
Spring 2012 NNSE 625 Overview

� 1st half of a 1-year integrated course on the fundamental concepts and 
methods of statistical mechanics, quantum mechanics and their applications 
to the study of solids, surfaces and nanostructures

� Instructor: Dr. Y. Alex Xue, Assistant Professor of Nanoscience
� Research: Theoretical and computational nanoscience
� Office: CESTM B230C
� Office Hour: F 3:30-4:30 PM

� Course Website 
�� http://www.albany.edu/~http://www.albany.edu/~yx152122/NNSE625yx152122/NNSE625--12.html12.html

� Study Reading Materials Before AND After Class

� Course Grading
� Distribution: Mid-term paper 20%, Written exam 80%
� Homework is assigned, collected but not graded. 
� Mid-term paper: A 2-page report on a tutorial article on statistical mechanics
� Written exam: Comprehensive. Based on home works.
� Take-home exam: 20% extra credit  



What You Should Know and Where You Can Find Help

� Introductory quantum mechanics
� D.J. Griffiths, Introduction to Quantum Mechanics
� R. Liboff, Introductory Quantum Mechanics 
� Foundation of Nanotechnology modules

� Background in thermodynamics
� Foundation of Nanotechnology modules

� Mathematics 
� Calculus, Linear Algebra, Basic Differential Equations,…
� B.R. Kusse and E.A. Westwig, Mathematical Physics: Applied 

Mathematics for Scientists and Engineers
� M. Abramowitz and I.A. Stegun, Handbook of Mathematical Functions
� Matlab/Maple online manual 



Course Topics

� Thermodynamics and Statistical Mechanics (Weeks 1-6)
1. Fundamentals of Thermodynamics
2. Thermodynamic Equilibrium and Stability 
3. Probability and Statistics
4. Statistical Ensemble and Distribution

� Lecture Topics in Quantum mechanics (Weeks 7-12)
5. Mathematical Foundation of Quantum Mechanics
6. Physical Principles of Quantum Mechanics 
7. Spin and Pauli Matrices
8. Quantum Statistical Mechanics
9.  The Variational Method

� Additional Topics in Quantum Mechanics (Weeks 13-15)
10. Stationary Perturbation Theory
11. Time-Dependent Perturbation Theory 
12. Quantum Theory of Scattering  



Course Texts

� Statistical Physics 
1) D. Chandler, Introduction to Modern Statistical Mecahnics (Oxford, 1987).
2) M. Kardar, Statistical Physics of Particles (Cambridge, 2007).
33) ) L.D. Landau and E.M. L.D. Landau and E.M. LifshitzLifshitz, , Statistical Physics,Statistical Physics, 3rd edition (Elsevier, 1980). 3rd edition (Elsevier, 1980). 

� Quantum Mechanics 
1) C. Cohen-Tannoudji et al., Quantum Mechanics (2 vol. set), Wiley-Interscience, 2006. 1) C. Cohen-Tannoudji et al., Quantum Mechanics (2 vol. set), Wiley-Interscience, 2006. 
2) P. Atkins and R. Friedman, Molecular Quantum Mechanics, 4th edition (Oxford, 2005).
3) R. Shankar, Principles of Quantum Mechanics, 2nd edition (Plenum Press, 1994).



Condensed Matter Physics and Nanoscience



Lecture 1. Fundamentals of Thermodynamics

� Fundamental Definitions

� A closed system is an idealization in that it is assumed to be completely
isolated by adiabatic walls that don’t allow any exchange of heat with the

� Idealize the system under study as much as possible. 

isolated by adiabatic walls that don’t allow any exchange of heat with the
surroundings. By contrast, diathermic walls allow heat exchange for an
open system.



Equilibrium and Thermodynamic Coordinates

� As the state of a point particle is quantified by its coordinates (and
momenta), properties of the macroscopic system can also be described by
a number of thermodynamic coordinates or state functions.

� The state functions are well defined only when the system is in
equilibrium, that is, when its properties do not change appreciably with
time over the intervals of interest (observation times). The dependence
on the observation time makes the concept of equilibrium subjective.on the observation time makes the concept of equilibrium subjective.

� Finally, the relationship between the state functions is described by
the laws of thermodynamics. As a phenomenological description, these
laws are based on a number of empirical observations.



The Zeroth Law of Thermodynamics

� That is, equilibrium is characterized by a function of thermodynamic
coordinates. This function specifies the equation of state



The Ideal Gas Temperature Scale



The First Law of Thermodynamics

� The first law implies the existence of another state function, the internal 
energy E(X). It states that both work and heat are forms of energy, and that 
the total energy is conserved. 



� The state functions can be divided into a set of generalized displacements
{x}, and their conjugate generalized forces {J}, such that



Response Functions

� Response functions characterizes and are experimentally measured from 
the changes of thermodynamic coordinates with external probes. 

� Heat Capacities measure the change in temperature upon addition of heat 
to the system. Heat is not a function of state, the path by which it is 
supplied must also be specified. 

� Force Constants measure the (infinitesimal) ratio of displacement to force and 
are generalizations of the spring constant. 

� Thermal Responses probe the change in the thermodynamic coordinates with 
temperature 



The Second Law of Thermodynamics

� The second law allows us to construct another important state function, the entropy S. 



Equivalence Between Kelvin’s and Clausius’s Statements



Carnot Engines and Thermodynamic Temperature



Carnot Engines and Thermodynamic Temperature





The Thermodynamic Temperature Scale



Thermodynamic Entropy



Consequences of Clausius’s Theorem







Principle of Maximal Entropy


