
PHYS404 (Spring 2024)   Introduction to Thermodynamics and Statistical Mechanics 
 
Instructor: H. M. Milchberg, AV Williams Bldg., Rm. 1415, milch@umd.edu 
TAs: Samarth Sriram (ssriram1@umd.edu ), Deven Bowman (dbowman3@terpmail.umd.edu) 
Lectures: PHY 1201, Tues/Thurs 12.30-1.45pm  
Office hours:  HM: Tues/Thurs 11.30am-12.30pm, AVW 1415 

SS: Tues. 3.30-5pm, PSC 3150 
DB: Thurs. 4-5.30pm, PHY 2208 

References 
F. Reif, Fundamentals of Statistical and Thermal Physics, Waveland Press (This is a reprinted 
version of the original book from the McGraw-Hill series in fundamentals of physics). 
Additional reference: C. Kittel and H. Kroemer, Thermal Physics, W.H. Freeman & Co.  
 
Topics 
Topics will be taken from Reif, Chapters 1-10, with sparser selections from Chapters 11-15. The 
contents section of Reif is attached so you can see the topics covered. My class notes will be 
complete and you should view the book as supplementary. Because I write on the board and do not 
use PowerPoint, the best way to get the class notes is to come to class. 
 
Problem sets 
• Assigned via email approximately every 1½ weeks and handed in at the beginning of class on the 

due date.  There will be roughly 7-8 problem sets over the semester. Some problems will be from 
Reif and some from a few other sources including me.   

• Late submissions of problem sets: If you anticipate your problem set being turned in late, you must 
email me at least 2 days in advance with an explanation. 

 
Documents and recorded lectures 
• Documents, such as problem sets and solutions, will be posted to the ELMS PHYS404 site at the 

‘Files’ tab.  
• Any recorded lectures will be posted as mp4 video files at the ELMS PHYS404 site at the ‘Panopto 

Recordings’ tab. 
 
Grade breakdown 
Problem sets 20%; 2 midterm exams, each 25%; final exam 30%. Improvement is rewarded in this 
class: Best midterm is counted (you must do BOTH midterms). If the final exam grade is higher than 
the best midterm, the final exam will count for 80% of the final grade. Grades will be posted to ELMs 
by the TA/grader. 
 
Exam dates 
Unless otherwise specified, all exams will take place in PHY 1201. 
 
Midterm #1- Thurs. March 14 
Midterm #2- Thurs. April 30 
Final exam- Thursday, May 16, 1:30pm - 3:30pm 

mailto:milch@umd.edu
mailto:ssriram1@umd.edu
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contents section of: 
F. Reif, Fundamentals of Statistical and Thermal 
Physics
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1 Introduction to statistical methods 1 

RANDOM WALK AND BINOMIAL DISTRIBUTION 

1 · l Elementary statistical concepts and examples 4 
I · 2 The simple random walk problem in one dimension 7 
I · 3 General discussion of mean values 11 
l ·4 Calculation of mean values for the random walk problem JS 
1 · 5 Probability distribution for large N 17 
I · 6 Gaussian probability distributions St 

GENERAL DISCUSSION OF THE RANDOM WALK 

1 · 7 Probability distributions involving several variables S5 
I · 8 Comments on continuous probability distributions S7 
I · 9 General calculation of mean values for the random walk SS 

•1 · IO Calculation of the probability distribution S5 
•1-11 Probability distribution for large N S7 

2 Statistical description of systems of particles 47 

STATISTICAL FORMULATION OF THE MECHANICAL PROBLEM 

2 · I 8-pecification of the state of a system 48 
2 · 2 Statistical ensemble 5S 
2 · 3 Basic postulaus 5S 
2 · 4 Probability calculations 60 
2 · 5 Behavior of the density of states 61 



INTERACTION BETWEEN MACROSCOPIC SY STEMS 

2·6 Thermal interaction 66 
2·7 Mechanical interaction 68 
2·8 General interaction 78 
2-9 Quasi-static processes 74 

2·10 Quasi-static work done by pressure 76 
2·11 Exact and "inexact" di.ff erentials 78 

3 Statistical t hermody namics 87 

IRREVERSIBILITY AND THE ATTAINMENT OF EQUI LIBRIUM 

3 • 1 Equilibrium conditions and constraints 87 
3 • 2 Reversible and irreversible processes 91 

T HERMAL INTERACTION B ETWEEN MACROSCOPIC SYST EMS 

3 • 3 Distribution of energy between systems in equilibrium 94 
3 · 4 The approach to thermal equilibrium 100 
3·5 Temperature 102 
3 · 6 Heat reservoirs 106 
3 · 7 Sharpness of the probability distribution 108 

GENERAL INTERACTION BETWEEN MACROSCOPIC S YSTEMS 

3 · 8 Dependence of the density of states on the external parameters 112 
3 • 9 Equilibrium between interacting systems 114 

3 • 10 Properties of the entropy 117 

SUMMARY O F FUNDAI\I ENTAL RESULTS 

3 · 11 Thermodynamic laws and basic statistical relations 122 
3 · 12 Statistical calculation of thermodynamic quantities 124 

4 Macroscopic parameters and their measuremen t 128 

4 • 1 Work and internal energy 128 
4·2 Heat 181 
4 · 3 Absolute temperature 188 
4 · 4 Heat capacity and specific heat 1 89 
4 · 5 Entropy 142 
4 · 6 Consequences of the absolute definition of entr<>py 146 
4 · 7 Extensive and intensive parameters 148 

5 Simple applications of macroscopic thermody na m ics 152 

PROP ERTIES OF IDEAL GASES 

5 · 1 Equation of state and internal energy 168 
5 · 2 Speci,fic heats 166 



5·3 Adiabatic expansion or compression 158, 
5 · 4 Entropy 160 

GENERAL RELATIONS FOR A HOMOGENEOUS SUBSTANCE 

5 · 5 Derivation of general relations 161 
5 · 6 Summary of Maxwell relations and thermodynamic functions 164 
5 · 7 Specific heats 166 
5 · 8 Entropy and internal energy 171 

FREE EXPANSION AND THROTTLING PROCESSES 

5·9 Free expansion of a gas 175 

5· 10 Throttling (or Joule-Thomson) process 178 

HEAT ENGINES AND REFRIGERATORS 

5· 11 Heat engines 184 
5 · 12 Refrigerators 190 

6 Basic methods and results of statistical m,echanics 

ENSEMBLES REPRESENTATIVE OF SITUATIONS OF PHYSICAL INTEREST 

6 · 1 
6·2 
6·3 
6·4 
6·5 
6·6 

Isolated system 201 
System in contact with a heat reservoir 202 
Simple applications of the canonical distribution 
System with specified mean energy 211 
Calculation of mean values in a canonical ensemble 
Connection with thermodynamics 214 

APPROXIMATION METHODS 

6·7 Ensembles used as approximations 219 
•6 · 8 Mathematical approximation methods 221 

GENERALIZATIONS AND ALTERNATIVE APPROACHES 

•6 · 9 Grand canonical and other ensembles 225 

206 

212 

•6 · 10 Alternative derivation of the canonical distribution 22& 

7 Simple applications of statistical m echanics 

GENERAL METHOD OF APPROACH 

7 · 1 Partition functions and their properties 287 

IDEAL MONATOl\oflC GAS 

7 · 2 Calculation of thermodynamic quantities 239 
7 · 3 Gibbs paradox 248 
7 · 4 Validity of the classical approximation 246 

201 

237 
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IDEAL GAS IN THE CLASSICAL LIMIT 

9 · 9 Quantum states of a single particle 858 
9 · 10 Evaluation of the partition function 860 
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states 868 
*9· 12 Partition functions of polyatomic molecules 867 
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S IMPLE DISCUSSION OF BROWNIAN MOTION 

15 · 5 Langevin equation 560 
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DETAll,En ANALYSIS OF BROWNIAN MOTION 

15· 7 Relation between dissipation and the fluctuating force 567 



15 · 8 Correlation fumtions and the friction constant 570 
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FOU RIER ANALYS IS O F RANDOM FUNCTIONS 
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