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ENTROPY AND THE 29 LAW
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dS; = dQ/ Ty,
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S as a State Function

Note: adiabatic (= dQ = 0) = constant S if the
change is quasistatic. This is the origin of the sub-

script S on the adiabatic compressibility.

1 <3V> 1 ((9\/)
V \OP/) T V \OP/ g
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Example A Hydrostatic System

dsS

(8_3) 4T -
0T ) v

1 P
?dU—I-?dV from dU =TdS — PdV

= (7 Gz)y) o+ 7 (Gv), 7)o

by expansion of U

<8S

dV by expansion
8V>T y &P

But the cross derivatives of S must be equal.
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ov T \oT)vIr T ovaT

1 92U 1

oP

o7 (7 (o), + 2), =7 ((5v), + )
orT [T \\oV )T Vv T2 \\oV ) 1
Equating these two expressions gives

(), +r=r(lh
oV )T ol ) v
(), =),
oV )T oT')v

New Information! Does not contain S'!

T7ovor T
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CONSEQUENCES a) ~

oU oU
= dU + PdV = (- 72
19 v (a@>udTu+ﬂ<av);4_P)dv
v T(57)y
1Q _ o P\ (oV
cﬂﬁp__c?—_(%/+ﬂr<8T>v<8T>p
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(6’_P> _ -1 _ =D 7).
o) @, @, @),
(o= o

For an ideal gas PV = NKT = a=1/T and kp = 1/P.

Thus

V)T
Cp—cvzl//Psz

This holds for polyatomic as well as monatomic gases.
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CONSEQUENCES b) Ideal Gas: Cy

P:NkT <8U>
T

ou (Nk
V oV

T )—P=P—P=O
vV

dU=<a—U> dT 4 <8U> dV = Cy dT
\OT /vy \NoV /)T

"~ ~~

Cy/ 0

T
U= /0 Cy(T',V)dT" + constant

(OU/0V)p =0forall T = Cy isnot f(V); Cy = Cy(T).
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CONSEQUENCES c¢) Ideal Gas: S

dS = (8_5) dT (35) dV
oT' ) v oV )T

0S
=Cyv =T |—
v (6’T>V

4Q

1Q = TdS =

v

dU P
dU =TdS — PdV = dS = T | TdV

29, -3 (0,
ov)r T \oV)r T

9 NE/V
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T N
a5 = vt )dT—I——de
T v

Cv (T
S(T,V):/TZ V; )dT’—l—NkIn(O)—I—S(To,VO)

For a monatomic gas Cy = (3/2)Nk.

S(T, V) — S(Ty, Vo) = (3/2)Nk |n(§o) 1 NE In(“%)

] 3/
= NkIn V(L
Vo \1o
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isentropic (adiabatic) =

VT3/?
V2/3T

vo/3p

)

0

are constant
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Maxwell Relations

OF
0S

E
dE(S,V) = ( ) ds 4 (8 ) dV  expansion
1% S

oV

TdS — PdV 15t and 2™¢ |aws

= (ov)s=~(5s),
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aB(s,1) = Tas+FiL = (50) =(50)
S L

oL a8
dE(S, M) = TdS + HAM = (8—T> — (8—1{)
oM ) g 0S /) M
Observe:
d(TS) = TdS + SdT

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

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

sr=ras v = () = (%)
OP) g 0S)p
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Gibbs Free Enhergy G=E+ PV —-TS

0S oV
dG = —-SdT + VdP = — [ — = | —
+ <8P>T <8T>P

E, F, H and GG are called "thermodynamic potentials’.
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The Magic Square Mnemonic

dEE =TdS + Xdx

b {33), - cnen (),
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