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Work can always be converted to heat
directly and completely, but the reverse is not true.
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satisfying the first law alone does not ensure that the process will actually take place.
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Limitation of First Law

• The First law allows us to calculate the energy changes, but it 
does not places no restriction on the direction of a process

• Satisfying the first law does not ensure that the process can 
actually occur.

• The reverse processes discussed in the previous slide violate the 
second law of thermodynamics. This violation is easily detected 
with the help of a property, called entropy

• A process cannot occur unless it satisfies both the first 
and the second laws of thermodynamics
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Bodies with relatively large thermal
masses can be modeled as thermal
energy reservoirs. A source supplies energy in the 

form of heat, and a sink absorbs it.

Heat Source and Sink
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Part of the heat received by a heat 
engine is converted to work, while 
the rest is rejected to a sink.

Schematic of a steam power plant.

Heat Engine

18-Aug-2011   M Subramanian

www.m
subbu.in



Heat Engine

• In the operation of a heat engine, heat is converted to work. In 
the process of doing work, heat is absorbed from a hot body and 
a part of it is transferred to a cold body.

• The efficiency of such an engine is,

η = Work done/ Heat absorbed = W/Q
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Some heat engines perform better than others (convert more 
of the heat they receive to work).

18-Aug-2011   M Subramanian

www.m
subbu.in



A heat-engine cycle cannot be completed without rejecting 
some heat to a low-temperature sink.
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Efficiency of Heat Engines

• Ordinary spark-ignition automobile engines have a thermal 
efficiency of about 25 percent. That is, an automobile engine 
converts about 25 percent of the chemical energy of the gasoline 
to mechanical work. This number is as high as 40 percent for 
diesel engines and large gas-turbine plants and as high as 60 
percent for large combined gas-steam power plants. 

• Thus, even with the most efficient heat engines available today, 
almost one-half of the energy supplied ends up in the rivers, 
lakes, or the atmosphere as waste or useless energy
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The objective of a refrigerator is to
remove QL from the cooled space.

Refrigerator
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Heat Pump

The objective of a heat pump is to
supply heat QH into the warmer space.
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Statements of Second Law

• All spontaneous processes are, to some extent, irreversible and 
are accompanied by degradation of energy

• Every system, when left to itself, will on the average, change 
toward a system of maximum probability

• The two most common statements:

– Clausius

– Kelvin-Planck
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It is impossible to construct a device which operates in a cycle and whose 
sole effect is to transfer heat from a cooler body to a hotter body.

Clausius statement

A refrigerator that violates the
Clausius statement of the second law.
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Kelvin-Planck Statement

It is impossible for any system to operate in a thermodynamic cycle and 
deliver a net amount of energy by work to its surroundings while receiving 
energy by heat transfer from a single thermal reservoir.

A heat engine that violates the
Kelvin-Planck statement of the second law.
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Proof that the violation of the Kelvin–Planck statement leads to the
violation of the Clausius statement. 

Equivalence of Clausius and Kelvin-Planck Statements
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Perpetual-motion machine which violates 
first law

This system is creating energy at a rate of Q.
out, + W.

net,out, which is clearly a 
violation of the first law.
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Perpetual-motion machine which violates 
second law

It satisfies the first law but violates the second law, and therefore it will not work.
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Carnot Engine using an Ideal Gas
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Four Steps in the Carnot’s Engine

S.N
o

Step Process Heat 
Gained

Heat 
Lost

Work 
done by 

gas

Work 
done on 

gas

1 a � b (1) Reversible 
isothermal expansion

Va to Vb at TH

QH - -W1 -

2 b � c (2) Reversible 
adiabatic expansion

Vb to Vc

0 0 -W2 -

3 c � d (3) Reversible 
isothermal 

compression

Vc to Vd at TL

0 -QL - W3

4 d � a (4) Reversible 
adiabatic compression

Vd to Va

0 0 0 W4
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Efficiency of Carnot Engine
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The area enclosed by a reversible cyclic process can 
be approximated by the zig-zag closed path of the 
isothermal and adiabatic lines of many small Carnot 
cycles.
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What did Carnot cycle say?

• dq/T is a state function

• That is dS!!

• dq/T = dS or dq = TdS

• No, not for all dq, but for dqrev
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Entropy change during heat transfer
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Heat transfer between two different temperatures can be carried 
out in a reversible way by using a reversible heat engine or heat 
pump.  In this case, however, a part of the transferring
heat converts into work or a part of the transferring heat is 
created by work.
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Carnot’s Principles

1. The efficiency of an irreversible 
heat engine is always less than 
the efficiency of a reversible one 
operating between the same two 
reservoirs.

2. The efficiencies of all reversible 
heat engines operating between 
the same two reservoirs are the 
same.
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No heat engine can have a higher efficiency than a reversible heat engine 
operating between the same high- and low-temperature reservoirs.
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No refrigerator can have a higher COP than a reversible 
refrigerator operating between the same temperature limits.
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Where ∆s is the entropy of the 
body supplying the energy as 
heat. 

Available and Unavailable Energy
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Quantity and Quality

• It is tempting to judge things on the basis of their quantity 
instead of their quality since assessing quality is much more 
difficult than assessing quantity. However, assessments made on 
the basis of quantity only (the first law) may be grossly 
inadequate and misleading.
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Developing Thermodynamic Temperature Scale

To satisfy the above,
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Uses of Second Law

• Second law helps us to find the maximum possible efficiency of 
heat engines, and coefficient of performances of refrigeration 
systems and heat pumps

• The second law of thermodynamics helps us to identifying the 
direction of processes. 

• The second law also asserts that energy has quality as well as 
quantity, whereas, the first law is concerned with the quantity of 
energy and the transformations of energy from one form to 
another with no regard to its quality.
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Ott - Chemical Thermodynamics Principles and Applications.pdf
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