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Change in Entropy
One way process: process that occurs in only one direction and cannot be reversed
                           ex) heat from cocoa mug to your hands

Entropy postulate:
If an irreversible process occurs in a closed system, the entropy S of the system 
always increases, it never decreases

initial equilibrium:
  gas confined in the left half of a thermally insulated container

final equilibrium:
gas rushes to fill the entire container if the stopcock opens

∆S = Sf − Si =

∫ f

i

dQ

T

Definition of change in entropy :

SI unit of ΔS: Joule / kelvins

Change in entropy depends on Q and T during the process

(we cannot integrate above for the free expansion as it is not in 
thermal equilibrium during the expansion)
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Change in Entropy
Reversible isothermal expansion:

By placing enough lead shot on the movable piston we change state 
without changing T

∆S = Sf − Si =
1

T

∫ f

i

dQ

∆S = Sf − Si =
Q

T

To find the entropy change for an irreversible process, replace that 
process with any reversible process that connects the same initial 
and final states
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Change in Entropy
Entropy as a State Function

To make a process reversible with ideal gas, it is done slowly in a series of small 
steps (equilibrium state)

: first law of thermodynamics in differential form

dEint = dQ − dW

dW = p dV dEint = nCV dT

pV = nRT

∆S = Sf − Si = nR ln
Vf

V i
+ nCV ln

Tf

Ti

dQ

T
= nR

dV

V
+ nCV

dT

T

∫ f

i

dQ

T
=

∫ f

i

nR
dV

V
+

∫ f

i

nCV
dT

T

Since and

dQ = p dV + nCV dTwe get

using ideal gas law

integrating each term
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The Second Law of Thermodynamics
If a process occurs in a closed system, the entropy of the system increases for 
irreversible processes and remains constant for reversible processes. It never 
decreases

∆S ≥ 0 (second law of thermodynamics)

A heat engine: a device that extract energy from its environment in the form of heat
                     ex) steam engine, automobile engine

In an ideal engine, all processes are reversible and no wasteful energy transfers occur 
due to friction and turbulence

|QH| : absorbed energy from a thermal reservoir

A Carnot engine: most efficient ideal engine

|QL| : discharged energy from the engine
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Entropy in the Real World: Engines

The cycle is in clockwise direction

p-V plot of the Carnot cycle

heat |QH| is transfered (isothermal expansion from a to b)

heat |QL| is transfered (isothermal expansion from c to d)

processes bc and da are reversible adabatic processes

for consecutive processes ab and bc : positive work is 
done by gas

for consecutive processes cd and da : negative work is 
done by gas

The net work per cycle is represented by W in the figure

W = |QH |− |QL|
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T-S plot of the Carnot cycle

Let’s consider T-S plot to discuss the 
entropy change:

∆S = ∆SH + ∆SL =
|QH |

TH

−
|QL|

TL

since the entropy is a state function, 
ΔS is zero for a complete cycle

|QH |

TH

=

|QL|

TL

putting ΔS = 0, we get

Entropy in the Real World: Engines
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Efficiency of a Carnot Engine

thermal efficiency : work the engine does per cycle divided by the energy it absorbs as 
heat per cycle

|QH |

TH

=

|QL|

TL

For a Carnot engine we have

ε =
energy we get

energy we pay for
=

|W |

|QH |

εC =
|QH |− |QL|

|QH |
= 1 −

|QL|

|QH |

W = |QH |− |QL|

since εC = 1 −

TL

TH

we get

perfect engine: QL = 0

but there are no perfect engines

Entropy in the Real World: Engines
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Stirling Engine

: two isotherms are connected by constant-volume 
processes (bc and da)

Entropy in the Real World: Engines

process da : transfer of energy as heat to the 
engine is required  

process bc : transfer of energy as heat from the 
engine to the thermal reservoir is required  

the efficiency of an ideal Stirling engine is lower 
than that of a Carnot engine
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A refrigerator: a device that uses work to transfer energy from a low-temperature 
reservoir to a high-temperature reservoir

Entropy in the Real World: Refrigerators

ideal refrigerator: In an ideal refrigerator, all processes are reversible and no wasteful 
energy transfers occur due to, say, friction and turbulence

We all such an ideal refrigerator a Carnot refrigerator

: a measure of the efficiency of a refrigerator

K =
what we want

what we pay for
=

|QL|

|W |

K is called the coefficient of performance

For Carnot refrigerator (=Carnot engine operating in reverse),

KC =

|QL|

|QH |− |QL|
or KC =

TL

TH − TL
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Entropy in the Real World: Refrigerators
perfect refrigerator : transfers heat Q from a cold reservoir to a warm 
reservoir without the need for work

The entropy of the working substance does not change 
during a complete cycle

The entropies of the two reservoirs do change:

For the cold reservoir : -|Q|/TL

the net entropy change for the entire system

For the warm reservoir : |Q|/TH

∆S = −
|Q|

TL

+
|Q|

TH

TH > TLsince so the net entropy change is negative

violation of the 2nd law of thermodynamics and 
perfect refrigerator does not exist
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The Efficiencies of Real Engines

Let us assume that an engine X has efficiency εX claimed to be :  

Let us couple X to a Carnot refrigerator
: no external work is performed on or by the 
combination engine + refrigerator

εX > εC

εX > εCIf                         holds

|W |

|Q′

H
|

>
|W |

|QH |
|QH | > |Q′

H |

From the first law of thermodynamics:

|QH |− |QL| = |Q′

H |− |Q′

L| |QH |− |Q′

H | = |QL|− |Q′

L| = Q

so Q must be positive (                      )|QH | > |Q′

H |

The net effect of X and Carnot refrigerator: acts like the perfect refrigerator

so the assumption is wrong (perfect refrigerator cannot exist)
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A Statistical View of Entropy

The macroscopic properties of gases can be 
explained in terms of their microscopic behavior: 
statistical mechanics 

suppose we have N molecules and there are n1 of 

them in the left and n2 in the right half

The possible multiplicity (W) of such configuration is:

W =
N !

n1! n2!

where we assume all microstates are equally probable

probability and entropy

S = k lnW
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Summary
Entropy change: ∆S = Sf − Si =

∫ f

i

dQ

T

∆S = Sf − Si = nR ln
Vf

V i
+ nCV ln

Tf

Ti

Entropy change of 
reversible ideal gas

∆S ≥ 0
Second law of 
thermodynamics:

S = k lnW
Boltzmann’s entropy 
equation:


