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Course Name Advanced Quantum Mechanics

Credits 2 Class Hours 32

Teacher Shouqiang Men Department
Giving the Course Department of Physics

Prerequisite
Courses Quantum Mechanics I，Methods of Mathematical Physics

Teaching Objectives：
Further study how to deal with some problems in quantum mechanics on the basis of

quantum mechanics I, and study some knowledge on relativistic quantum mechanics.
Contents：Approximation methods, Scattering theory, many-body problems, theory of

superconductor and superfluid, relativistic quantum mechanics, and so on.
Requirements: To master basic concepts, basic computation methods, and can solve

physical problems using these methods.

References：

Author
/Editor Name of Textbook Press Publishing Year

J. J. Sakurai
and J.
Napolitano

Modern Quantum
Mechanics (2ndEd.)

Addison Wesley
Publishing Company 2011

F. Schwabl Advanced Quantum
Mechanics(4th Ed.) Springer-Verlag 2008

J. J. Sakurai
Modern Quantum
Mechanics /Solutions
Manual

Addison Wesley
Publishing Company 1985

R. P. Feynman
and A. R.
Hibbs

Quantum Mechanics
and Path Integrals

MacGraw-Hill Book
Company 1965



Teaching Plan：
Lecture 1： 1. WKBApproximation.

1.1 Method, 1.2 The connection formula, 1.3 Application to bound state

Lecture 2： 1.4 Transmission through barrier, 1.5 Mathematical details

Lecture 3： 2. Scattering
2.1 Introduction, 2.2 The scattering of the wave packet, 2.3 Green’s function in the
scattering theory

Lecture 4：2.4 The Born approximation, 2.5 Partial wave and phase shift

Lecture 5：2.6 The equations of motion and transition matrix, 2.7 The integral equations of
the scattering theory, 2.8 The scattering cross section

Lecture 6： 3. Identical particles
3.1 The indistinguishability of identical particles, 3.2 The state vector space for a system
of identical particles

Lecture 7：3.3 Creation and annihilation operators

Lecture 8：3.3 Creation and annihilation operators

Lecture 9：4. Photons and Electromagnetic field
4.1 Fundamental notions, 4.2 Energy, momentum and angular momentum of radiation
fields, 4.3 Interaction with charged particles

Lecture 10：5. Relativistic Electron Theory
5.1 The electron-positron field,

Lecture 11：5.2 The Dirac equation, 5.3 Relativistic invariance,

Lecture 12：5.4 Solutions of free field Dirac equations

Lecture 13：5.5 Change conjugation, time reversal and PCT theorem

Lecture 14：6 One-electron Dirac theory, 6.1 The one particle approximation,

Lecture 15： 6.2 Dynamic variables in the Dirac theory,6.3 The non-relativistic limit,6.4
Central force and the hydrogen atom

Assessment methods：
Assignments，open-book exam。



Chemical Dynamics and Statistical Mechanics

（32 class hours）

Course Description
The quantum systems are inevitably influenced by the surrounding environment,

for instance, chemical reactions which are carried out in solvents, and the folding of
protein molecules in proper environment. Therefore, quantum open systems are very
important in Chemistry, Physics and Biology. Our interest is how the environment
affects the dynamics of quantum open systems. The main content in the course is
about quantum dynamics. We will study what is quantum dynamics and how to
describe quantum dynamics. Because it is multi-body problem, we need to study some
knowledge of statistical mechanics.

Course Content

1. Brief Review of QuantumMechanics
1.1 The Fundamental Postulates of Quantum Mechanics
1.2 Representations
1.2.1 Schrodinger Representation
1.2.2 Heisenberg Representation
1.2.3 Interaction Representation
1.3 Perturbation Theory
1.4 Fermi Golden Rule

2. Density Matrix
2.1 Basic Properties
2.2 Quantum Liouville Equation
2.3 Classical Phase Space
2.4 Quantum Phase Space
2.4.1 Wigner Distribution Functions
2.4.2 Husimi Distribution Functions

3. Correlation Functions
3.1 Time Correlation Function
3.2 Classical Linear Response Theory
3.3 Quantum Linear Response Theory

4. Rate Theory
4.1 Transition State Theory
4.2 Reaction Rate Constant



4.3 Electron transfer

5. Quantum Dissipation
5.1 Quantum Open System
5.1.1 Caldeira-Leggett Model
5.1.2 Spin-Boson Model
5.2 Quantum Decoherence
5.3 Path Integral
5.4 Influence Functional

6. Statistical Mechanics
6.1 Langevin Equation
6.2 Fluctuation-Dissipation Theorem
6.3 Generalizations of Langevin equations
6.4 Brownian motion in a harmonic oscillator heat bath

Reference
1. Non-equlibrium statistical mechanics, Robert Zwanzig, Oxford University Press,
2001.
2. Lecture on Applied Quantum Dynamics Jiushu Shao, Chinese Academy of
Sciences.
3. Lecture on Statistical Mechanics, Mark Tuckerman, New York University.
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 H. Li, J. Shao, A. Azuri, E. Pollak, and R. Alicki, Quantum Markovian Master
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Teaching Syllabus
of Condensed Matter Physics

Course Code 102027 Formulating Time December, 2017

Course Name Condensed Matter Physics

Credits 2 Class Hours 32

Teacher Shouqiang Men Department
Giving the Course Department of Physics

Prerequisite
Courses

Quantum Mechanics，Thermodynamics and statistical Mechanics, and Solid
State Physics

Teaching Objectives：
Further study how to deal with problems in advanced solid state physics on the basis of

quantum mechanics, thermodynamics and statistical mechanics as well as solid state
physics.
Contents：Topics of condensed matter physics, structure orderings and symmetry

breaking, electronic structures, elementary excitations, and fundamentals of transport
theory, etc.

Requirements: To master basic concepts, basic calculation approaches, and can solve
physical problems using these methods.

References：

Author
/Editor Name of Textbook Press Publishing Year

P.W.
Anderson

Basic Notions of
Condensed Matter
Physics

Westview Press 1997

J. Callaway
Quantum Theory of the
Solid State

Academic Press 1974

M. P. Marder
Condensed Matter
Physics (Second
Edition)

A John Wiley & Sons Inc. 2010

N. W.
Ashcroft and
N. D. Mermin

Solid State Physics Harcourt College
Publishers 1976



Teaching Plan：

Chapter 0 Introduction to condensed matter physics

Chapter 1 Introduction

1.1 Preamble, 1.2 Development of condensed matter physics, 1.3 Emergence of
condensed matter physics, 1.4 Topics of condensed matter physics

Chapter 2 Structure Orderings and Symmetry Breaking
2.1 Preamble, 2.2 Structure orderings and symmetry breaking, 2.3 Adiabatic
approximation

Chapter 3 Electronic Structures
3.1 Bloch theorem, 3.2 Plane wave expansions, 3.3 Density of states (DOS), 3.4
Calculations of energy band, 3.5 Hatree-Fock approximation, 3.6 Density functional
theory, 3.7 Time reversal symmetry

Chapter 4 Elementary Excitations

4.1 Prologue, 4.2 Phonon, 4.3 Plasmon and Quasielectron, 4.4 Exciton, 4.5 Polaron, 4.6
Polariton

Chapter 5 Fundamentals of Transport Theory
5.1 Boltzmann equation, 5.2 Impurity scattering and electrical conductivity, 5.3
Thermal Conductivity

Assessment methods：
Assignments，open-book exam.



Introduction to Laser Technology & Devices or Solid-State Laser Engineering
This course, introduced from an industrial vantage point, describes the

characteristics, design, and operation of solid-state lasers. As the title implies, the
emphasis is placed on the technical aspects of these systems rather than on theoretical
concepts. Lengthy mathematical derivations have been avoided because the theory is
not treated as an end in itself, but rather serves to explain the experimental results
observed in the laboratory.

For the book “Solid-State Laser Engineering” as the textbook of this course, is
mainly intended for the practicing scientist or engineer who is interested in the design
or use of solid-state lasers. The response from readers has shown that the
comprehensive treatment of the subject makes the work useful also to students of
laser physics who want to supplement their theoretical knowledge with the
engineering aspects of lasers. Although not written in the form of a college text, the
book might be used in an advanced college course on laser technology.

After a historical overview, the course starts with a review of the basic concepts
of laser physics (Chap. 1). Analytical expressions of the threshold condition, gain, and
output of laser oscillators are derived in Chap. 3. An oscillator followed by one or
more amplifiers is a common architecture in pulsed solid-state laser systems to boost
output energy. Energy storage and gain of amplifiers is discussed in Chap. 4.

Four chapters deal with the basic subsystems of solid-state lasers. These are the
active medium, the optical resonator, the pumping system, and the thermal
management. Properties of solid-state laser hosts and active ions are reviewed in Chap.
2. Beam divergence and line width of an oscillator are strongly dependent on the
spatial and longitudinal mode structure of the resonator. Resonator configurations and
characteristics are presented in Chap. 5. Different pump sources and configurations
for transferring pump radiation to the active material are discussed in Chap. 6.
Thermal gradients set up as a result of heat removal from the active medium have a
profound impact on beam quality and output power limitations. Thermal effects and
cooling techniques are treated in Chap. 7.

Following the demonstration of the first laser over 57 years ago, an extraordinary
number of different types of lasers have been invented using a wide variety of active
media and pump techniques to create an inversion. Laser research and engineering has
developed into many specialized disciplines depending on the laser medium
(solid-state, optical fiber, semiconductor, neutral or ionized gas, liquid) and excitation
mechanism (optical pumping, electric current, gas discharge, chemical reaction,
electron beam).



Introduction to Nonlinear Optics
Nonlinear optics is the study of the interaction of intense laser light with matter. It

is a course on nonlinear optics at the level of a beginning graduate student. The intent
of the course is to provide an introduction to the field of nonlinear optics that stresses
fundamental concepts and that enables the student to go on to perform independent
research in this field. This course could be learned by graduate students in the areas of
nonlinear optics, quantum optics, quantum electronics, laser physics, electro-optics,
and modern optics.

The field of nonlinear optics is now more than fifty years old, if we take its
beginnings to be the observation of second-harmonic generation by Franken and
coworkers in 1961. Interest in this field has grown continuously since its beginnings,
and the field of nonlinear optics now ranges from fundamental studies of the
interaction of light with matter to applications such as laser frequency conversion and
optical switching. In fact, the field of nonlinear optics has grown so enormously that it
is not possible for one book to cover all of the topics of current interest. The strategy
in deciding what topics to include has been to stress the fundamental aspects of
nonlinear optics, and to include applications and experimental results only as
necessary to illustrate these fundamental issues.

The course is organized by two parts: Part 1 presents an introduction to the field
of nonlinear optics from the perspective of the nonlinear susceptibility with the classic
theory. The nonlinear susceptibility is a quantity that is used to determine the
nonlinear polarization of a material medium in terms of the strength of an applied
optical-frequency electric field. It thus provides a framework for describing nonlinear
optical phenomena. Part 2 continues the description of nonlinear optics by describing
the propagation of light waves through nonlinear optical media by means of the
optical wave equation. This chapter introduces the important concept of phase
matching and presents detailed descriptions of the important nonlinear optical
phenomena of second-harmonic generation and sum- and difference-frequency
generation.



Course Name: Physics of Magnetism and Magnetic Materials

Periods: 32

Assessment: Examination

Teacher: Dr. Yaping Zhang

Preparatory Courses:《Solid Physics》,《Quantum Mechanics》

Introduction：

Magnetic materials are indispensable in modern technology. In this course, we are

going to talk about the origin of atomic moments. Following with the paramagnetism

of free ions, the magnetically ordered state which include ferromagnetism,

antiferromagnetism and ferrimagnetism, and diamagnetism. The exchange interaction

mechanisms of ions are discussed. The widely used magnetism measurement

techniques, such as Vibrating-Sample Magnetometer(VSM), the SQUID

magnetometer are discussed. The anisotropies of the magnetism are also learned.

After study of this course, students should be able to get the basics knowledges of

magnetism, and able to read relevant papers in these fields. This course will help the

student more suitable to work in their near future in research in magnetism physics.

References:

《Physics of Magnetism and Magnetic Materials》 K. H. J. Buschow and F. R. de

Boer

Kluwer Academic Publishers
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Introduction to Quantum Field Theory
(48 School Hours)

Introduction
The course is mainly focus on the quantum theory of electromagnetism, which offers
the first example of a quantum field theory with direct experimental applications. The
main purpose for this course is to develop the basic calculational method of quantum
field theory and the formalism of Feynman diagrams. Thus the course begins with the
study of fields with linear equations of motion due to the fields without interactions.
Here we will explore the combined implications of quantum mechanics and special
relativity, and learn how particles arise as the quantized excitations of fields. We then
introduce interactions among these particles and develop a systematic method of
accounting for their effects. After this introduction, we carry out explicit
computations in the quantum theory of electromagnetism. These illustrate both the
special features of the behavior of electrons and photons, and some general aspects of
the behavior of interacting quantum fields.

Outline

Chapter 1: The Klein-Gordon Field
Quantum field theory is the application of quantum mechanics to dynamical systems
of fields. The basic course in quantum mechanics is concerned mainly with the
quantization of dynamical systems of particles. Thus, in this chapter, we begin our
discussion of quantum field theory with a rather formal treatment of the Klein-Gordon
field which is the simplest type of field. Then, we quantized the Klein-Cordon field in
the Schrodinger picture, and interpreted the resulting theory in terms of relativistic
particles.

1.1 The Necessity of the Field Viewpoint
1.2 Elements of Classical Field Theory
1.3 The Klein-Gordon Field as Harmonic Oscillators
1.4 The Klein-Gordon Field in Space-Time

Chapter 2: The Dirac Field
In chaper 2, we move on to the second simplest field, i.e. the Dirac field. We begin
our discussion of this chaper with the Dirac equation as a singleparticle quantum-
mechanical wave equation. In this chapter our viewpoint will be quite different. First
we will rederive the Dirac equation as a classical relativistic field equation, with
special emphasis on its relativistic invariance. Then, we will quantize the Dirac field
in a manner similar to that used for the Klein-Gordon field.
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2.1 Lorentz Invariance in Wave Equations
2.2 The Dirac Equation
2.3 Free-Particle Solutions of the Dirac Equation
2.4 Dirac Matrices and Dirac Field Bilinears
2.5 Quantization of the Dirac Field
2.6 Discrete Symmetries of the Dirac Theory

Chapter 3: Interacting Fields and Feynman Diagrams
In the first two chapers, we have discussed in some detail for the quantization of
two free field theories. These give approximate descriptions of many of the
particles found in Nature. However, in order to obtain a closer description of the
real world, we must include new nonlinear terms in the Hamiltonian (or
Lagrangian) that will couple different Fourier modes to one another in the third
chaper.

3.1 Perturbation Theory-Philosophy and Examples
3.2 Perturbation Expansion of Correlation Functions
3.3 Wick's Theorem
3.4 Feynman Diagrams
3.5 Cross Sections and the S-Matrix
3.6 Computing S-Matrix Elements from Feynrnan Diagrams
3.7 Feynman Rules for Fermions
3.8 Feynman Rules for Quantum Electrodynamics

Chapter 4: Elementary Processes of Quantum Electrodynamics
After three long chapters of formalism, we are ready to perform some real relativistic
calculations, to begin working out the predictions of Quantum Electrodynamics.
Firstly, we considered the process of the annihilation of an electron-positron pair into
a pair of heavier fermions. We will study this paradigm process in extreme detail in
the first three sections, then do a few more simple QED calculations in sections 4.4
and 4.5. The problems at the end of the chapter treat several additional QED
processes.

4.1 e+e- ----> mu+ mu- : Introduction
4.2 e+e- ----> mu+ mu- : Helicity Structure
4.3 e+e- ----> mu+ mu- : Nonrelativistic Limit
4.4 Crossing Symmetry
4.5 Compton Scattering

Chapter 5: Radiative Corrections: Introduction
Now that we have acquired some experience at performing QED calculations, let us
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move on to some more complicated problems. In Chapter 4, we dealt only with tree-
level processes that means the diagrams that contain no loops. But all such processes
receive higher-order contributions, known as radiative corrections, from diagrams that
do contain loops. Another source of radiative corrections in QED is bremsstrahlung
which is the emission of extra final-state photons during a reaction. In this chapter we
will investigate both types of radiative corrections.

5.1 Soft Bremsstrahlung
5.2 The Electron Vertex Function: Formal Structure
5.3 The Electron Vertex Function: Evaluation
5.4 The Electron Vertex Function: Infrared Divergence

Chapter 6:Radiative Corrections: Some Formal Developments
This chapter will mainly concerned the singularities of Feynman diagrams viewed as
analytic functions of their external momenta. We will find that this apparently esoteric
subject is rich in physical implications. It illuminates the relation between Feynman
diagrams and the general principles of quantum theory.

6.1 Field-Strength Renormalization
6.2 The LSZ Reduction Formula
6.3 The Optical Theorem
6.4 The Ward-Takahashi Identity
6.5 Renormalization of the Electric Charge

Textbook:
Micnael E. Peskin and Daniel V. Schroeder, An Intoduction to Quantum Field Theory,
Westview Press, 1995

reference:
[1] Berestetskii, V. B., Lifshitz, E. M., and Pitaevskii, L. P., Quantum
Electrodynamics (second edition, trans. J. B. Sykes and J. S. Bell), Pergamon, Oxford,
1982.
[2] Bjorken, James D. and Drell, Sidney D., Relativistic Quantum Mechanics,
McGraw-Hill, New York, 1964.
[3] Gross, Franz, Relativistic Quantum Mechanics and Field Theory,Wiley, New
York, 1993.
[4] Sterman, George, Introduction to Quantum Field Theory, Cambridge University
Press, Cambridge, 1993.



Text Book: Semiconductor Physics written by S.M.Sze

Chap. 1 Physics and Properties of Semiconductors 2hr.

1.1 Introduction

1.2 Crystal Structure

1.3 Carrier Concentration at Thermal Equilibrium

1.4 Phonon,Optical,and Thermal Properties

Chap. 2 p-n Junctions 4hr.

2.1 Introduction

2.2 Depletion Region

2.3 Current-Voltage Characteristics

2.4 Junction Breakdown

2.5 Transient Behavior and Noise

2.6 Heterojunctions

Chap. 3 Metal-Semiconductor Contacts 6hr

3.1 Introduction

3.2 Formation of Barrier

3.3 CurrentTransport Processes

3.4 Measurement of Barrier Height

3.5 Device Structures

3.6 Ohmic Contact

Chap.4 Metal-Insulator-Semiconductor Capacitors 6hr

4.1 Introduction



4.2 Ideal MIS Capacitor

4.3 Silicon MOS Capacitor

Chap. 5 Bipolar Transistors 2hr

5.1 Introduction

5.2 Static Characteristics

Chap. 6 MOSFETs 6hr.

6.1 Introduction

6.2 Basic Device Characteristics

6.3 Nonuniform Dopingand Buried-Channel Device

6.4 Device Scaling and Short-Channel Effects

6.5 MOSFET Structures

Chap.7 JFETs,MESFETs,and MODFETs 3hr.

7.1 Introduction

7.2 JFET and MESFET

7.3 MODFET

Chap. 8 Tunnel Devices 3hr.

8.1 Introduction

8.2 Tunnel Doide

8.3 Related Tunnel Devices

8.4 Resonant-Tunneling Diode
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Theory of Solid State Physics
(48 School Hours)

Introduction
The principal aim of this course is as a primer aimed at elevating graduate students to a level where
they can engage in independent research. The discussion of conceptual aspects takes priority over the
exposure to the gamut of condensed matter applications, we have endeavored to keep the text firmly
rooted in practical experimental application. As well as routine exercises, the present course includes
extended problems which are designed to provide a bridge from formal manipulations to
research-oriented thinking.

Outline
Chapter 1: From particles to fields
We begin by considering two simple model systems–a one-dimensional “caricature” of a solid, and a
freely propagating electromagnetic wave. As well as exemplifying the transition from discrete to
continuous degrees of freedom, these examples introduce the basic formalism of classical and quantum
field theory, the notion of elementary excitations, collective modes, symmetries, and universality –
concepts which will pervade the rest of the text.

1.1 Classical harmonic chain: phonons
1.2 Functional analysis and variational principles
1.3 Maxwell’s equations as a variational principle
1.4 Noether’s theorem

Chapter 2: Second quantization
The main purpose of this chapter is to introduce and apply the method of second quantization. The first
part of the chapter on methodology and notation, while the remainder is devoted to the development of
applications designed to engender familiarity with and fluency in the technique. Then, we will
investigate the physics of the interacting electron gas, charge density wave propagation in
one-dimensional quantum wires, and spin waves in a quantum Heisenberg (anti)ferromagnet.

2.1 Introduction to second quantization
2.2 Applications of second quantization
2.3 Summary and outlook

Chapter 3: Feynman path integral
The main purpose of this chapter is to introduce the concept of the Feynman path integral. As well as
developing the general construction scheme, particular emphasis is placed on establishing the
interconnections between the quantum mechanical path integral, classical Hamiltonian mechanics, and
classical statistical mechanics. The practice of path integration is discussed in the context of several
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pedagogical applications. As well as the canonical examples of a quantum particle in a single and a
double potential well, we discuss the generalization of the path integral scheme to tunneling of
extended objects (quantum fields), dissipative and thermally assisted quantum tunneling, and the
quantum mechanical spin.

3.1 The path integral: general formalism
3.2 Construction of the path integral
3.3 Applications of the Feynman path integral

Chapter 4: Functional field integral
The concept of path integration is generalized to integration over quantum fields. We will develop an
approach to quantum field theory that takes as its starting point an integration over all configurations of
a given field, weighted by an appropriate action. To emphasize the importance of the formulation that,
methodologically, represents the backbone of the remainder of the text, we have pruned the discussion
to focus only on the essential elements. This being so, conceptual aspects stand in the foreground and
the discussion of applications is postponed to the following chapters.

4.1 Construction of the many-body path integral
4.2 Field integral for the quantum partition function
4.3 Field theoretical bosonization: a case study

Chapter 5: Perturbation theory
In this chapter, the analytical machinery to investigate the properties of many-body systems
perturbatively is introuduced. Specifically, taking the “f4-theory” as an example, we learn how to
describe systemsthat are not too far from a known reference state by perturbative means. Diagrammatic
methods are introduced as a tool to efficiently implement perturbation theory at large orders. The new
concepts are then applied to the analysis of various properties of the weakly interacting electron gas.

5.1 General structures and low-order expansions
5.2 Ground state energy of the interacting electron gas
5.3 Infinite-order expansions

Chapter 6: Broken symmetry and collective phenomena
In this chapter, we will learn how elements of the perturbative approach can be formulated more
efficiently by staying firmly within the framework of the field integral. More importantly, in doing so,
we will see how the field integral provides a method for identifying and exploring non-trivial reference
ground states – “mean-fields.” A fusion of perturbative and mean-field methods will provide us with
analytical machinery powerful enough to address a spectrum of rich applications ranging from
superfluidity and superconductivity to metallic magnetism and theinteracting electron gas.

6.1 Mean-field theory
6.2 Bose–Einstein condensation and superfluidity
6.3 Superconductivity
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Chapter 7: Broken symmetry and collective phenomena
In this chapter, we begin with a brief survey of concepts and techniques of experimental condensed
matter physics. It will be shown how correlation functions provide a bridge between concrete
experimental data and the theoretical formalism developed in previous chapters. In particular, we
discuss – an example of outstanding practical importance – how the response of many-body systems to
various types of electromagnetic perturbation can be described in terms of correlation functions and
how these functions can be computed by field theoretical means.

7.1 Crash course in modern experimental techniques
7.2 Linear response theory
7.3 Electromagnetic linear response

Textbook:
Condensed Matter Field Theory, Second edition (2010), Alexander Altland and Ben Simons

reference:
Quantum Theory of Solids, Second edition (1963), Charles Kittel Wiley


