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Reference 

• Atkins’ 8th edition 

• Chapter 16, 17 

Statistical thermodynamics 

2 



What Statistical thermodynamics studies? 

• Solid melts . 

• Crystal grows. 

• Chemicals react and take up energy or give it 
off. 

• Protein catalyze biological reactions 

• What forces drive these processes? 

• Statistical thermodynamics model the 
molecular forces to drive these processes. 
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Entropy and energy  

• We  can measure the density, temperature, pressure, 
capacity, molecular radius… to understand this process.  

• But, we cannot simply predict the tendency and 
equilibria of system. 

• To predict the equilibria, we must step into a different 
world. Energy, entropy, enthalpy and free energy. 

• For instance, water boils at 100OC. But measure the 
density of water at 98 oC, we do not know the sudden 
change at 100oC. 

• To predict the density change, we need to know the 
driving force, the entropies and the energies. 
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Entropy 

• Describes the tendency of matter towards 
disorder. 

• Entropy explains heat flows from hot object to 
cold object. 

• How protein molecules tangle together in 
some disease state. 
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Probability 

• PA=nA/N 

• N=total number of possible outcome 

• nA= the outcomes fall into catalog A 
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Multiplication rule 
 

If outcome A, B are independent, then the 
probability of observing A and B is 

P(A AND B)=PAPB 

 

• What is the probability of getting 4 heads on 4 
successive flips of an unbiased coin? 

• What is the probability of getting one heads, 
then one tail, then two heads on 4 successive 
coin flips? (In this specific order) 
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Examples for Multiplication rule 
 

• In previous example, what is the probability of 
the specific sequence of 4 coin flips, HTHH? 

• What is the probability of obtaining 3H and 1T 
in any order? 

• HHHT, HHTH, HTHH, THHH 

• 4 out of 16 possible outcomes 
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Permutations of ordered sequences 

• How many permutations of ordered 
sequences of the letter w, x, y and z? 

• For instance, wxyz, wyzx 

• 1st letter can be any 1 of the character 

• 2nd letter can be one of the 3 letters 

• … 

• W=4x3x2x1 
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Permutations of ordered sequences 

• In general, a sequence of N distinguishable 
objects, the number of different permutations 

• W=N! 
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Counting sequences of distinguishable 
and indistinguishable objects 

• How many sequence can we arrange (H,A1,A2)? 
• (HA1A2 ) (A1HA2) (A1A2H)  
(HA2A1) (A2HA1) (A2A1H) 
• W=3! 
If A1 and A2 are indistinguishable, 
(A2HA1) = (A2A1H) 
• W=3!/2! 
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Number of permutations 
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Number of permutations from 
indistinguishable objects 
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Number of permutations from 
indistinguishable objects 
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Bose-Einstein condensates 
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What are Extremum Principles? 

• The forces on atoms and molecules can be 
described in terms of two tendency, energy  and 
entropy. 

• Molecules react, change conformations, bind, 
and undergo chemical and physical changes, in 
the way to reach the minimum energy and 
maximum entropy. 

• We can predict the tendencies of the matters by 
computing the minima or the maxima of a certain 
mathematical function.  

• Extremum principles or variational principles. 
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Mechanical equilibrium  

• A ball rolls down until it reaches the bottom 
and stay at the bottom, equilibrium position. 
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Extremeum principle: Maximizing multiplicity 
predicts the most probable outcomes. 

• For instance, flipping a 
coin 4 times. 

• Which composition is 
more probable? 

• 3HIT or 4H 
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No of head, n in flipping the coin N 
times 

• W (n,N) = N!/N!(N-n)! 

• W(50,100)=1.01x1029 

• W(25,100) = 2.43x1023 
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Lattice model to explain why gas molecules spread out 
into a large volume. 

 
 
 
 

• Multiplicity = W(N,M) 
• N= number of particle  
• M= number of lattice site 
• WA(3,5)=10 possible arrangments 
• WB(3,4)=4 
• WC(3,3)=1 
• If the system has only 3 possible volume, then the probabily  is 

pc=1/(10+4+1) 
• pB=4/15 and pA=10/15 (which is most probable.) 
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Why do materials diffuse? 
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Why do materials diffuse? 
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Why do material absorb energy? 
• For instance 3 distinguishable particles. 

• What is the total number W(U) of ways that the system can 
partition its energy? 

• There are more arrangements of a system that have a high 
energy than a low energy. 
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Why does energy exchange? 
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Why does energy exchange? 
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However, energy does not always flow 
downhill.  
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Summary 

• Systems tend towards their states of 
maximum multiplicity (or maximum number 
of microstates). 

• Every microstate is equally probable. 
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Announcements 

• Homework and lecture notes can be 
downloaded from the website of Ms Ma. 

• 1st Homework will be uploaded to the website 
this Thursday.  

• Please work independently. 
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Math tools to find the extremum of a a 
multivariate functions  
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Find the minimum of a paraboloid 
subject to a constraint. 

Method of Lagrange multiplier 

30 

Method of Lagrange multiplier 
with 2 constraints. 



Classwork 
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Instantaneous configurations 
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Boltzmann distribution 
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Boltzmann distribution 
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Boltzmann distribution 
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Pressure of atmosphere 
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Partition function of a uniform ladder 
of energy levels 
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To find a biased die. 
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