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Further reflection on Quiz 1, Problem #4. 

From Shroeder's Thermal Physics (2000) 

A very different way of letting a gas expand is shown in Figure 2.14. Initially, 
the gas is separated by a partition from an evacuated chamber. VVe then puncture 
the partition, letting the gas freely expand to fill the whole available space. This 
process is called free expansion. How much work is done during free expa.nsion? 
None! The gas isn't pushing on anything, so it can't do any work. What about 
heat? Again, none: No . heat whatsoever flowed into or out of the gas. Therefore, 
by the first law of thermodynamics, 

6.U = Q + W = 0 + 0 = O. 	 (2.52) . 

The energy content of the gas does not change during free expansion, hence for­
mula 2.51 applies. This time; however, the entropy increase was not~aused by the 
input oJ heat; instead \ve have manufactured new entropy,Jight h~re on.the spot. 
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Figure 2.14. I"r< ~c ('xpansion of a gas into a vacuum. Because the gas neither does 

work nor ;l .l>s()rh~ heat, its energy is unchanged. The entropy of the gas increases, 

however. 


A good question was posed in class: what would the temperature be after the expansion? From thermal 

physics, if a gaseous system contains ~ molecules, each with F degrees of freedomi without any other forms 

of energy other than translation, rotation and spring energy (all in the quadratic form ~ ab2
) then the internal' 
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energy isii U = ~ kT F N 
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If the gas is expanded without changing the internal energy or number of molecules, then the formula above 

predicts there would be no change in temperature. Put another way, if U1 = Uz and Nl = Ni for the 

same gas, the above equation predicts Ti = Tz. 

Finally, if the gas is an ideal gas, then t~e,ideal gas law, PV = mRT, predicts that P1V1 = P2 Vz so that 

the f inal pressure would be: Pz 

i " degrees of freedom" is used to describe each form of energy that applies at the molecular level. It would include 
I 	 translation motion in 3 directions, possibly rotational motion, vibration, and elastic potential energy. Oloman (2009) 

defines internal energy as a "catch all" term, and these forms of energy that are counted at the molecular level 
comprise the various forms of energy that, collectively, are described as internal energy (U) in thermodynamics. For a 
monatomic gas (l ike argon), F = 3. For a diatomic gas (like nitrogen), F = S. 
II k Boltzmann's constant, T= temperature 










