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Q&A session
General physics II: Thermodynamics



Chapters 1, 2 & 3 (T & gas laws)

Temperature is a measure of how hot/cold a system is (state variable)


Zeroth law of Thermodynamics: If two systems are in thermal equilibrium 
with a third system then they are in thermal equilibrium with each other.


Thermal expansion and thermal stress:

State variables, only dependent on current state, describe at TD system

Ideal gas law and real gases:



Chapters 1, 2 & 3 (T & gas laws)

“Can we go over the van der Waals equation?”



Chapters 4 & 5 (Statistical TD)
Kinetic gas theory: link between macroscopic (T, V, P, …) and microscopic 
variables


Applicable for ideal gas with large particle number, elastic collisions and 
random, isotropic velocities


Average kinetic energy of one ideal gas particle is related to macroscopic T

Microstates: properties of individual gas particles, equally probably


Macrostates: global properties (T, P, …), sum of P of microstates


Thermal equilibrium in statistical TD: a system takes on the macroscopic 
configuration which maximises the number of microstates — Most likely 
macrostate is thermal equilibrium 



Chapters 4 & 5 (Statistical TD)

Boltzmann factor (describes the P that a system has energy E):

“Can we repeat the distribution of gas particle velocities and the probability to 
have a certain energy in a particular system?”



Chapters 4 & 5 (Statistical TD)

Maxwell-Boltzmann distribution (absolute velocity of particles):

Particle velocities:



Chapters 4 & 5 (Statistical TD)

Why F(v) dv, why is there an dv?? 



Chapter 6 (Energy and heat)
Internal energy is the total amount of energy of all molecules, sum of 
thermal and potential energy


Thermal energy: kinetic energy due to translation, rotation and vibrations


Internal energy of ideal gas = thermal energy

Flow of energy via heat (due to T difference) and via work (due to PV 
work)


Sensible heat and latent heat:


Heat capacity:


Heat capacities of ideal gas:


Heat capacities of non-ideal gas via equipartition theorem: energy of 
molecules is shared equally between different degrees of freedom, each 
of which carries on average an energy of kT/2.



Chapter 7 (1. law & thermal processes)
First law and energy conservation:


Thermodynamic systems: isolated, closed, adiabatic, and open


Thermal processes: isothermal (dT=0), adiabatic (Q=0), isobaric (dP=0) & 
isovolumetric/isochoric (dV=0)


Change of internal energy in different processes:



Chapter 7 (1. law & thermal processes)
“I have a question about differentiating between the different processes on a 
diagram. If I am given a PV diagram, I can see if something is isochoric or 
isobaric quite easily, but is there a way to recognize from the diagram when 
the process is isothermal or adiabatic?”



Chapter 8 (Entropy)

(Ir)Reversible process: any process that can (not) be reversed by 
changing signs of Q and W


Entropy is a state variable, entropy balance equation:


How can entropy help to distinguish between reversible and irreversible 
processes:


Reversible: dSprod = 0 —> dSsystem = dSenv = dQ/T


Irreversible: dSprod > 0 —> dSsystem = dSenv+dSprod  = dQ/T+dSprod


Connection between first law and entropy:



Chapter 8 (Entropy)
Connection between first law and entropy:


Why is TdS = dQ and PdV = dW only valid for reversible processes?

TdS = dQ only valid for reversible processes because in irreversible 
processes, there is S production: dS = dQ/T + dS_prod —> dQ < TdS


Example: the entropy of a system can change even if there is no heat 
transfer at all: the mixing of two fluids with different physical properties 
inside a thermally isolated container: no heat flows into or out of the 
system, and yet its entropy changes because entropy is produced by the 
mixing of the substances. So here clearly dQ = 0 but dS > 0.



Chapter 8 (Entropy)

Second law: The entropy of a thermally isolated system cannot decrease 
over time: dS>=0 (since isolated, dSprod >=0)


Third law: Entropy of a system converges against 0 for T —> 0, 
indpendent of all other properties of a particular system


Statistical interpretation of entropy:


Entropy of a macro state of a TD system is linked to the number of 
microstates:


Second law: increasing S implies that system is evolving from more 
order (lower Ω) to less order (higher Ω) because it is more likely to 
have a higher Ω


Third law: S —> 0 for T—> 0: state of maximum order!



Chapter 9 (Thermal machines)
Thermal machine: TD system that performs a heat transfer between two 
thermal baths


allowing for mechanical work being done by or on the system


by means of a periodically working machine (cycle process)


heat taken from hot reservoir, W done, heat given back to cold 
reservoir (or vice versa for cooling device/heat pump)


Carnot: two isothermal and two adiabatic processes

Engines: Stirling (two isothermal/isochoric); Otto (two adiabatic/two 
isochoric); Diesel (two adiabatic, one isobaric/isochoric) —> no need to 
know technical advantages/disadvantages



Chapter 9 (Thermal machines)



Chapter 10 (TD potentials)



Chapter 10 (TD potentials)



Chapter 10 (TD potentials)
“It would be great to go over the Legendre transforms once again. I don’t get 
when we’re supposed to use them and what they allow us to derive.”
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Chapter 10 (TD potentials)
“It would be great to go over the legendre transforms once again. I don’t get 
when we’re supposed to use them and what they allow us to derive.”



Exam: Friday, June 20th at 9.15am

check time and place!


3-4 exercises


1 DinA4 cheat sheet allowed (you write/
print on both sides), nothing else


Good luck everyone!!


