Maxwell Relations
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Observe:
d(TS) = TdS + SdT

d(PV) = PdV + VdP
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Helmholtz Free Energy F =FE - TS

iF = —SdT — PdV = (3_5) — (@_P)
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Enthalpy H=F + PV

sr=ras v = () = (%)
OP) g 0S)p

8.044 L18B3



Gibbs Free Energy G=E+ PV —-TS

0S oV
dG = —-SdT + VdP = — | — = | —
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E, F, H and GG are called "thermodynamic potentials’.
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The Magic Square Mnemonic

dEl =TdS + Xdx
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Homework problem 6-2, A Strange Chain
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For small extensions
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Example Elastic Rod

Given F = (a+bT) (L—Lg) and Cp=aT3
4+ for stability

Find £E(T,L) and S(T,L).

( )
oS oS
dE =1TdS+FdL =T |—| dT T | — F | dL
dQ + \ <8T>L + <8L>Zj +

o \ o T(E-Lo)

8.044 L18B6



dE = oT3dT 4 a(L — Lg)dL

E=",T*+ /(L)

f'(L) = a(L — Lo)

F(L) = g (L — Lo)? 4 ¢1
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E(T,L) = %T“+§<L—Lo>2+c1

ds = (8—3) dT + (3_5) il
\oT), \OL/T
Cy/T=aT? —b(L—Lo)

S = %T3 +g(L)
J(L)=—b(L-Lo)  g(L)=—, (L—Lo)*+ecs
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Q b
S(T, L) = 17 = (L= Lo)* + 2

A rubber band has a negative thermal expansion coef.

dF = (a 4+ bT)dL 4+ b(L — Lo)dT set =0

-+ when extended
(8L> b (L—Lg)
= (—] =-
oT) r (a+0T)

4 for stability

< 0 for rubber

=b>0

8.044 L18B9



o b
S(T,L) = §T3 —E(L—LO)Q—I-CQ

Rapid expansion of rubber band = AS ~ 0

Increase in L = increase in T'.
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Increase in L
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