
Problem 5.3−1  Fundamental Relation for Ideal Gas in Different Representations
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Fundamental relation in the entropy representation for monoatomic ideal gas: 

Solving for U, we get internal energy representation of the fundamental relation:
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For calculation of the Helmholtz potential, calculate temperature:









−
















=

∂

∂
=

R

s

NR

S

N

N

V

V

NR

U

S

U
T

3

2

3

2
exp

3

2 0

3/5

0

3/2

00
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Therefore: NRTU
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TSUF −=Substituting these expressions into the Legendre transform for S:
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For calculation of the enthalpy, calculate pressure:
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Express volume as a function of pressure:

The appropriate Legendre transformation is:
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For the Gibbs potential calculation: NRTU
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Problem 5.3− 5  Calculation of Gibbs potential and α, κT, cP
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We are given the fundamental relation:

Solve it for U to obtain the fundamental relation in the energy representation:
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Problem 5.3 − 5  Calculation of Gibbs potential and α, κT, cP

Solving these three equations for U, S and V, we obtain:
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Substituting them into the Legendre transformation for G and simplifying:
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We can use these equations in calculations of α, κT, cP



Problem 5.3 − 5  Calculation of Gibbs potential and α, κT, cP

Recalling the definitions of α, κT, cP :
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Problem 5.3 − 6  Fundamental Relation in the Enthalpy Representation

The second good fundamental relation:
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Problem 5.3 − 7  Calculation cv from given enthalpy H
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Using this expression for P in the expression for T, we obtain T as a function of S and V
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Problem 5.3 − 7  Calculation cv from given enthalpy H
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Differentiating the above expression with respect to T at constant V, we obtain:
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Problem 5.3 − 12  Gibbs Potential
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Problem 5.3 − 13  Gibbs and Helmholtz Potentials

Pvu
2

3
=

4AvTP =

4/1

2/14/1

2

31

u

vA

T








=

2/1

4/3
4/1

4/3

3

2

v

u
A

T

P








=

uvAP
4/34/32/14/1

231 
dv

v

u
Adu

u

vA
dv

T

P
du

T
ds

2/1

4/3
4/1

4/3

4/1

2/14/1

3

2

2

31








+








=+=

















=








+








= 2/14/3

4/1

2/1

4/3

4/1

2/14/1

3

4

2

3

3

2

2

3
vud

A
dv

v

u
du

u

vA
ds

0

2/14/3

4/1

3

4

2

3
svu

A
s +








=



Problem 5.3 − 13  Gibbs and Helmholtz Potentials
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