Ideal paramagnet, take three

From the problem “Entropy of a spin system” ...
S(E,H,N)=—kpN{[3(1+uw)]In[3(1+u)] + [5(1 —w)]In[5(1 —u)]} = —kpNf(u)

where

_FE
 NmH’
And from the definitions
_p_05 4 L_095
T-oN " T~ oE
we have
w(E, H,N) = _g% g—g .
Now 55 B
o = o () = kuN 10 (= gy ) = ks + kpus (0)
oS y 1 ks
oo = ke f0) (g ) =
" g =)
S
Meanwhile
flu) = [30+w)]h[300+w)]+ [501—w)]n[5(1-w)]
= B+wlnd+ B0+l )+ 50 -]+ (50 -] im0 - )
= Ini+[3(01+w)]n(l+u)+ [3(1—u)]nl-—u)
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So
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In conclusion
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(Sketch on next page.)
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You can express this result in other ways, for example as

In{4/(1—u?)}
I {(1+u)/(1 —u)}
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o In {(1—u?)/4}
In{(1—w)/(1+u)}

but I find these other expressions less insightful than the expression (1) that we first derived. For example,
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the function is odd under reflection, that is p(u) = —u(—wu): this fact is transparent in expression (1) and

obscure in expressions (2) and (3).



