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It is known that

(In place of H , Q can also be 

taken)

So for irreversible process
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Step 1 : Isotherm expansion – AB path (PV plot), Total heat 

change during path AB will be heat absorbed i.e. H1 (Q1) at T1 , 

so, 

S =  𝑨
𝑩
𝒅𝒔= SB – SA = 𝑨

𝑩 𝜹𝑯

𝑻𝟏
=

𝑯𝟏

𝑻𝟏
. Since temperature T1 is 

constant while there is change in entropy, Hence In T- S plot , 

this is shown as A´B´ path which is parallel to entropy axis.

Step2: Adiabatic expansion : Path BC (PV plot)

H=0 (no heat change) so there is no change in entropy. 

Entropy is SB for this path. But Temperature is changed from 

T1 to T2 so In T-S plot it is shown as B´C´ which is parallel to T-

axis.

Step 3 : Isothermal compression : Path CD again, Heat rejected 

is H2 , so we have 

 𝑪
𝑫
𝒅𝒔= SD – SC = 𝑨

𝑩 𝜹𝑯

𝑻𝟐
=

𝑯𝟐

𝑻𝟐
But SD = SA and SC = SB , ⸫ SA – SB

= 
𝑯𝟐

𝑻𝟐
or (-S) =

𝑯𝟐

𝑻𝟐
. we have path C´D´ parallel to entropy axis 

as shown in fig. 

Step 4 : Adiabatic compression –path DA(PV plot)

Applying similar argument in step 2 we have path D´A´ parallel 

to temp. axis in T-S plot. Here entropy is SA but temperature 

change is from T2 to T1 .

Rectangle
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(Area of rectangle = s  (T1-T2) = work done)

m

2. Calculation of entropy change for Heat transfer
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TdS
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rewritten as

)=R

=(CV +R)

V
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Entropy and disorder

In all practical heat engine , there is loss of heat due to radiation, conduction or 
due to friction.

𝑄1

𝑇1
can never be equal to 

𝑄2

𝑇2
.      

𝑄1

𝑇1
-
𝑄2

𝑇2
≥ 0 .   

It is also known that entropy of the universe always increases.

When it reaches to maximum value , no work is done.

With the increase of entropy, disorder of molecules increases.

If W is the disorder parameter called as thermodynamic probability and if k is 
Boltzmann constant, then disorderliness can be evaluated as  

𝑆 𝑇 = 𝑘𝑙𝑛𝑊(𝑇) . This relation is also called as Boltzmann’s law.
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Entropy and unavailable energy
According to Kelvin –Planck , no device can convert heat into work completely without 
rejecting heat to sink. 

Efficiency is given by, 𝜂 = 1 −
𝑄2

𝑄1
or 1 −

𝑇2

𝑇1
. 

If 𝑇2 is 0C then efficiency is maximum W = Q (if no heat is rejected), This W = Wmax and 

so 𝜂𝑚𝑎𝑥 =
𝑊𝑚𝑎𝑥

𝑄
, Wmax =Q ηmax =Q(1 −

𝑇0

𝑇1
)

Now we compare two engines having source at different temperatures then Let first engine 
has source temperature 𝑇1 and another one - 𝑇2 and let both reject heat at 𝑇𝑜 . Then Wmax for 

first engine – W1 = Q(1 −
𝑇0

𝑇1
)

And for second engine W2 = Q(1 −
𝑇0

𝑇2
), Let W1  > W2 so let unavailable energy is

E = W1  - W2 = Q(1 −
𝑇0

𝑇1
)- Q 1 −

𝑇0

𝑇2
= 𝑄

𝑇0

𝑇1
−

𝑇0

𝑇2
= 𝑇0

𝑄

𝑇1
−

𝑄

𝑇2
= 𝑇0 𝑆1 − 𝑆2 = 𝑇0∆𝑆.

E is greater than zero because ∆𝑆 > 0  so unavailable energy always increases.
1/19/2023 10


