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UNIT- 1 
Basic Concepts of Thermodynamics

Thermodynamics

It is the branch of science that deals with energy interactions and its effects on the system and surroundings

Energy

It can measured as the ability to effect changes in the system

System

It is fixed mass or a fixed region in space where our study is focussed

Surroundings

Everything except the system is called surroundings.
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Boundary

A real or imaginary surface that separates the system from the surroundings. Boundary can 

be fixed or moveable.
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Types of Systems:

1. Closed system: Exchange energy not mass with surroundings

2. Open system : Exchange energy and mass with surroundings

3. Isolated system: Does not exchange energy as well mass
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Property

Any characteristics of the system is called property of the system.

Intensive properties: Independent of mass of the system under study such as density, 

temperature and all specific properties.

Extensive properties: Dependent on mass of the system under consideration such as 

volume, energy, enthalpy etc.

Salient features of Property

• Point function

• Exact differential

• Independent of past history
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State, Process and Path

The condition of the system is called state of the system. State depends on properties and change in even one property changes the 
state of the system.

The change in the state of the system is called process. 

The infinite states of the system through which the system passes to reach the final state is called process path.

5

Every system has certain characteristics by which its physical condition may be described, e.g., volume, temperature, pressure, etc.

Such characteristics are called properties of the system. These are all macroscopic in nature. When all the properties of a system

have definite values, the system is said to exist at a definite state. Properties are the coordinates to describe the state of a system.

They are the state variables of the system. Any operation in which one or more of the properties of a system changes is called a

change of state. The succession of states passed through during a change of state is called the path of the change of state. When

the path is completely specified, the change of state is called a process, e.g., a constant pressure process.

A thermodynamic cycle is defined as a series of state changes such that the final state is identical with the initial state.
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Process:

• Quasistatic  ( very slow—represented by solid line) 

• Non-quasistatic ( Not slow- dashed line) 

• Reversible ( can be reversed through the same path without leaving any effect on system 

and surroundings). A quasistatic process is always reversible however vice versa is not true. 

• Irreversible process

6
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HOMOGENEOUS AND HETEROGENEOUS SYSTEMS

A quantity of matter homogeneous throughout in chemical composition and physical structure is 

called a phase. Every substance can exist in any one of the three phases, viz., solid, liquid and gas. 

A system consisting of a single phase is called a homogeneous system, while a system consisting 

of more than one phase is known as a heterogeneous system.
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THERMODYNAMIC EQUILIBRIUM

A system is said to exist in a state of thermodynamic euilibrium when no change in any macroscopic property is registered, if the system is isolated from its surroundings. An 

isolated system always reaches in course of time a state of thermodynamic equilibrium and can never depart from it spontaneously. Therefore, there can be no 

spontaneous change in any macroscopic property if the system exists in an equilibrium state. Thermodynamics studies mainly the properties of physical systems that are 

found in equilibrium states. A system will be in a state of thermodynamic equilibrium, if the conditions for the following three types of equilibrium are satisfied:

(a) Mechanical equilibrium

(b) Chemical equilibrium 

(c) Thermal equilibrium

(d) Phase Equilibrium

In the absence of any unbalanced force within the system itself and also between the system and the surroundings, the system is said to be in a state of mechanical 

equilibrium. If an unbalanced force exists, either the system alone or both the system and the surroundings will undergo a change of state till mechanical equilibrium is 

attained.

If there is no chemical reaction or transfer of matter from one part of the system to another, such as diffusion or solution, the system is said to exist in a state of chemical 

equilibrium. When a system existing in mechanical and chemical equilibrium is separated from its surroundings by a diathermic wall (diathermic means which allows heat to 

flow’) and if there is no spontaneous change in any property of the system, the system is said to exist in a state of thermal equilibrium. When this is not satisfied,

the system will undergo a change of state till thermal equilibrium is restored.

Unit -1
Basic Concepts of Thermodynamics
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ZEROTH LAW OF THERMODYNAMICS

When a body A is in thermal equilibrium with a body B, and also separately with a body C, then B and C will be in thermal 

equilibrium with each other. It is the basis of temperature measurement.
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DIFFERENT FORMS OF STORED ENERGY

The symbol E refers to the total energy stored 
in a system. Basically there are two modes in 
which energy
may be stored in a system:
(a) Macroscopic energy mode
(b) Microscopic energy mode

The macroscopic energy mode includes the 
macroscopic kinetic energy and potential 
energy of a system.

The microscopic energy mode refers to the 
energy stored in the molecular and atomic 
structure of the system, which is called the 
molecular internal energy or simply internal 
energy, customarily denoted by the symbol 
U. 
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• The sum of translational, vibrational, and rotational energies of molecules is the kinetic energy of molecules, and it is also 

called the sensible energy. At higher temperatures, system will have higher sensible energy.

•

Internal energy associated with the phase of a system is called latent heat. The intermolecular forces are strongest in 

solids and weakest in gases.

•

The internal energy associated with the atomic bonds in a molecule is called chemical or bond energy. 

• The tremendous amount of energy associated with the bonds within the nucleolus of atom itself is called atomic energy
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Energy interactions 
A closed system and its surroundings can interact in two ways: 
(a) by work transfer 
(b) by heat transfer. 

The work is done by a force as it acts upon a body moving in the direction of the force.
In thermodynamics, work transfer is considered as occurring between the system and the surroundings. Work is said to be done by 
a system if the sole effect on things external to the system can be reduced to the raising of a weight. The weight may not actually be 
raised, but the net effect external to the system would be the raising of a weight. 

12
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Work

When work is done by a system, it is arbitrarily taken to be positive, and when work is done on a system, it is taken to be negative. The symbol W is used for 

work transfer.

pdV–WORK OR DISPLACEMENT WORK

Let the gas in the cylinder be a system having initially the pressure p1 and volume V1. The system is in thermodynamic equilibrium, the

state of which is described by the coordinates p1, V1. The piston is the only

boundary which moves due to gas pressure. Let the piston move out to

a new final position 2, which is also a thermodynamic equilibrium state

specified by pressure p2 and volume V2. At any intermediate point in the

travel of the piston, let the pressure be p and the volume V. This must also

be an equilibrium state, since macroscopic properties p and

V are significant only for equilibrium states. When the piston

moves an infinitesimal distance dl, and if a’ be the area of

the piston, the force F acting on the piston F = p.a. and the

infinitesimal amount of work done by the gas on the piston

13

Unit-I
First Law of Thermodynamics

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



where dV = adl = infinitesimal displacement volume. The differential sign in dW
with the line drawn at the top of it will be explained later. When the piston moves 
out from position 1 to position 2 with the volume changing from V1 to V2, the 
amount of work W done by the system will be

The magnitude of the work done is given by the area under the curve 1–2, as shown in 
Fig. Since p is at all times a thermodynamic coordinate, all the states passed through by 
the system as the volume changes from V1 to V2 must be equilibrium states, and the path 
1–2 must be quasi static. The piston moves infinitely slowly so that every state passed 
through is an equilibrium state. The integration ∫ pdV can be performed only on a quasi 
static path.

14
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area under each curve represents the work for each process, the amount of 
work involved in each case is not a function of the end states of the process, and 
it depends on the path the system follows in going from state 1 to state 2. For 
this reason, work is called a path function, and d W is an inexact or imperfect 
differential. Thermodynamic properties are point functions, since for a given 
state, there is a definite value for each property. The change in a thermodynamic 
property of a system in a change of state is independent of the path the system 
follows during the change of state, and depends only on the initial and final 
states of the system. The differentials of point functions are exact or perfect 
differentials, and the integration is simply

Path Function and Point Function

With reference to Fig. 3.6, it is possible to take a system from state 1
to state 2 along many quasi-static paths, such as A, B or C. Since the

The change in volume thus depends only on the end states of the system 
irrespective of the path the system follows. On the other hand, work done in 
a quasi-static process between two given states depends on the path 
followed. 15
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2. Constant Volume process ( Isochoric)

pdV-Work in Various Quasi-Static Processes

1. Constant Pressure process ( Isobaric)
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3. Process in which pV = C

17

Unit-I
First Law of Thermodynamics

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



4. Process in which                   where n is a constant
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Realizations of different processes
1. Isochoric: Container boundaries are fixed
2. Isobaric:  Piston is free to move and external force remains constant
3. Isothermal Process : Infinitely slow process ( Phase change)
4. Adiabatic Process: Very fast or insulated container at slow pace
5. Polytropic Process: All practical processes .
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Free expansion Process
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Free expansion Process
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Free expansion Process
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Heat Transfer

Heat is defined as the form of energy that is transferred across a boundary by virtue of a temperature difference. The 

temperature difference is the potential or force.

The transfer of heat between two bodies in direct contact is called conduction. Heat may be transferred between two bodies 

separated by empty space or gases by the mechanism of radiation through electromagnetic waves. A third method of heat 

transfer is convection which refers to the transfer of heat between a wall and a fluid system in motion. The direction of heat 

transfer is taken from the high temperature system to the low temperature system. Heat flow into a system is taken to be 

positive, and heat flow out of a system is taken as negative 

23
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Heat is a form of energy in transit (like work transfer). It is a boundary phenomenon, since it occurs only at the 

boundary of a system. Energy transfer by virtue of temperature difference only is called heat transfer. All other energy 

interactions may be termed as work transfer. Heat is not that which inevitably causes a temperature rise. When heat is 

transferred to an ice-and-water mixture, the temperature does not rise until all the ice has melted. When a 

temperature rise in a system occurs, it may not be due to heat transfer, since a temperature rise may be caused by 

work transfer also. Heat, like work, is not a conserved quantity, and is not a property of a system. A process in which no 

heat crosses the boundary of the system is called an adiabatic process. Thus, an adiabatic process is one in which there 

is only work interaction between the system and its surroundings.

24
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Q ∝ 𝑚

Q ∝ ∆𝑇 →       𝑄 = 𝑚𝑐∆𝑇    𝑤ℎ𝑒𝑟𝑒 𝑐 𝑖𝑠 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡.

Hence specific heat is the heat required to raise the temperature of body of 1kg substance by 1 unit (degree C or K)

There are two types of specific heats

Cv = specific heat at constant volume and Cp= specific heat at constant pressure

Cp is greater than Cv because Cp is consumed in raising the internal energy as well as doing some work whereas Cv is 

used only to raise the internal energy.

𝛾 =
஼௣

஼௩
also

𝐶𝑝 − 𝐶𝑣 = 𝑅----- Meyer’s Equation
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Ideal Gas

A hypothetical gas which obeys the law 𝑃𝑉ത = 𝑅ത 𝑇 at all pressures and temperatures is called an ideal gas.

Real gases do not conform to this equation of state with complete accuracy.

Assumptions:

1. Intermolecular forces are negligible

2. Volume occupied by the gas molecules is very small as compared to the container volume

Low Pressure: At low pressure molecules are less in specific volume.

High Temperature: At high temp. the particles have high energy and they are able to overcome the 

effect of inter    molecules attractive forces

27
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Ideal Gas

Note: 

All the gases that are gases under normal conditions will be considered as 

ideal gases. Water vapours in air will always be considered as ideal gas unless 

mentioned. Steam should never be considered as an ideal gas unless 

mentioned because of high pressure.
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Since 𝑉ത= V/n, where V is the total volume and n the number of moles of the gas, the equation of state for
an ideal gas may be written as

𝑅ത is the universal gas constant.

29
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The transfer of heat and the performance of work may both cause the same effect in a system. Heat and work are different 

forms of the same entity, called energy, which is conserved. Energy which enters a system as heat may leave the system as 

work, or energy which enters the system as work may leave as heat.

First law of Thermodynamics

30
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Let there be change in the state of the system during which heat and work both are transferred. The net energy 
transfer is stored in the system. If 
Q= Heat transferred
W= work transferred

Here Q, W, and ΔE are all expressed in the same units as 
Joules

31

The first law of thermodynamics states
that heat is a form of energy, and
thermodynamic processes are,
therefore, subject to the principle of
conservation of energy. This means
that heat energy cannot be created or
destroyed. It can, however, be
transferred from one location to
another and converted to and from
other forms of energy.
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32

Perpetual MotionMachine of First Kind (PMM1)
It is impossible to construct a machine that can continuously supply mechanical work
without consuming any energy simultaneously. Such a hypothetical machine is known
as the perpetual motion machine of the first kind. These types of machines violate the
1st law of thermodynamics and do not exist in reality.
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1. Heat transfer – path function

There are two cyclic processes 
1-a-2-b-1 and 1-a-2-c-1
according to first law of thermodynamics 
For a cyclic process total heat transfer is equal to total work transfer
Hence
∆𝑄ଵ௔ଶ + ∆𝑄ଶ௕ଵ = ∆𝑊ଵ௔ଶ + ∆𝑊ଶ௕ଵ

∆𝑄ଵ௔ଶ + ∆𝑄ଶ௖ଵ = ∆𝑊ଵ௔ଶ + ∆𝑊ଶ௖ଵ

Subtracting the two equations
∆𝑄ଶ௖ଵ − ∆𝑄ଶ௕ଵ = ∆𝑊ଶ௖ଵ − ∆𝑊ଶ௕ଵ

Since work is path function hence ∆𝑊ଶ௖ଵ − ∆𝑊ଶ௕ଵ=x

Therefore ∆𝑄ଶ௖ଵ − ∆𝑄ଶ௕ଵ=x which proves that heat transfer is a also a path 
function

Consequences of 1st Law Thermodynamics

33
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2. Energy is a property

Also

∆𝑄ଶ௖ଵ − ∆𝑄ଶ௕ଵ = ∆𝑊ଶ௖ଵ − ∆𝑊ଶ௕ଵ

After rearrangement we get

∆𝑄ଶ௖ଵ − ∆𝑊ଶ௖ଵ= ∆𝑄ଶ௕ଵ − ∆𝑊ଶ௕ଵ

Which proves that net energy stored is same irrespective of path.

It can be deduced that 
∆Q = dE +  ∆𝑊

34
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∆Q = dE +  ∆𝑊

dE = 𝑑𝑈 + ∆𝐾𝐸 + ∆𝑃𝐸
If the system is stationary and grounded
Then 

dE = 𝑑𝑈

∆Q = 𝑑U +  ∆𝑊௕ + ∆𝑊௢௧௛௘௥

If  ∆𝑊௢௧௛௘௥=0

∆Q = 𝑑U + 𝑝𝑑𝑉

35
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3. Energy of an Isolated system 

For isolated system

∆Q=0; ∆𝑊=0;

Therefore       dE=0  → Energy of isolated system is constant 

4. Enthalpy

Constant pressure process

36
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Heat Interactions during different processes

∆Q = 𝑑U +  ∆𝑊௕ + ∆𝑊௢௧௛௘௥

Constant Volume                    ∆𝑊௕=0

Therefore                        ∆Q − ∆𝑊௢௧௛௘௥ = 𝑑U 

∆Q − ∆𝑊௢௧௛௘௥= energy supplied at constant volume= ∆m𝐶௩dT

𝑑U = ∆m𝐶௩dT

37
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Energy is of Two types:

High grade energy: Organized form of energy called available energy

Low grade energy : Energy in Random order called unavailable energy

Entropy ∝ Unavailable energy

Available energy keeps on decreasing with time and unavailable energy increases with time . This implies 

entropy of the universe increases with time. 

44
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Thermal Energy Reservoir

Source: Source is a TER that can supply infinite amount of energy without any change in its temperature 

Sink: Sink is a TER that can absorb infinite amount of energy without any change in its temperature 

According to 2nd law of Thermodynamics : 

Complete conversion of low grade energy into high grade energy in a cycle is impossible

45
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The Kelvin–Planck statement: It is impossible to construct a device that will operate in a cycle and produce no 
effect other than the raising of a weight and the exchange of heat with a single reservoir. 

In effect, it states that it is impossible to construct a heat engine that
operates in a cycle, receives a given amount of heat from a high-
temperature body, and does an equal amount of work. The only
alternative is that some heat must be transferred from the working
fluid at a high- temperature to a low-temperature body. Thus, work
can be done by the transfer of heat only if there are
two temperature levels, and heat is transferred from the high-
temperature body to the heat engine and also from the heat engine
to the low-temperature body. This implies that it is impossible to
build a heat engine that has a thermal efficiency of 100%.

46
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The Clausius statement: It is impossible to construct a device that operates in a cycle and produces no 
effect other than the transfer of heat from a cooler body to a warmer body. 

This statement is related to the refrigerator or heat pump. In effect, it 
states that it is impossible to construct a refrigerator that operates 
without an input of work. This also implies that the COP is always 
less than infinity.
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Two statements are equivalent if the truth of either statement implies the truth of the other or if the violation of either 
statement implies the violation of the other.

That a violation of the Clausius statement implies a violation of the Kelvin–Planck statement may be shown. The device
shown in Fig. is a refrigerator that requires no work and thus violates the Clausius statement. Let an amount of heat Q1 be
transferred from the low-temperature reservoir to this refrigerator, and let the same amount of heat Q1 be transferred to the
high temperature reservoir. Let an amount of heat Q1 be transferred from the high-temperature reservoir to the heat engine,
and let the engine reject the amount of heat Q2 as it does an amount of work, W, that equals
Q1 – Q2. Because there is no net heat transfer to the high-temperature reservoir, the low temperature reservoir, along with
the heat engine and the refrigerator, can be considered together as a device that operates in a cycle
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The complete equivalence of these two statements is established when it is also shown 
that a violation of the Kelvin–Planck statement implies a violation of the Clausius 
statement. 
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Carnot Cycle

Figure shows a power plant that is similar in many respects to a simple steam power plant and, we assume, operates on the Carnot cycle. Consider the working
fluid to be a pure substance, such as steam. Heat is transferred from the high-temperature reservoir to the water (steam) in the boiler. For this process to be a
reversible heat transfer, the temperature of the water (steam) must be only infinitesimally lower than the temperature of the reservoir. This result also implies, since
the temperature of the reservoir remains constant, that the temperature of the water must remain constant.

Therefore, the first process in the Carnot cycle is a reversible isothermal process in which heat is transferred from the high-temperature reservoir to the working
fluid. A change of phase from liquid to vapor at constant pressure is, of course, an isothermal process for a pure substance.

The next process occurs in the turbine without heat transfer and is therefore adiabatic. Since all processes in the Carnot cycle are reversible, this must be a 
reversible adiabatic process, during which the temperature of the working fluid decreases from the temperature of the high-temperature reservoir to the temperature 
of the low-temperature reservoir. 

In the next process, heat is rejected from the working fluid to the low-temperature reservoir. This must be a reversible isothermal process in which the temperature 
of the working fluid is infinitesimally higher than that of the low-temperature reservoir. During this isothermal process some of the steam is condensed.

The final process, which completes the cycle, is a reversible adiabatic process in which the temperature of the working fluid increases from the low temperature to 
the high temperature. If this were to be done with water (steam) as the working fluid, a mixture of liquid and vapor would have to be taken from the condenser and 
compressed. (This would be very inconvenient in practice, and therefore in all power plants the working fluid is completely condensed in the condenser. The pump 
handles only the liquid phase.) .
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Carnot Cycle

Since the Carnot heat engine cycle is 
reversible, every process could be 
reversed, in which case it would become 
a refrigerator. The refrigerator is shown 
by the dotted arrows and text in 
parentheses in Fig.

1–2--- Isothermal compression, while interacting with the cold reservoir at Tc = T1 = T2 (W12 < 0) 

2–3--- Adiabatic compression up to Th (W23 < 0) 

3–4--- Isothermal expansion, while interacting with the hot reservoir at Th = T3 = T4 (W34 > 0)

4–1----Adiabatic expansion to Tc (W41 > 0).
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Carnot Cycle

The important point to be made here is that the Carnot cycle, regardless of what the working substance may be, always has the same four basic 
processes.  These processes are:

1. A reversible isothermal process in which heat is transferred to or from the high temperature reservoir.

2. A reversible adiabatic process in which the temperature of the working fluid decreases from the high temperature to the low temperature.

3. A reversible isothermal process in which heat is transferred to or from the low temperature reservoir.

4. A reversible adiabatic process in which the temperature of the working fluid increases from the low temperature to the high temperature.
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Carnot Theorem
It is impossible to construct an engine that operates between two given reservoirs and is more efficient than a reversible 
engine operating between the same two reservoirs.

Proposition I: ηany ≤ ηrev
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Let us assume that there is an irreversible engine operating between two given reservoirs that has a greater efficiency than a 
reversible engine operating between the same two reservoirs. Let the heat transfer to the irreversible engine be QH, the heat 
rejected be QL’, and the work be W IE (which equals QH – QL’), as shown in Fig. Let the reversible engine operate as a 
refrigerator (this is possible since it is reversible). Finally, let the heat transfer with the low-temperature reservoir be QL, the 
heat transfer with the high-temperature reservoir be QH, and the work required be W RE (which equals QH - QL). Since the 
initial assumption was that the irreversible engine is more efficient, it follows (because QH is the same for both engines) that 
QL’ < QL and W IE > W RE. Now the irreversible engine can drive the reversible engine and still deliver the net work W net, which 
equals W IE - W RE = QL – QL’. If we consider the two engines and the high-temperature reservoir as a system, as indicated in 
Fig., we have a system that operates in a cycle, exchanges heat with a single reservoir, and does a certain amount of work. 
However, this would constitute a violation of the second law, and we conclude that our initial assumption (that an 
irreversible engine is more efficient than a reversible engine) is incorrect. Therefore, we cannot have an irreversible engine 
that is more efficient than a reversible engine operating between the same two reservoirs.

Corollary-1

All engines that operate on the Carnot cycle between two given constant-temperature reservoirs have the same efficiency.

Proposition II: ηrev 1 = ηrev 2
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IDEAL VERSUS REAL MACHINES

𝜂௘௡௚௜௡௘=

𝜂௛௘௔௧ ௣௨௠௣=

𝜂௥௘௙=

First equality sign is the definition with the use of the energy equation and thus is always true. The second equality sign is valid 
only if the cycle is reversible, that is, a Carnot cycle. Any real heat engine, refrigerator, or heat pump will be less efficient
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THE INEQUALITY OF CLAUSIUS

Consider first a reversible (Carnot) heat engine cycle operating between reservoirs at temperatures TH and TL

For this cycle, the cyclic integral of the heat transfer, ∮ δ𝑄, is greater than zero and 

Case 1: For reversible,

∮
ఋொ

்
= ொಽ,ೝ೐ೡ

்ಽ
−

ொಽ,೔ೝೝ

்ಽ

For any closed system undergoing a cycle, the integral of can never be positive.

Case 1: For irreversible,

𝑄ு

𝑇ு
=

𝑄௅,௥௘௩

𝑇௅

𝑄ு

𝑇ு
=

𝑄௅,௥௘௩

𝑇௅

𝑄௅,௜௥௥ > 𝑄௅,௥௘௩ ∮
ఋொ

்
= ொಽ,ೝ೐ೡ

்ಽ
−

ொಽ,೔ೝೝ

்ಽ
< 0
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Steady Flow Energy Equation
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Equation of Continuity
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Gas Turbine
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Nozzle
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Compressor
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Throttling Device
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Strength of Materials

• Behaviour of materials under various types of loads and moments

• The action of forces and their effects on structural and machine elements such as angle, circular 

bars and beams etc.

• Homogeneous and isotropic

• No internal stresses present in the material before application of loads
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• Load

• Stress

• Intensity of stress
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Stress: 

It is encountered in solids and its magnitude depends upon direction of applied load 

w.r.t. plane passing through the point under consideration.

Pressure:

It is associated with fluids and it represents the force extended per unit area due to 

impact of fluids molecules on the walls of the container or on the body immersed in a 

fluid and its value is same at a point in a fluid.
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Tension, Compression and Strain
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Elastic Limit, Hook’s Law and Modulus of Elasticity

Experimental evidences are there that shows that upon removal of external loads, the forces of internal 

resistance vanish and the body regains its original shape and size. However, such a situation exists only if the 

external loading is within a certain limit. 

Hook’s law states that when a material is loaded within elastic limit, stress is directly proportional to strain, 

mathematically

E is called Young’s modulus of elasticity ( N/sqm. kPa , Mpa)
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1. A hollow right circular cylinder is made of cast iron and has an outside diameter of 75 mm and an

inside diameter of 60mm. The cylinder measures 600 mm in length and is subjected to axial

compressive load of 50 kN. Neglecting any possibility of lateral buckling of the cylinder, determine the

normal stress and shortening in length of the cylinder under this load. Take the modulus of elasticity of

cast iron to be 100 Gpa.

2. A steel bar of 1.5 m long, 50 mm wide and 20 mm thick is subjected to an axial tensile load of 120 kN.

If the extension in the length of the bar is 0.9 mm, make calculations for the intensity of stress, strain

and modulus of elasticity of the bar material

3. A wire working on a railway signal is 6 mm in diameter and 250 m long. If the movement at the signal

end is to be 15 cm, make calculations for the movement which must be given to the end of the wire at

the signal box. Assume a pull of 1500 N on the wire and take E = 200000 N/sqmm
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Stress-Strain Diagram
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Proof stress: Normally at strain =  0.2% of gauge length ---stress level

Working stress and factor of safety: Design stress level. FoS required to take care of –

• Internal flaws in the material

• Stress concentration points

• Uncertainties

Magnitude of FoS is decided by –

• Loading type

• Reliability of material

• Extent of damage caused by the sudden failure 76
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Material Classification:

1. Homogeneous and isotropic 

2. Rigid and linearly elastic

3. Plastic and rigid-plastic material

4. Ductile and Brittle material
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A homogeneous material is a material for which the physical properties are identical at each point within the sample.
An isotropic material is a material for which the physical properties are identical in all directions.
A sample of mild steel or aluminum can usually be assumed to be both homogeneous and isotropic.

A rigid material is one which is having no strain regardless of the applied stress.
A linear elastic material is one in which strain is proportional to stress.

A rigid-plastic material is defined as a material exhibiting no elastic deformation and perfect plastic deformation.

A plastic material can be transformed to any shape and size and can change shape permanently when 
subjected to stresses of intermediate magnitude

Ductile materials are easily stretched into wires and clearly show deformation under pressure.
Brittle materials break rather than stretch and often fracture cleanly
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Extension of a tapered bar

Diameter of elementary strip:

79

Unit-II
Mechanics of Solids

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



80

Unit-II
Mechanics of Solids

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



81

Unit-II
Mechanics of Solids

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



Extension of bar due to self weight:  Uniform Section

Area = A, Length = L, 

w= specific weight ( weight per unit volume)

The total tension at se tion m-n equals weight of the bar for length 

y and is given by:-

P= w.A.y. As a result of this load, the elemental length dy

elongates by a small amount Δy, and 

Δy = Pdy/AE = wAy.dy/AE = w.y.dy/E
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The total change in length of the bar due to self weight is worked out by integrating the above 

expression between the limits y= 0 and y =l. 
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Principle of Superposition:
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Stresses in bars of varying cross-sections:
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Shear Stress. Shear Strain and Modulus of rigidity

Stress and strain produced by a force tangential to the surface 

of a body are known as shear stress and shear strain. Normal 

stress acts perpendicular to the plane while shear stress acts 

along the plane. Eg. Riveted, welded joint, punching operation 

etc.
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The angular deformation in radians is called shear strain.
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A steel punch can be worked to a compressive stress of 800 N/mm2. Find the least 

diameter of hole which can be punched through a steel plate 10 mm thick if its ultimate 

shear strength is 350 N/mm2
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Complimentary shear stress: 

Block ABCD with unit thickness perpendicular to the plane of paper.
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This couple will tend to rotate the block in clockwise direction. To keep the block in equilibrium, 

shear stress must act on the other two faces of the block to provide a counter couple. The 

stress is called complimentary shear stress.
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Hydrostatic Stress. Volumetric  Strain and Bulk modulus

When a body is immersed in a fluid to a large depth, the body gets subjected to equal external pressure at all points on the body. This 

external pressure is compressive in nature and is called hydrostatic stress
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Poisson’s Ratio
• Longitudinal strain or primary strain
• Lateral or secondary strain
Both are of opposite nature. Within elastic limit ratio of lateral strain to the longitudinal strain is called 
Poisson’s ratio. It is denoted by μ ( 0.25 – 0.33)
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Relation between Elastic constants E, K and C
• Relation between E, K and μ
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Relation between E, C and μ
• Shear stress along DC and AB
• Complimentary shear stress on faces AD 

and BC .
• Block distorts to a new configuration ABC’D’
• The diagonal AC elongates and BD shortens
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Relation between E, C and K
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Temperature Stresses

104

If expansion is allowed , only thermal strain and no stresses are developed. However, If the ends are fixed to rigid 
supports, stresses are developed called thermal or temperature stresses. The temperature strains and stresses due 
to temperature rise are compressive in nature , and due to fall in temperature are tensile.
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Since the coeff. Of expansion of brass is greater than steel, expansion of brass will be more.
But the bars are fastened together and accordingly both will expand to the same final position
represented by DD with net expansion of composite system AD equal to δl. Brass bar is pushed
back ( compressive stress) and steel bar is pulled ( tensile stress). At equilibrium:
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It may be pointed out that the nature of the stresses in the bars will get reversed if there is 
reduction in the temperature of the composite system.
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Strain Energy and Resilience
Internal resistance offered by material on application of external forces, does some work  which is stored 
within the material as energy and this strain energy is known as Resilience. During unloading phase same 
energy is released and material springs back to its original dimension. Machine members like helical , spiral 
and leaf springs possess this property of resilience.
• Strain energy due to axial loads: Gradually applied load
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Strain energy due to axial loads: Suddenly applied load
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Strain energy due to axial loads: Impact loading
Impact loading occurs when a weight is dropped on a member from some height . The KE of the falling weight is utilized in 
deforming the member.
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Machine
A machine is the assembly of resistant bodies or links whose relative motions are 

successfully constrained so that available energy can be converted into useful work.

• Both motion and force
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Kinematics of machines: relative motion of various machine elements without consideration of forces.
Dynamics of machines: Study of forces acting on various machine elements
• Kinetics: inertial forces as a result of mass and motion of machine elements
• Statics: External forces and their equilibrium in the rest mode.
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Resistant body
A body is said to be resistant if it can transmit the required force with negligible deformation. These bodies are the 

parts of the machine which are employed for transmitting motion and forces

Kinematic Link or Element
It is a resistant body or an assembly of resistant bodies which go to make a part or parts of a machine connecting 

other parts which have motion relative to it.

Unit-II
Mechanism and Simple Machines

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



113

Unit-II
Mechanism and Simple Machines

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



114

Unit-II
Mechanism and Simple Machines

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



115

Unit-II
Mechanism and Simple Machines

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



Structure:
Structure is an assembly of a number of resistant bodies having no relative motion between them and meant for 

carrying load having straining actions. A railway bridge , a roof truss , machine frames etc.
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Simple Machine
A machine is a device which receives energy in some available form and uses it for doing a particular useful 
work. 
A lifting machine may be defined as device to overcome a force or load (W) applied at one point by means of 
another force called effort (P) applied at another point. In most of the cases, P is smaller than W.

• The point of application of effort
• Mechanism
• Point where load is lifted.

1. Simple machine: one point of application for load and one point for load. Lever, screw jack
2. Compound machine: More than one point. Lathe machine 
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Mechanical advantage ( M.A.)
It is ratio of the weight lifted to the effort applied. Unit less quantity.

M.A. = ௐ
௉

Velocity Ratio ( V.R.)
It is ratio of the distance (y) moved by the effort to the distance (x) moved by the load. Unit less quantity.

V.R. = ௬
௫

Input of a machine.
It is the work done on the machine . In a lifting machine, it is measured by the product of effort and the distance 
through which it has moved ( P . y).

Output of a machine.
It is the actual work done by the machine . In a lifting machine, it is measured by the product of weight lifted 
and the distance through which it has been lifted ( W . x).
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Efficiency of a machine
It is ratio of output to the input of a machine. It is generally expressed as percentage

η= ை௨௧௣௨௧

ூ௡௣௨௧

An ideal machine has its efficiency 100%. Output is equal to input. 

Relation between efficiency , M.A. and V.R. of machine
Let

𝑊 = 𝐿𝑜𝑎𝑑 𝑙𝑖𝑓𝑡𝑒𝑑
𝑃 = 𝑒𝑓𝑓𝑜𝑟𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑡𝑜 𝑙𝑖𝑓𝑡 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑

𝑦 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑒𝑓𝑓𝑜𝑟𝑡 𝑖𝑛 𝑙𝑖𝑓𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑
𝑥 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑
η = 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑐ℎ𝑖𝑛𝑒
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Then the M.A. of the machine is given by
M.A. = ௐ

௉

And the V.R. of the machine is given by 

V.R. = ௬
௫

η= =  =  = 
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Law of a machine
The law of a machine gives the relationship between the effort applied and the load lifted.
For any machine if a graph is plotted between effort P and load lifted W , it will be found that it follows a straight 
line relation.

𝑃 = 𝑚𝑊 + 𝐶
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V.R. of any machine is fixed. So efficiency is 
proportional to M.A. 
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Conclusions:
1. M.A. increases with load
2. Efficiency also increases with load
3. M.A. will be maximum at a very high value of load.
4. Efficiency will also be maximum at a very high value of load.
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Pulleys:
A simple pulley is a wheel of metal having a groove on its circumference to receive a rope or
chain, capable of rotation about an axle passing through its centre and perpendicular to its
plane. The axle is supported in a frame work of metal or wood known as the block. The
pulley is known as fixed pulley if the frame work supporting the axle of pulley is fixed. If the
frame work or the block is movable the pulley is termed as movable pulley.

Assumptions:
1. The weight of pulley block is small as compared to the weight lifted and, thus may be

neglected in calculations
2. The friction between pulley surface and string is negligible, and thus the tension in the

two sides of the rope may be taken to be equal.
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A single fixed pulley:
M.A. = V.R. =1

M.A. = m where m = number of chords supporting moveable pulleys.
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A single moveable  pulley:

The M.A. in case of moveable pulley is 
greater than one but application of 
force is not easy. A fixed pulley can be 
introduced to remove this issue.
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Classification of engineering Materials
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Classification of engineering Materials
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Selection of engineering Materials
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Physical Properties of Metals

155

Unit-II
Engineering Materials

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



156

Unit-II
Engineering Materials

Sant Longowal Institute of Engineering and Technology, Longowal

Department of Mechanical Engineering 
ESME-401: Elements of Mechanical Engineering



Amount of energy that a unit volume of the material has absorbed after being stressed upto the 
point of fracture. This property is desirable in parts subjected to shock and impact loads 157
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Considered in designing shafts, connecting 
rods, springs, gears etc.
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