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Adiabatic gas expansion free expansion
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If an irreversible process occurs in a closed system, the
entropy of the system always increases; it never
decreases. In the steady-state, the entropy of the system
reaches the maximum.

second law of thermodynamics – mathematical expression
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Third law of thermodynamics

It is impossible for any process to reduce the entropy of a system 
to its absolute-zero value in a finite number of operations.

( ) ( )1 2 1 2

1 1

η
− −

= =
Q Q T T

Q T

32
1 2

1 4

ln lnm
VVA nR T T

V V
 

= − 
 

( ) 2
1 2

1

lnm
VnR T T
V

= −

1

A
Q

η =

( ) 2
1 2

1

2
1

1

ln

ln

m

m

VnR T T
V

VnR T
V

η
−

=

HRW-Ch20



Q1

Q2
–A

T2

T1

1Q
K

A
= 1

2 1

Q
Q Q

=
−

1

2 1

T
T T

=
− 1 1K K≤ ∨ ≥refrigerator

2Q
K

A
= 1

2 1

1
Q

Q Q
= +

−
2

2 1

T
T T

=
− 1K >

performance coefficient

Refrigerators and Heat pumps 

heat pump

komprese

HRW-Ch20

adiabatic 
compression

adiabatic 
expansion

isotherm

isotherm

𝐾𝐾 =
useful heating/cooling

work required



latent heat L specific latent heat Ll
m
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Phase transitions HRW-Ch20

2.2·107 Pa

611.66 Pa

273.16 K 647 K

first-order phase transitions = discontinuous change of density
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