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Thermodynamics
and Energy

Thermodynamics can be defined as the science of energy.

Energy can be viewed as the ability to cause changes.

Thermodynamics stems from the Greek words therme (heat) and dynamis (power).
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Thermo-
dynamics

“Thermodynamics is the branch of physical science that deals
with the various phenomena of energy and related properties of
matter, especially of the laws of transformations of heat into
other forms of energy and vice-versa.”

Internal combustion engines employed in automobiles are a
good example of the energy conversion equipments where fuel is
being burnt inside the piston cylinder arrangement and chemical
energy liberated by the fuel is used for getting the shaft work
from crankshaft.
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Application 
Areas of 
Thermodynamics

Thermodynamics is commonly encountered in many
engineering systems and other aspects of life, and one does not
need to go very far to see some application areas of it.

In fact, one does not need to go anywhere. The heart is
constantly pumping blood to all parts of the human body, and the
body heat generated is constantly rejected to the environment.

Other applications of thermodynamics are right where one lives.
An ordinary house is, in some respects, an exhibition hall filled
with wonders of thermodynamics.
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Application 
Areas of 
Thermodynamics
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Macroscopic 
Versus
Microscopic 
Viewpoint

Macroscopic Approach

In Macroscopic approach a certain quantity of matter is
considered. The activity occurring at molecular level isn’t taken
into account

Macroscopic thermodynamics is concerned only with the effects
of the action of many molecules, and these effects can be
perceived by human senses

For example, pressure is the average rate of change of
momentum due to all the molecular collisions made on a unit
area

Such a study is macroscopic or classical thermodynamics
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Macroscopic 
Versus
Microscopic 
Viewpoint

Microscopic Approach

From the microscopic point of view, matter is composed of
myriad of molecules.

If it is a gas then each molecule at a given instant has a certain
position, velocity and energy and for each molecules these
changes frequently with collisions

The behavior of the gas is described by summing up all the
behavior of each molecules

Such a study is microscopic or statistical thermodynamics
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Macroscopic 
Versus
Microscopic 
Viewpoint

S.
No.

Macroscopic  Approach Microscopic  Approach

1

A certain quantity of matter is considered
without taking into account the events
occurring at molecular level. In other
words this approach to thermodynamics
is concerned with gross or overall
behavior.

It considers that the system is made up of
a very large number of discrete particles
known as molecules. This approach to
thermodynamics which is concerned
directly with the structure of the matter.

2
This is known as classical
thermodynamics

This is known as statistical
thermodynamics.

3
The analysis of macroscopic system
requires simple mathematical formulae.

Advanced statistical and mathematical
methods are needed to explain the changes
in the system.

4
The changes in properties can be felt by
our senses.

Our senses cannot feel them.

5
In order to describe a system only a few
properties are needed.

Large number of variables are needed to
describe a system. So the approach is
complicated.
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Systems
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Systems

System: In thermodynamics the ‘system’ is defined as the quantity of
matter or region in space upon which the attention is concentrated for the
sake of analysis. These systems are also referred to as thermodynamic
systems(or control system).

Surroundings: The mass or region outside the system is called the
surroundings.

Boundary: The real or imaginary part that separates the system from it’s
surroundings is called the boundary(or control boundary).

Universe: System and surroundings when put together result in universe.

Universe = System + Surroundings
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Systems

There are three types of system

11
Open System

Closed System
Isolated System



Systems
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Closed System: A closed system (also known as a control mass)
consists of a fixed amount of mass, and no mass can cross its
boundary. That is, no mass can enter or leave a closed system. But
energy, in the form of heat or work, can cross the boundary

Isolated System: If, as a special case, even energy is not allowed
to cross the boundary, that system is called an isolated system.

Open System: An open system, is a properly selected region in
space. Both mass and energy can cross the boundary. It usually
encloses a device that involves mass flow such as a compressor,
turbine, or nozzle.



Control 
Volume
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The volume enclosed within the boundary is control volume.

Both mass and energy can cross the boundary. So, Control volume and
the open system are same.

A large number of engineering problems involve mass flow in and out of
a system and, therefore, are modeled as control volumes.

Control Surface: The boundaries of a control volume are called a control
surface, and they can be real or imaginary.



Properties of 
A System

14

Every system has certain characteristics by which it’s physical
condition may be described e.g. volume(V), temperature(T),
pressure(P) etc. Such characteristics are called properties of the
system

Two types of properties are
Extensive Properties

Intensive Properties

Extensive properties per unit mass are called specific
properties. Some examples of specific properties are specific
volume (v = V/m) and specific total energy (e = E/m).



Properties of 
A System
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Properties are considered to be either intensive or extensive.

 Intensive properties: Intensive properties are those that are
independent of the mass of a system, such as temperature,
pressure, and density.

Extensive properties: Extensive properties are those whose
values depend on the size - or extent - of the system. Total mass,
total volume, and total momentum are some examples of
extensive properties.



Homogeneous 
and
Heterogeneous 
Systems
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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.



Thermodynamic 
Equilibrium
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A system is in thermodynamic equilibrium if the temperature

and pressure at all points are same ; there should be no velocity

gradient ; the chemical equilibrium is also necessary.

Thus for attaining a state of thermodynamic equilibrium the

following three types of equilibrium states must be achieved :

Thermal equilibrium

Mechanical equilibrium

Chemical equilibrium



Thermodynamic 
Equilibrium
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Thermal equilibrium: The temperature of the system does
not change with time and has same value at all points of the
system.

Mechanical equilibrium: There are no unbalanced forces
within the system or between the surroundings. The pressure in
the system is same at all points and does not change with respect
to time.

Chemical equilibrium: No chemical reaction takes place in
the system and the chemical composition which is same
throughout the system does not vary with time.



State

19

The state of a system (when the system is in thermodynamic
equilibrium) is the condition of the system at any particular
moment which can be identified by the statement of its
properties, such as pressure, volume, temperature etc.

The number of properties which are required to describe a
system depends upon the nature of the system.



Process & 
Path
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Process: Any change that a system undergoes from one
equilibrium position to another is called a process

Path: the series of states through which a system passes during
a process is called the path of the process

To describe a process completely, one should specify the initial
and final states of the process, as well as the path it follows, and
the interactions with the surroundings



Process & 
Path
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The prefix iso- is often used to designate a process for
which a particular property remains constant.

An isothermal process, for example, is a process during
which the temperature T remains constant;

an isobaric process is a process during which the
pressure P remains constant; and

An isochoric process is a process during which the
specific volume V remains constant.

There are lot of other processes, will be discussed later.



Cycle
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A system is said to have undergone a cycle if it returns
to its initial state at the end of the process. That is, for a
cycle the initial and final states are identical.



Quasi-static or 
Quasi-equilibrium
Process
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Quasi means ‘almost’. Quasi-static literally refers to “almost
static”

When the process is carried out in such a way that at every
instant, the system’s deviation from the thermodynamic
equilibrium is infinitesimal, then the process is known as quasi-
static or quasi-equilibrium process

each state in the process may be considered as an equilibrium
state.



Quasi-static or 
Quasi-equilibrium
Process
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Consider a system (gas) enclosed in a cylinder and piston
arrangement. Let the system is initially in equilibrium state when
the piston is at A(PA, VA, TA).

The weight (W) on the piston is composed of number of small
weights which balances the upward force exerted by the system.

If the whole weight is removed from the piston, then there will
be unbalanced force between the system and the surroundings
and the piston will move upwards till it hits the stops at B(PB,
VB, TB). (cont……)



Quasi-static or 
Quasi-equilibrium
Process
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Now, if the small weights on the piston are removed one by one
very slowly,

then at any instant of the upward movement of the piston, the
deviation of the state from the thermodynamic equilibrium will
be infinitesimally small.

Thus, every state passed through by the system will be in
equilibrium state.

Such process, is known as quasi-static or quasi-equilibrium
process.



Temperature
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Zeroth Law of 
Thermodynamics
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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. This is known as the zeroth law of
thermodynamics. It is the basis of temperature measurement.



Zeroth Law of 
Thermodynamics
(Basis of temperature measurement)
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In order to obtain a quantitative measure of temperature, a
reference body is used, and a certain physical characteristic of
this body which changes with temperature is selected.

The changes in the selected characteristic may be taken as an
indication of changes in temperature.

The selected characteristic is called the thermometric property,
and the reference body which is used in the determination of
temperature is called the thermometer.

A very common thermometer consists of a small amount of
mercury in an evacuated capillary tube. In this case the
extension of the mercury in the tube is used as the thermometric
property.
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