
Thermodynamics lecture 3.

W.A.L.T.
Energy and the First Law
• Relationship between First Law and mechanics 

(hence definition of heat)

• Work on a pV system

• Heat capacities

• Energy equation

• Example calculations



Logic:
1. First we have motivating evidence
2. Then we generalise from the evidence, making the 

conjecture as written above
3. Then we use it to discover lots of other predictions …
4. If the other predictions match experimental 

observations then we are reassured that the 
conjecture is insightful and we call it a ‘law of nature’ 

The word ‘law’ in ‘law of nature’ means ‘what is observed 
to hold in practice’



Experiments by J. P. Joule in 1843-47
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Work done on a pV system during a reversible process



First and Second Law together

First Law





Example heat capacities 

Nitrogen (N2) gas                                Simple (spin-1/2) paramagnet

(                       )



Free expansion (also called Joule expansion)

For any fluid:   U = constant in this process
For ideal gas:  it is observed that T = constant

Hence, for ideal gas:

=>                                                              (reciprocity)

=> 

U(V, T) depends on T alone, i.e.  U = U(T).

This is Joule’s law.
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How to calculate in thermodynamics



Adiabatic (i.e. reversible adiathermal) expansion of ideal gas

For:    
• ideal gas
• with constant heat capacities

find:                   = constant during an adiabatic change

where                                      (“adiabatic index”) 



Example
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