Statistical Mechanics Homework 7 — Ben Levy

#1 Pathria Problem 12.3

The critical point occurs when the first and second derivatives of pressure vanish. | begin be solving the
given van der Waals equation of state for P a /a equation 12.2.1, and taking the first and second deriva-
tive of P:

RT a
o P[T_, V_] = - -
v-b v"

wiasgi= D[P[T, v], v]
D[P[T, v], {v, 2}]

RT
(-b+v)?
2RT
wa(-l-n)nv?®y ———
(-b+v)3

Now we must set the first and second derivatives to zero, and solve for v=v, and T = T,. | had to get
clever here. Mathematica couldn’t just solve this system of equations, so instead | set the “n” in the
exponents to be n, and plugged in n=1, 2, 3, ..., 9. Then | looked for the pattern. (it's pretty simple)
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Now let's define these as variables
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Then, to get P, all we must do is plug v; and T¢ into P:
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nasei- P[Te, ve] // FullSimplify
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Ok, Mathematica is kinda dumb. This simplifies to
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