Problem Set 4: Solutions
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This agrees with the classical result, in the high 7" limit.

2) It depends on the component of ¥ directed toward the observer,
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3) Afinat = —kTN1In % + ..., where we include the —kT'N In(1/N) term arising from 1/N! factors in Z....is
translational part which does not change.
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Here we regard the gas as a mixture of S = 0 and S = 1 components assuming each S = 1 molecule can go into any
of the 3 spin-states in (15), or we consider a mixture of 4 spin state components (N/4 particles of each type) in (16).
In the second interpretation,
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We divide by (IN/4)! because 4 groups of N/4 particles are indistinguishable but we can distinguish between groups.
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Proof.: let X = Zy/Z,, then we must prove (zj((;i) > 1 or 3XY/* + X~3/4 > 4. The minimum is at %(X_g/4 —

X_7/4) =0, implying X = 1. At X = 1 the ratio is 1, therefore AA < 0. This proves that AA < 0 for any Z., Zp.
Here we have Z, ~ 1 and Zy ~ 0, then % ~ —Nln (%), where Zy = exp(—2T,/T) (To = 85K for Hs). Then
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Both A and S decrease, and AA/N = —1.38 1072! J and AS/N = —9.6 10~2* J/K. Since the system is in
equilibrium with a heat bath, A must decrease but S may decrease also. The entropy of the heat bath can increase
by more so the total entropy increases.
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np > N, because there are many more states available to an ionized p-e pair than to a H-atom in first excited
states.



