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PHY 341/641
Thermodynamics and Statistical Physics

Lecture 6

Variable dependences of thermodynamic relationships
Thermodynamic energy functions
Maxwell relations



Variables and functions:

Internal energy U
Entropy S
Pressure P
Volume V
Temperature T

[Number of particles N] (fixed for now)



Internalenergy: U =U(S,V)

dU —TdS — PdV :(@j ds +(@j dV
os ),y ),

2] (2]
)2)-31)

(aT j (6Pj
> | — | =— — Maxwell relation
oV ). \as),



Entropy: S=SU,V)
dS :(éj du {éj v
oU ), oV ),
FromFirst Law: dU =TdS —PdV

dS =£dU +EdV
T T

(88) 1 (88) P
—> | —— — — - —
ou ), T N )T

Note: ThisIs consistent with internal energy derivatives:

as ), oV ).



Summary of thermodynamic potential functions

Name Potential Differential Form
Internal energy E(S,V,N) dE = TdS PdV + p,df\"
Entropy S(E,V,N) ds = de—l_ idlf — Td N
Enthalpy H(S,P.N)=E+ PV | dH =TdS + VdP + pdN
Helmholtz free energy | F(T,V,N)=E —TS | dF = —SdT — PdV + pdN
Gibbs free energy G(T,P,N)=F+ PV | dG = —-SdT +VdP + pdN
Landau potential AUT,V,pu)=F —uN | dQ)=—-SdT — PdV — Ndu
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Enthalpy: H=H(S,P)=U +PV

dH =dU + PdV +VdP =TdS +VdP = (@j dS + (ﬁj dP
P S

R
)@ ()

oT oV
— @_P 5 = _S : Maxwell relation



Helmholz freeenergy: F=F(T,V)=U -TS

dF =dU —TdS - SdT =-SdT — PdV :(Ej dT +(ﬁj dVv
Vv T

eg) om0
-1

OS oP
= 8_V T = G_T y Maxwell relation



Gibbs freeenergy: G=G(T,P)=F +PV

dG = dF + PdV +VdP = —SdT +VdP — (ﬁj dT + (ﬁj dp
P T

@) 5
3)(2)-2))

oS oV
— a—P T = — @—T : Maxwell relation



Maxwell’s relations for a fixed number of particles



Realization of variable control by use of “controlling medium

1/30/2012

AXAAVAAAY
AXAAXAAAY
AXAAXAAAY
AXAIXAAAY
AAAIXAAAD

AXAIIAAY
AXAIXAAAY

AAAAXAAAD
AAAIXIAAD

AAAIXAAAD
AAAADAAY

gy St St gyl e gty gy e gt i
Sy St gt ey i e gty iy e gt
eSSt e St eyt e Syt g i g gt i
e . .. e m———

T Y

i S SthySthy Sh sy i S ey athy  Sgfasiai ag aiylahg a
iy St St gyl i e gty gyl e gt
ey St gt gyl i e gty gy g gt
ety St Sttt gyl i e Syt eyl g gt
gy St Syt gyt e Syt gy i g gt i

T T N T N T T N T T W T N T T N T N T T W T Y T T W T W T T W T W T T W T O W T T W O N O W Tt W P N e W T e W e e e et e e e e v e,

PHY 341/641 Spring 2012 -- Lecture 3

10



Variables and functions:

Internal energy U
Entropy S
Pressure P
Volume V
Temperature T
Number of particles N
Chemical potential 7

{2
ON Jy



Name Potential Differential Form
Internal energy E(S,V,N) dE =TdS — PdV + pdN
1 P 1L

Entropy S(E,V,N dS = =dE 4+ —=dV — =dN

ntropy S( ) S —dE + — 1% n
Enthalpy H(S,PN)=FE+ PV | dH =TdS + VdP + pdN
Helmholtz free energy | F(T.V.N)=FE —-TS | dF = —S5dT — PdV + pdN
Gibbs free energy G(T,P,N)=F + PV | dG = —SdT + VdP + ndN
Landau potential QAUT,V,pu)=F —uN | dQ = —-8dT — PdV — Ndu
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Entropy with variable particles: S=SU,V,N)

dS = (ﬁj du +(§j dV +(§j dN
oU )y « oV )y n oN )y vy

FromFirst Law: dU =TdS — PdV + «dN

dS = 2 dU +—dv — 2 dN
T T T

:(ﬁj 1 (ﬁj _P (@j __H
Uy T \av)y, T lan),, T



Internal energy with variable particles: U =U(S,V,N)

dU =TdS — PdV + 1N = (@Uj d3+(5UJ dV+(5Uj dN
=3 AR V2 N PN

1%, AT &
2.2, (§J (&),



Additional Maxwell's relations :

dU =TdS — PdV + N = ( j dS+(a dV+( j dN
av S,N SV

i YRS e W o
(a%)ﬂ UU:( lN U,S



Check consistency :

0S

From entropy : =—T| —
S (aN j

- oU
Frominternal energy: u= (_j
aN V,S

Is this consistent???

dU =TdS — PdV + xdN =($j dS+($) dVv +(Qj dN
aS V,N S,N SV

oV ON
(@j _—(ou/aN),
oN ), (8U18S),,




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

