solve the homweork problems and check against my solutions.

[Other information (office hours, etc.)]

Please check the following sites to learn more about my journey so far as well as my qualifications to teach
this class. URL: http://aoitani.net http://aoitani.net/blog/modern-physics/

Also note that my office hours are by appointment only. Alternatively, you can catch me right after the class.

URL: http://acitani.net http://aoitani.
net/blog/modern-physics/




