
PHY 341/641 Thermodynamics and 
Statistical Mechanics

MWF:  Online at 12 PM & FTF at 2 PM

Discussion for Lecture 39:
Review Part 4

1. Advice about problem solving

2. Chemical equilibria

3. Comment on Bose and Fermi statistics

4. Thermodynamic cycles

5. Questionnaire

Record!!!
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Important dates:  Final exams available < May 6; due May 14
Outstanding work due May 14
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Thursday May 6
4 PM
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Comment on numerical evaluations – reliable webpage for 
physical constants --
https://physics.nist.gov/cuu/Constants/index.html
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Last lecture, we used these ideal gas relationships to 
discuss ideal mixing of gases, keeping the assumption of 
no interactions/reactions.

In the case of reactions between particles, the basic 
equations still apply, but we cannot ignore particle 
interactions.     However, for the case that the reactions 
take place in the gas phase, some of the ideas can be 
extended -- Now, the notion of “internal energy” must be 
generalized so that we can compare particles of different 
types.    It is convenient to use the energy measure of the 
heat of formation which is the energy to take a composite 
particle into its constituents in their “standard” states.



5/5/2021 PHY 341/641  Spring 2021 -- Lecture 39 7

Notion of chemical reactions

N2 +  3H2   2NH3

In this case, the reaction of hydrogen and nitrogen gas 
forming ammonia gas can in principle proceed in either 
direction, depending on conditions.

     By co
.
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0 and 0
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We want to use the Gibbs free energy to analyze the reaction 
at fixed T and P.
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In the case that all of the particles are approximately ideal 
gasses, we can start with Gibbs free energy of each  type of 
particle.     For particle A,  for example:

For   
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Consider the change in the Gibbs free energy

where the chemical potentials are

Expressed in terms of the :
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Note that at constant temperature and pressure, when the 
reactions is at equilibrium    A0=0
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     A B C DA B C Dν ν ν ν− − +

Summary for reaction:
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Consider the gas phase reaction –
N2O4 2NO2
νA=-1        νC=2

Suppose initially only N2O4 is present.
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Ref:  L. E. Reichl
A modern course in 
Statistical Mechanics
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Consider the gas phase reaction –
N2O4 2NO2
νA=-1        νC=2

A

χ

Equilibrium

4 22
0.71         0.29             N NO Ox x= =

At T0=298K       P0=1 atm
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Comment on the chemical potential used in the grand 
partition function, where the summation over s depends on 
the system. 
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For Fermi particles     ns=0   or  ns=1 only
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For Bose particles, the summation over ns is a geometric sum
resulting the analytic form:

For some systems, 
µ=0   such as
photons, lattice 
vibrations,…

If the energy 
scale is ε≥0 then 
µ≤0.
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In practice,   the state energies   form a continuum
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Example of photon – “black body radiation”
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Bose statistics of blackbody radiation -- continued
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Frequency 
distribution for 
microwave 
“background” 
radiation --
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Short review of PV and ST diagrams of cyclic processes
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Carnot cycle -- PV diagram from your textbook
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Ideal gas relations:
Ideal gas equation of state  

Ideal gas internal energy  
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γ is an empirically 
measured quantity 
related to degrees of 
freedom of ideal gas



5/5/2021 PHY 341/641  Spring 2021 -- Lecture 39 21

d

a

c

b

Te
m

pe
ra

tu
re

Entropy

a bTH

cd
TC

P versus V diagram
T versus S diagram

1 1) 1)

1) 1)

/( 1/(

1/( 1/(

For step a b:  ln      For step b c:  0  = 

For step c :  ln      For step d a:  0  = 

ab a
b

H bc b H c C
a

d
C

c

b B

cd c da d C aB Hd

V Q V T V T
V

Vd Q V T V

Q W Nk T

Q k TW N T
V

γ γ

γ γ

− −

− −

 
→ → = 

 
 

→ → = 
 

= − =

= − =



5/5/2021 PHY 341/641  Spring 2021 -- Lecture 39 22

d

a

c

b

Te
m

pe
ra

tu
re

Entropy

a bTH

cd TC

P versus V 
diagram

T versus S 
diagram

1/(
1/( 1/( 1/( 1

)
/(

1
1) 1) 1) 1)

ln      ln

=      =   

               ln

ab B cd B

c

b

c
cd B ab

H

b d
H C

a c

dH
b H c C d C a H

C a

b b C
C

a d a

kVQ V
V V

N

V VTV T V T V T V T
T V V

V V V

k T Q N T

Q Nk T T
V V V

Q
T

γ

γ γ γ γ

−

− − − −

   
   
   

 
⇒ = = 

 
 

⇒ = −⇒ = − 


= =

=




5/5/2021 PHY 341/641  Spring 2021 -- Lecture 39 23

Engine efficiency

             =

For the Carnot cycle --
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300  and  600
3001 0.5

Example:   Supp s
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Comment:     Here we have assumed that there 
are no energy losses and that all of the 
processes are reversible.
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Q12=0

Q34=0

Another thermodynamic cycle example  
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Q12=0

Q34=0

Idealized Otto cycle Ideal gas relations:
Ideal gas equation of state  

Ideal gas internal energy  
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Q12=0

Q34=0

Idealized Otto cycle
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