
UNIT II – CHAPTER II

SECOND LAW OF THERMODYNAMICS

By

Dr Namrata Jain

Associate Professor 

Dept of Physics

M.D. College



Introduction

First law is 
based on 
conservation 
of energy

It established 
the concept of 

Internal 
energy

It is observed 
that 

spontaneous 
process is uni
directional.

No answer for 
the direction of 
heat flow

In order to get 
an answer for 
Heat flow 
second law is 
established

Second law explains 
existence of arbitrary 
state of a new single 
valued function called 
Entropy

Experimentally it is observed 
that no heat can be converted 
into work without rejecting 
heat , also it is necessary to 
have cyclic process to convert 
Heat into work . Q W

Also – unidirectional for 
natural process



Statements of Second law of thermodynamics
• Main concept

• No heat engine has ever been developed that converts heat extracted from one reservoir 
into the work completely without rejecting any heat at lower temperature

1. Lord Kelvin Statement
It is impossible to get a continuous supply of work from a body by cooling it to a 
temperature lower than that of its surrounding

2. Planck statement
It is impossible to construct an engine working in a complete cycle, will produce no effect 

other than raising weight and the exchange of heat with single reservoir.

3. Kelvin’s Planck statement 

It is impossible to construct an engine working in a complete cycle, has a sole 

effect of  extracting heat from the reservoir and performing an equivalent amount 

of work.

4. Clausius statement

It is impossible for self acting machine working in a complete cycle, unaided by   

external agency to transfer heat from a cold body to hot body.

Heat can not transfer from cold body to hot body spontaneously.



Effects of explanation of statements
From above statements, Heat can be transferred from cold body to hot 

body under certain conditions. These effects can not be produced in 
cyclic process.

Alternate way of statements 3 and 4 – It is impossible to convert heat 
from a given temperature and convert into work unless heat is rejected 
at lower temp. or any other compensating changes occur.

Heat can not be transfer heat from cold body to hot body without the 
expenditure of mechanical work.

Nature of compensating changes can be of any kind. Examples –
change in composition, change in volume, etc. but these compensation 
do not occur in cyclic processes.

A cyclic device would extract heat from a single reservoir and 
converts it into work completely but such device is called perpetual 
machine of second kind . It should not violate first law of 
thermodynamics



Equivalence of Kelvin-Planck and Clausius statements
• The equivalence between Kelvin-Planck and Clausius statements implies that if one 

statement is not true (false) then other statement is also not true (false).

• A] To prove this , let us first consider that Clausius statement is violated. This means    that In a 

hypothetical refrigerator R, heat Q2 is transferred from cold reservoir at T2 to hot reservoir at T1

without any external work done on the refrigerator. Let this is as shown in fig.1  and fig.2 below

•

Fig.1 –R violates Clausius statement                               Fig.2 – The composite engine violates

but E does not violate the law                                            Kelvin-Plank statement.
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Continued….

• Let E working in cycle between same reservoir draw an amount of 

heat Q1 from hot reservoir, rejects heat Q2 to low temperature and 

performs work done W= Q1 – Q2 in one cycle.

Now let composite engine is formed by joining R and E so that they will 
act together.

The composite engine C is as shown in fig2. It draws heat Q1 – Q2 from 
hot reservoir and converts completely into work done without rejecting 
any heat

Such an engine violates Kelvin-Planck statement

So It is proved that if Clasius statement is false then Kelvin –Planck 
statement is also false.



B] Kelvin –Planck  statement– False Clasius statement 

• 1. Assume Kelvin –Planck statement is false – Let an engine E absorbs 
heat Q1 and converts completely into work without rejecting any heat to 
cold reservoir. Fig 3  and Fig 4 explains the violation of clasius
statement

Fig -3 – E violates K-P statement             Fig.4 – Composite refrigerator             

R does not violate Clausius statement        R´ violates Clasius statement.
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Continued…

• Fig.3 – An Engine E absorbs heat Q1 and converts completely into 
work W which drives a refrigerator R. In this process no heat is 
rejected.

• The refrigerator R absorbs heat Q2 from cold reservoir at T2 and 
rejects heat at W+ Q2 to the hot reservoir per cycle.

• Fig.4 – Both E and R is combined and let composite engine is a 
refrigerator R´ . It is observed that R´ absorbs heat Q2 and rejects 
same heat Q2 at hot reservoir without any external work done. This 
violates Clasius statement.

• So If Kelvin-Planck statement is false then Clasius statement is also 
false.



Carnot’s Theorems 

• Two conclusions from second law of thermodynamics that lead to two 
theorems called Carnot’s theorems.

• 1. No engine can be more efficient than a perfectly reversible engine 
working between same two temperatures. – Carnot’s first theorem

• 2. The efficiency of all reversible engines working between the same 
two temperatures is same, whatever be the working substance. –
Carnot’ s second theorem

• Carnot’s first theorem proof –

• Consider two engines Reversible (R) and Irreversible (I) working 
between two temperatures say T1 and T2 where T1 > T2 as shown in 

fig (5). Let efficiency of R – η =
𝑊

𝑄1
and Let efficiency of I – η´= 

𝑊

𝑄1
′

• Let η´ > η.  This implies 
𝑊

𝑄1
′ >

𝑊

𝑄1
so this gives Q1 > Q’1



Fig. 5
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• Fig. 6

Now  consider I and R couples such that I drives R such that I absorbs 

heat Q’1 and rejects heat Q’2 and R takes heat Q2 and rejects heat at high 

temp Q1 without any work done. Heat  gain by the source at T1 -- Q1- Q’1

And Heat lost by sink at T2 – Q2- Q’2 without any work done . This is in 

contrast to second law of thermodynamics so assumption η´ > η is wrong

η´ < η - Carnot first 

theorem proved 
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Fig. 7

Carnot’s Second theorem : The efficiency of all reversible engines working 

between the same two temperatures is same, whatever be the working 

substance.

To explain 1. – consider two reversible engines as shown in 

fig (7) and R1 and R2 as given below. Heat absorbed by R1 -

Q1  for R2 – Q’1  and Heat rejected is Q’1

And Q’2 respectively. 

Both are performing same work done W. 

Let efficiency of R1 – η =
𝑊

𝑄1
and Let efficiency of R2 – η´= 

𝑊

𝑄1
′ Let η´ > η.  This implies 

𝑊

𝑄1
′

>
𝑊

𝑄1
so this gives Q1 > Q’1 .Also W = Q1 – Q2 = Q’1 – Q’2 this means Q2 > Q’2
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Now let both reversible engines are coupled together as shown in Fig (8)

Let R1 is a normal heat engine and let work extracted from it 

is used to drive R2 which is reversed i.e. it now acts as 

refrigerator.

Total output work in the cycle is zero.

R2 absorbs heat Q’2 from sink and rejects heat Q’1

So loss of heat of the sink Q’2 – Q2 >0 

Gain of heat of the source Q’1 – Q1 >0 implies that coupled 

engine is able to transfer heat from cold reservoir to hot 

reservoir without any  external work done on it. 

This is in contrast to Clasius statement of second law of 

thermodynamics. So η´ > η is not true . 

We can also show that η´ < η is also not true by considering similar arguments.

Hence η´ = η for two reversible engines working between 

two same temperatures. – Carnot second theorem is proved



Absolute scale of temperature (Kelvin scale)

The temperature scale in common use arbitrarily defined two fixed 
points using the property of substance.

The distance between two points are called as thermodynamic interval 
which is then suitably into degrees again in arbitrary fashion.

Kelvin thought of a scale which is independent of the properties of 
substance. This scale is called as absolute scale of temperature. 

It is a result of efficiency of a perfectly reversible engine which is 
independent of properties of substance and depends only on 
temperatures of source and sink.

Scale principle of thermometry is replaced by calorimetry i.e. heat 
absorbed from source and rejected to sink makes it possible to define 
ratio of two temperatures. To get an idea we consider Carnot engine.



Derivation 

• Consider Carnot reversible engine we have, Let a reversible engine 
absorbs heat Q1 at θ1 and  rejects heat Q2 at θ2 (θ1 – source 
temperature and θ2 – sink temperature) so we can write efficiency as 
given below

• 𝜂 =
𝑄1−𝑄2

𝑄1
= 𝑓(𝜃1, 𝜃2)----(1) This implies 1 −

𝑄2

𝑄1
= 𝑓(𝜃1, 𝜃2)

•
𝑄2

𝑄1
= 1 − 𝑓(𝜃1, 𝜃2) or 

𝑄1

𝑄2
=

1

1−𝑓(𝜃1,𝜃2)
= 𝐹(𝜃1, 𝜃2)

•
𝑄1

𝑄2
= 𝐹(𝜃1, 𝜃2)---(2) similarly If another engine is working between 

two temperatures θ1 and θ3 we have  
𝑄1

𝑄3
= 𝐹(𝜃1, 𝜃3) ---(3)

• Let us write  
𝑄1

𝑄3
=

𝑄1

𝑄2
×

𝑄2

𝑄3
= 𝐹(𝜃1, 𝜃2) × 𝐹(𝜃2, 𝜃3) -----(4)

• Consider now 𝐹(𝜃1, 𝜃3) = 𝐹(𝜃1, 𝜃2) × 𝐹(𝜃2, 𝜃3)----- (5)

• Taking log of LHS and RHS of Eq. (5) 



Continued…

• 𝐹(𝜃1, 𝜃3) = 𝐹(𝜃1, 𝜃2) × 𝐹(𝜃2, 𝜃3)----- (5)Taking log of LHS and RHS of Eq. 
(5) 𝑙𝑛𝐹(𝜃1, 𝜃3) = ln𝐹 𝜃1, 𝜃2 + 𝑙𝑛𝐹(𝜃2, 𝜃3) ----- (6)

• Differentiating above equation with respect to θ1 .

•
𝛿𝑙𝑛𝐹(𝜃1,𝜃3)

𝛿𝜃1
=
δln𝐹 𝜃1,𝜃2

𝛿𝜃1
. Now differentiate it again with respect to θ3

• We get 
𝛿2𝑙𝑛𝐹(𝜃1,𝜃3)

𝛿𝜃1𝛿𝜃3
=
δ2ln𝐹 𝜃1,𝜃2

𝛿𝜃1𝛿𝜃3
= 0 so let us integrate this equation with respect 

to θ1 and θ3 we get 𝑙𝑛𝐹(𝜃1, 𝜃3) = 𝑓 𝜃1 + 𝑓(𝜃3) (constant functions)

• 𝐹(𝜃1, 𝜃3) = 𝑒𝑓 𝜃1 𝑒𝑓(𝜃3)= 𝜓 𝜃1 𝜙(𝜃3)

• 𝜓 𝜃1 𝜙(𝜃3)= 𝜓 𝜃1 𝜙(𝜃2)𝜓 𝜃2 𝜙(𝜃3) so we have 𝜙 𝜃2 =
1

𝜓 𝜃2

• ⸫ 𝐹(𝜃1, 𝜃2)= 𝜓 𝜃1 𝜙 𝜃2 =
𝜓 𝜃1

𝜓 𝜃2
similarly we have 𝐹 𝜃2, 𝜃3 =

𝜓 𝜃2

𝜓 𝜃3

• and so on. From above equation we observe that 
𝜓 𝜃1

𝜓 𝜃2
is independent of 

properties of nature of and state of the working substance.



• Kelvin argued that Thermodynamic temperature can be related to empirical 
temperature as given below.

• τ =A𝜓 𝜃1 where A is a constant.

• If a reversible engine is working between two temp θ1 and θ2 such that

• θ1 > θ2 as Q1 > Q2 so we have 𝜓 𝜃1 >𝜓 𝜃2 so we can write 

•
𝑄1

𝑄2
=
𝜓 𝜃1

𝜓 𝜃2
=
𝜏1

𝜏2
. This is Kelvin scale ratio of any two temperatures is equal to 

ratio of heats of two reservoirs. 

• In order to calibrate the Kelvin scale we consider series of reversible 
engines each doing the same work W in its work in its cycle. Consider first 
engine absorbs heat Q1 at θ1 and rejects Q2 at θ2 ,second takes Q2 at θ2 and 
rejects Q3 at θ3 and so on.

• W = Q1 – Q2 = Q2 – Q3 = Q3 – Q4 = ……… 

• And 
𝑄1

𝜃1
=

𝑄2

𝜃2
=

𝑄3

𝜃3
= ⋯ so we have θ1 – θ2 = θ2 – θ3 = θ3 – θ4 = …..

• Zero of the Kelvin scale is decided 0K as η  1 but it is not >1.

• Size of the degree will considered as difference between steam point and 
triple point of water -273.16. For new scale steam point to triple point is 
divided into 100 equal parts.



Reversible and Irreversible processes
• Reversible Process – A reversible process is one which can be retraced in opposite 

direction by changing external conditions infinitesimally.

• A change is said to be reversible if it can be retraced in opposite direction such that the 
system and surroundings pass through exactly the same states as in the direct change.

• Examples – Isothermal Process, Adiabatic Process are reversible if these are carrying out 
very slowly.

• There should not be any loss of heat due to convection, radiation etc.

• The working part of engine must be free from friction.

• In any cycle and at any stage of operation, the pressure and temperature of the working 
substance must not differ appreciably from those of surrounding.

• Irreversible processes : Any change which can not be made to proceed in reverse direction 
is called as irreversible process. Dissipative effects such as friction, viscosity, inelasticity, 
electrical resistance etc are present in irreversible process. 

• All natural processes are irreversible processes.

• Examples : Diffusion of gases, Exchange of heat between two bodies.

• Rusting of Iron, transfer of electricity through resistor. 

• An irreversible process is non-static process. The system performing an irreversible 
process passes through non-equilibrium process which can not be represented by 
thermodynamic variables. 


