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Experimental Physics EP2 
Thermodynamics

– Entropy –
Carnot cycle, Clausius inequality

https://bloch.physgeo.uni-leipzig.de/amr/
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The Clausius inequality

0'' 2121 =+++= QQQQW )'(' 2211 QQQQ +-=+Þ

1

2
1121 ''0
T
TQQQQ -++=

0''
2

2

1

1 =+
T
Q

T
Q

12

21
11' TT

QQTQ
-
+

=Þ

ú
û

ù
ê
ë

é
+

-
=+

2

2

1

1

12

21
11 '

T
Q

T
Q

TT
TTQQ

0'1121 ³+> QQthenTTif
0

2

2

1

1 £+
T
Q

T
Q

0
2

2

1

1 £-
T
Q

T
Q
System:

1

2

1

2 11
T
T

Q
Q

-£-

idealengine hh £

Experimental Physics II - Entropy



3

0
2

2

1

1 £+
T
Q

T
Q 0£ò T

Qd
1. 0£ò T

Qd

Quasistatic reversible process
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Entropy of ideal gas
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Isobaric process:
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Isothermal process:
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For reversible processes:
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Entropy of ideal gas: free expansion
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Not directly applicable for irreversible processes!
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In an irreversible process the entropy of universe increases.

In a reversible process the entropy of universe does not change.

For any processes, the entropy of universe does not decrease.
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Entropy and probability
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Ø The efficiency of a Carnot engine is determined only by 

temperature difference between hot and cold reservoirs.

Ø The efficiency of any engine cannot exceed that of the 

respective ideal engine, i.e., the Carnot engine.

Ø Heat added to a system via a quasistatic reversible 

process and normalized to temperature is 

equal to entropy change.

Ø In a closed system entropy never decreases:

For reversible processes it remains constant,

for irreversible processes it increases.

Ø Entropy is a measure of disorder.

To remember!
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