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Quiz content this week 

•  Everything up to here !!! 
•  I.e. all of chapter 19 & 20 in book, as 

well as anything we did in class, 
including equipartition theorem. 

•  Additional Quiz practice problems are 
now online. 
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Why the struggle? 

•  We will discuss thermodynamic processes, 
and their curves in the PV diagram in some 
detail.  

•  This leads up to heat engines & refrigerators. 
The vast majority of engines you encounter 

in your life are heat engines. It’s thus 
good to know how they work! 



1st Law of Thermodynamics 

dU = dQ - W 
 
   It’s simple energy conservation. Change 

in internal energy of the gas (U) must be 
balanced in the heat you put in minus 
the work the gas does. 



Internal Energy of Ideal Gas 

•  As we saw in derivation of ideal gas 
law: 

•  U = N <kinetic energy> 
•  Where N=number of particles, and <> 

denotes averaging over all particles. 



Aside on (ir-)reversibility 

For the sake of today: 
A process is called “reversible” if you can run it 

backwards, and thus create a circular 
thermodynamic process that obeys energy 
conservation. 

Many practical processes are reversible to 
within some reasonable approximation. 

Some important processes are fundamentally 
irreversible. (e.g. anything to do with friction) 



PV diagram and Work 



Favorite 4 types of processes 

•  Isothermal: T=const       dU=0 
•  Isobaric:     P=const 
•  Isochore:    V=const       W=0 
•  Adiabat:                          dQ=0 

This covers all the players in the game! 



4 Processes 



The 4 processes 

•  Isothermal = constant temperature 
•  Isobaric = constant pressure 
•  Isochoric = constant volume 
•  Adiabatic = no heat exchange 



Isothermal in PV Diagram 



Isothermal (dU=0) 
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What’s the difference between 
Heat and Internal Energy? 

•  Heat = energy exchanged due to 
– Temperature difference 
– To stay in thermal equilibrium, i.e. to avoid 

temperature difference. 
•  Internal Energy = state variable of the 

system that can change for two reasons 
– Because heat is added/subtracted. 
– Because work is done by/on the gas. 



Isobaric 

Isochoric 



Isochoric (dV=0) 

•  Constant volume => W=0 
•  =>  Q=dU 
•  Define “Molar specific heat at 

constant volume”: 
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Isobaric (dP=0) 

•  W,Q, and dU are all non-zero! 

•  Define “molar specific heat at 
constant pressure”: 
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Adiabat vs Isotherm 

Adiabat is steeper  
because gas looses 
internal energy as it 
does work! 



Adiabatic (Q=0) 

•  No heat exchange with environment 

•  Define “adiabatic exponent”: 
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Adiabat in PV diagram 
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PV " = const

TV " #1 = const



The 4 Processes 



You need to be able to analyze 
cyclic processes involving any 

of these 4 processes! 
 

E.g. Diesel & Otto engine 
Diesel: adiabat, isobar, adiabat, isochor 
Otto: adiabat, isochor, adiabat, isochor 

E.g. I describe two paths in the PV plane,  
and you tell me which one requires more heat, 

or does more work. 



Specific Heat for Ideal Gas 

•  U = N <Ekin> 
•  From ideal Gas:  <Ekin> = 3/2 kT 
⇒ U = 3/2 N k T = 3/2 nRT 

Use this to calculate specific heat! 



Molar Specific Heat of a 
mono-atomic Ideal Gas 
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Equipartition theorem 

When a system is in thermodynamic 
equilibrium, the average energy per 

molecule is 1/2 kT for each degree of 
freedom. 



Quantum Effects 

•  Not all degrees of freedom are accessible at 
low temperatures! 

•  => Cv thus changes as temperature 
increases and degrees of freedom 
“unfreeze”. 

•  At low T: only translational dof=3.  
•  At medium T: also rotational dof=5. 
•  At high T: also rotations & oscillations dof=7. 


