King Fahd University of Petroleum and Minerals

Department of Physics

Course Syllabus
	Term
	:
	Fall Semester 2015 – 2016 (151)

	Course Title
	:
	Phase Transitions and Critical Phenomena

	Course Code
	:
	Phys 630

	Credit Hours
	:
	3

	Prerequisites
	:
	PHYS 530 

	Schedule
	:
	Lecture:
Su,Tu,Th  2:00 – 2:50   pm.  Building 6, Room 100

	Instructor
	:
	Dr. Ibraheem Nasser, Prof.

	Phone
	:
	2234

	Email
	:
	imnasser@kfupm.edu.sa

	Web
	:
	http://faculty.kfupm.edu.sa/phys/imnasser/

	Office
	:
	Building 6, Room 227

	Office Hours
	:
	Daily Su,Tu,Th  1:00 – 2:00   pm, or by appointment


Course Description:

Phys 630 is designed to provide Ph. D. students with the mathematical background for subsequent studies: Introduction to the main characteristics of phase transition phenomena; Simple models (Ising, Gaussian and spherical models); real space renormalization; mean field theory, Landau-Ginsburg model; diagrammatic perturbation theory and Feynman rules in wave vector space; renormalization group theory; applications..

Main Text:

Nigel Goldenfeld “Lectures on Phase Transitions and the Renormalization Group”, (Addison-Wesley "Frontiers in Physics",1992).   
Course Work and Grading:   
Assessment

	Activity
	 Weight

	Homework
	40%

	Exam #1
	30%

	Final Exam
	30%


Grading

	A+(89
	89>A(82
	82>B+(75
	75>B(68
	68>C+(61
	61>C(54
	54>D+(47
	47>D(40
	F<40


There will be 9 homework assignments (40% of course grade) The homework will be split between the students and should be written using words and MATHTYPE. Using AMTHEMATICA for plotting and analysis will be highly recommended.

Description:

The theory of phase transitions and critical phenomena is one of the most important chapters of modern many-body physics. Examples of phase transitions range from melting of ice and magnetization of ferromagnets to superfluidity and superconductivity. The behavior of many superficially different physical systems near a phase transition proves to be qualitatively the same, as it depends only on the symmetry of the problem and the spatial dimensionality. The last four decades have seen a rapid development of theoretical methods appropriate for these problems, which are based on scaling ideas and renormalization group method for classical and quantum many-body systems. These developments have by now become a standard language of modern Theoretical Physics, and as such should be regarded as an indispensable component in the training of graduate students not only in Condensed Matter, but also in Nuclear and High Energy Physics.

Objectives of this course:

1- This course will include a broad overview of the phenomena and systems displaying phase transitions,

2- It will provide an introduction to the basic theoretical methods used to describe them.

3- More advanced applications will be described more briefly, but appropriate literature will be given. 

Topics covered in this course:

1- Experimental systems showing classical and quantum critical phenomena. 

2- Thermodynamic potentials. Heat capacity. Magnetic susceptibility. 

3- Phases. Phenomenology of 1st order phase transitions. Continuous transitions. 

4- Landau theory. Order parameters. Spontaneous symmetry breaking. 

5- 1D Ising model with different analytical methods. 

6- Critical behavior. Scaling. Critical exponents. Relations between critical exponents. 

7- Kadanoff scaling. Universality conjecture. 

8- Calculation of critical exponents: Real space RG methods. 
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- expansion.  

Useful Web pages and review articles:

M. E. Fisher: Renormalization group theory: Its basis and formulation in statistical physics, Rev. Mod. Phys. 70, 653-681 (1998).  
M. E. Fisher: The renormalization group in the theory of critical behavior, Rev. Mod. Phys. 46, 597-616 (1974).

Lecture notes (by V. Dobrosavljevic).

Professor Scott Pratt has a PHY831 www site that is a good resource for PHY831 problems, past subject exams and his lecture notes.
Professor Steven Teitel has a nice set of notes and problems with solutions.
Professor P. Duxbury has excellent site: http://www.pa.msu.edu/~duxbury/courses/phy831/Outline.html
MIT lectures  

Mike Cross:  http://www.pma.caltech.edu/~mcc/Ph127/b/
Ben Simons: http://www.tcm.phy.cam.ac.uk/~bds10/tp3.html
References: (Old but Gold)
· J. Binney, N. Dowrick, A. Fisher, M. Newman, “The Theory of Critical Phenomena”, (Oxford University Press, Oxford 1992).

· M. Le Bellac,”Quantum and Statistical Field Theory”, (Clarendon Press, Oxford 1991).

· P. M. Chaikin, and T. C. Lubensky, “Principles of Condensed Matter Physics”, (Cambridge University Press, 2000).

· J.Yeoman, “Statistical Mechanics of Phase Transitions”, (Clarendon Press, Oxford 1992). 

· R. J. Creswick, H. A. Farach, and C. P. Poole Jr., “Introduction to Renormalization Group Methods in Physics (Wiley, 1992).
· D. J. Amit, “Field Theory, the Renormalization Group, and Critical Phenomena”, 2nd ed. (World Scientific, Singapore, 1984).

· J. Zinn-Justin, “Quantum Field Theory and Critical Phenomena”, (Clarendon Press, 1992).
· David chandler, “Introduction to modern statistical mechanics”, (Oxford University Press 1987).
· John L. Cardy, “Scaling and Renormalization in Statistical Physics”, (Cambridge, 1996) QC174.85.S34.C37x 1996.

· G. Parisi, “Statistical Field Theory”. Redwood City, CA: Addison-Wesley Pub. Co., 1988)
· S. K. Ma, “Modern theory of critical phenomena”, Benjamin, New York, 1976.
(Almost New)
· Moshe Gitterman and Vivian Halpern, “Phase Transitions: A Brief Account with Modern Applications”, World Scientific (2004).
· J. Zinn-Justin, “Phase Transitions and Renormalization Group”, (Oxford, 2007).
· M. Kardar, “Statistical Physics of Fields, Cambridge University Press, Cambridge, 2007.
·   Igor Herbut, “A modern approach to critical phenomena”, (Cambridge University Press, 2007).
· Jean Zinn-Justin, “ Phase Transitions and Renormalization Group”, (Oxford University Press 2007).
·   Dimo I. Uzunov, “Introduction to the theory of critical phenomena”, 2nd edition (World Scientific, 2010).
· S. Sachdev, “Quantum Phase Transitions”, Cambridge University Press, Cambridge, 2011.
Thermal and Statistical Mechanics books

1- K. Huang, ''Statistical Mechanics'', 2nd Ed., Wiley, 1987.

2- F. Reif, ''Fundamental of Statistical Mechanics and Thermal Physics'', (McGraw-Hill, New York), 1965.

3- R. Kubo, '' Statistical Mechanics '', North-Holand, 1965.

4-  D. Schroeder “An introduction to Thermal Physics”, (Addison Wesley, 2000).

5- Ashley  Carter “Classical and Statistical Thermodynamics”,  (Prentice Hall, 2001).

6- R. K. Pathria's, ''Statistical Mechanics'' 2nd edition (1999).
7- C. Garrod, Statistical Mechanics and Thermodynamics, Oxford University Press (1995).

8- Leo P. Kadanoff, Statistical Physics: Statics, Dynamics and Renormalization, World-Scientific (2000). ISBN 981-02-3764-2.
9- E. M. Lifshitz and L. P. Pitaevskii, Physical Kinetics (Pergamon, 1981) QC718.L72 1981 

10- M. Toda, R. Kubo, and N. Saito, Statistical Physics vol. 1 (Springer-Verlag, 1991) 

11- M. Toda, R. Kubo, and N. Saito, Statistical Physics vol. 2 (Springer-Verlag, 1991) 

12- Linda E. Reichl, A Modern Course in Statistical Physics,  3rd ed., Wiley 2009
13- Plischke and  Michael Equilibrium statistical physics 2nd ed. , World scientific, 1994.

14- Harry E. Robertson, Statistical Thermophysics, (Prentice Hall, 1993).
Lectures: (Handout will be given in the class, unless we have to follow certain chapter in a main text book).
1- Introduction to phase transition and overview about the course. (Done)
2- Review of Thermodynamics and statistical mechanics.   (Done)
3- Magnetic materials and magnetization.   (Done)
4- Homogenous equation, scaling laws and fixed point.

5- Mean field theory of magnetization. (Done)
6- 1D-Ising model with different methods (Exact, Matrix, Bragg-Williams, Lattice gas, low temperature). (Done)
7- Ksc’s model (Done)
8- Correlation function (connected and unconnected). 

9- Real space renormalization. (Done)

10- Landau Ginsberg theory. (Done)
11- Real space renormalization. (Done)
12-  Momentum space renormalization (done).
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