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Chapter-1 
 

Thermodynamic concept & Terminology 
 

INTRODUCTION: 

 

 Thermodynamics is the science that deals with heat and work and those properties of substance 

that bear a relation to heat and work.

 Thermodynamics is the study of the patterns of energy change. Most of this course will be 

concerned with understanding the patterns of energy change.
 More specifically, thermodynamics deals with (a) energy conversion and (b) the direction of 

change.
Basis of thermodynamics is experimental observation. In that sense it is an empirical 

science. The principles of thermodynamics are summarized in the form of four laws known as 

zeroth, first, second, and the third laws of thermodynamics. 

 Thermodynamics comes from two greek words Thermi & Dynamic. Thermi means heat & 

dynamic means power or work by motion.
 

Macroscopic and Microscopic Approaches: 
 

 Microscopic approach uses the statistical considerations and probability theory, where we deal 

with “average” for all particles under consideration. This is the approach used in the disciplines 

known as kinetic theory and statistical mechanics.
  In the macroscopic point of view, of classical thermodynamics, one is concerned with the time- 

averaged influence of many molecules that can be perceived by the senses and measured by the 

instruments. The pressure exerted by a gas is an example of this. It results from the change in 

momentum of the molecules, as they collide with the wall. Here we are not concerned with the 

actions of individual molecules but with the time-averaged force on a given area that can be 

measured by a pressure gage.
  From the macroscopic point of view, we are always concerned with volumes that are very large 

compared to molecular dimensions, and therefore a system contains many molecules, and this 

is called continuum. The concept of continuum loses validity when the mean free path of 

molecules approaches the order of typical system dimensions.
 

Thermodynamic systems: 
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A Thermodynamic system is defined as the fixed mass or fixed region in space upon which 

our study is focused. A specified region in a space upon which attention is focused for 

thermodynamic analysis is known as a system. 

We introduce boundaries in our study called the system and surroundings. The boundaries 

are set up in a way most conducive to understanding the energetics of what we're studying. 

Defining the system and surroundings is arbitrary, but it becomes important when we consider 

the exchange of energy between the system and surroundings. 

Surroundings: Everything external to the system is called Surrounding. 

Boundary: It is a real or imaginary surface which separates system from the surroundings. A 

boundary can be fixed or movable. A boundary has no thickness, no mass and no volume. 

Two types of exchange can occur between system and surroundings: 

(1) energy exchange (heat, work, friction, radiation, etc.) and, 
 

(2) matter exchange (movement of molecules across the boundary of the system and surroundings). 
 

Based on the types of exchange which take place or don't take place, we will define three types of 

systems: 

• Isolated systems: no exchange of matter or energy. 

• Closed systems: no exchange of matter but some exchange of energy. 

• Open systems: exchange of both matter and energy. 

 

Thermodynamic Property : 

In thermodynamics a property is any characteristic of a system that is associated with the energy and 

can be quantitatively evaluated. 

• The property of a system should have a definite value when the system is in a particular state. 

• Thermodynamic property is a point function. 

• Properties like volume of a system that depend on the mass of a system are called extensive 

properties. 

• Properties like pressure or temperature which do not depend on the system mass are called intensive 

properties. 

•The ratio of extensive property to the mass of the system are called specific properties and therefore 

become intensive properties. 

•Substance can be found in three states of physical aggregation namely, solid, liquid and vapor which 

are called its phases. 

• If the system consists of mixture of different phases, the phases are separated from each other by 

phase boundary. 

• The thermodynamic properties change abruptly at the phase boundary, even though the intensive 

properties like temperature and pressure are identical. 

 

Pressure ( p): 

A fluid exerts on a surface element dS of a wall a force of pressure perpendicular to dS, directed 

outwards with a norm equal to p dS, where by definition p is the pressure of the fluid. 

Pressure is defined as force acting per unit area. 

SI unit is the Pascal(N/M2). 
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Temperature (T): 

Temperature is a measure of the average kinetic energy of the atoms or molecules in the 

system. The unit of measurement in the International System  of Units  (SI)  is the 

kelvin.  

Temperature is measure of hotness or coldness in a substance. 

 

The basic units (SI Units) 

 Mass    kg.
 Mole    The mole is the amount of substance that contains as many atoms (or molecules) as

there are atoms in 0.012 kg of carbon-12. 

 Length—m.
 Time: second (s)
 SI unit of temperature is Kelvin (abbreviated as K). The Kelvin is defined as the fraction of 

1/273.16 of the thermodynamic temperature of the triple point of water. The relation between 

Kelvin and Celsius temperature is K = C + 273.15 (The triple point of water is at 0.01 C).
 Force: 1 N = 1 kg m/s,
 Pressure, 1 Pa = 1 N/m2 , 1 bar = 105 Pa, 1 atm. = 101.325 KPa.= 760 mm of HG 

In thermodynamics we are concerned with absolute pressure.
Gauge pressure = absolute pressure – atmospheric pressure. 

Ordinary vacuum gauge pressure = atmospheric pressure – absolute pressure. 

 

Volume ( V): 

The volume of a thermodynamic system typically refers to the volume of the working fluid, such 

as, for example, the fluid within a piston. Changes to this volume may be made through an 

application of work, or may be used to produce work. SI unit of volume is M3. 

 

Internal Energy : 

• The molecule as a whole can move in x, y and z directions with respective components of velocities 

and hence possesses kinetic energy. 

• There can be rotation of molecule about its center of mass and than the kinetic energy associated with 

rotation is called rotational energy. 

• In addition the bond length undergoes change and the energy associated with it is called vibrational 

energy. 

• The electron move around the nucleus and they possess a certain energy that is called electron 

energy. 

• The microscopic modes of energy are due to the internal structure of the matter and hence sum of all 

microscopic modes of energy is called the internal energy. 

Bulk kinetic energy (KE) and potential energy (PE) are considered separately and the other energy of 

control mass as a single property (U). 

The total energy possessed by the body is given by: 

E = KE + PE + U 

Intensive & Extensive properties: 

 An intensive property is one that does not depend on the mass of the substance or 

system.
 Temperature (T), pressure (P) and density (r) are examples of intensive properties. 

Intensive Property Examples;
The properties of matter that do not depend on the size or quantity of matter in any 

way are referred to as an intensive property of matter. Temperatures, density, color, melting 

https://en.wikipedia.org/wiki/Work_(thermodynamics)
https://byjus.com/chemistry/melting-and-boiling-point/


6  

and boiling point, etc., all are intensive property as they will not change with a change in size or 

quantity of matter. The density of 1 liter of water or 100 liters of water will remain the same as 

it is an intensive property. 

 An extensive property of a system depends on the system size or the amount of matter 

in the system.
If the value of the property of a system is equal to the sum of the values for the parts of the 

system then such a property is called extensive property. Volume, energy, and mass are 

examples of extensive properties. 

Extensive Property Examples; 

There are properties such as length, mass, volume, weight, etc. that depend on the quantity or 

size of the matter, these properties are called an extensive property of matter and their value 

changes if the size or quantity of matter changes. Suppose we have two boxes made up of 

the same material, one has a capacity of four litres while the other has a capacity of ten litres. 

The box with ten litres capacity will have more amount of matter as compared to that of a four- 

liter box. 
 

 

Thermodynamic process: 
A process is path followed by a system in reaching a given final state of equilibrium state starting 

from a specified initial state. 

An actual process occurs only when the equilibrium state does not exist. 

An ideal process can be defined in which the deviation from thermodynamic equilibrium is infinitesimal. 

All the states the system passes through during a quasi-equilibrium process may be considered 

equilibrium states. 

For non-equilibrium processes, we are limited to a description of the system before the process occurs 

and after the equilibrium is restored. 

 A process is said to be reversible if both the system and its surroundings can be restored to their 

respective initial states by reversing the direction of the process.

https://byjus.com/chemistry/melting-and-boiling-point/


7  

 reversible: if the process happens slow enough to be reversed.
irreversible: if the process cannot be reversed (like most processes). 

• isobaric: process done at constant pressure 

• isochoric: process done at constant volume 

• isothermal: process done at constant temperature 

• adiabatic: process where heat transfer is zero.(q=0 ) 

• cyclic: process where initial state = final state 

 

Thermodynamic State: A system is said to be exist in a definite state if all the properties of the 

system (pressure, temperature, volume etc,) have fixed values. If any one of the property 

changes, the system changes to another state. 

Example: At 1 atm pressure and 10 degree centigrade water is in solid state (mixed state) 

At 1 atm pressure and 110 degree centigrade it is vapour state. 

Thermodynamic Path: The series of states passed through by the system during a change from 

one equilibrium state to another. Change of state of a system is the consequence of any 

operation in which properties will change. The series of states through which system passes 

during a change of state is called the path of the process. 
 

 

 

Thermodynamic Cycle: Thermodynamics cycle is a process in which initial and final conditions 

are same. A thermodynamic cycle is defined as a series of process such that the system returns 

to its initial state. Thus the series of processes (cycle process) in a cycle starts and ends at the 

same state of a system.  

(Figure illustrate the cycle comprising two processes A and B.) 
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Path function: 

A Path function is a function whose value depends on the path followed by 

the thermodynamic process irrespective of the initial and final states of the process. 

An example of path function is work done in a thermodynamic process. 

 Work done in a thermodynamic process is dependent on the path followed by the 

process. 

 A path function is an inexact or imperfect differential. 

Point function: 

A Point function (also known as state function) is a function whose value depends on the 

final and initial states of the thermodynamic process, irrespective of the path followed by the 

process. 

 Example of point functions are density, enthalpy, internal energy, entropy etc. 

 A point function is a property of the system or we can say all the properties of the 

system are point functions. 

 Point functions are exact or perfect differential. 

Note: Since a point function is only dependent on the initial or final state of the system, hence 

in a cyclic process value of a thermodynamic function is zero, or change in thermodynamic 

property is zero. 
 

Difference between point function and path function: 
 

Sr. 

no. 

 
 

Point Function 

 
 

Path Function 

 

 

 

1 

 
Its values are based on the state of the 

system (i.e. pressure, volume, 

temperature etc.) 

 
Its values are based on how 

that particular thermodynamic 

state is achieved. 

 

 

 

2 

 
No matter by which process the state is 

obtained, its values will always remain 

the same. 

 
Different processes to obtain a 

particular state will give us 

different values. 

https://clubtechnical.com/thermodynamic-process-cycle
https://clubtechnical.com/thermodynamic-state
https://clubtechnical.com/entropy
https://clubtechnical.com/thermodynamic-properties
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3 

 
Only initial and final states of the 

process are sufficient 

 
We need to know exact path 

followed by the process 

 
 

4 

Its values are independent of the path 

followed 

Its values are dependent on 

the path followed 

 
 

5 

 
 

It is an exact or perfect differential 

It is an inexact or imperfect 

differential. 

 
 

6 

 
 

Its cyclic integral is always zero 

Its cyclic integral may or may 

not be zero 
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It is property of the system 

It is not the property of the 

system 
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Its examples are density, enthalpy, 

internal energy, entropy etc 

Its examples are Heat, work 

etc. 

 
 

Thermodynamic equilibrium: 
 

The system is said to be thermodynamic equilibrium when there is no spontaneous change in 

any macroscopic property is observed, as the system is isolated from its surroundings is known 

as thermodynamic Equilibrium. 

When the property of a system is defined, it is understood that the system is in equilibrium. 

• If a system is in thermal equilibrium, the temperature will be same throughout the system. 

• If a system is in mechanical equilibrium, there is no tendency for the pressure to change. In a single 

phase system, if the concentration is uniform and there is no tendency for mass transfer or diffusion, 

the system is said to be in chemical equilibrium. 
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Quasi-static process: 

When a process proceeds in such a manner that the system remains infinitesimally close to an 

equilibrium state at all times: Quasi-static or Quasi-equilibrium process 

• The process proceeds slow enough to allow the system to the system to adjust itself internally 

so that properties in one part of the system do not change any faster than those at other parts. 

 

Engineers are interested in quasi-static processes because – they are easy to analyse – work- 

producing devices deliver maximum work when they operate on quasi-static processes 

• Quasi-static processes serve as standards to which actual processes can be compared. 

(Fig. Quasi-static process) 

 The quasi-static or quasi-equilibrium process is also known as reversible process. A 

process which can be reversed in direction and the system retraces the same 

equilibrium states is known as reversible process.
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Energy: 

Energy possesses the ability to produce a dynamic, vital effect. Energy exists in various forms. 

e.g. mechanical, thermal, electrical etc. One form of energy can transform to other by suitable 

arrangements. 

SOURCES OF ENERGY: 

The various sources of energy are: 

• Fuels- I. Solids-Coal,Coke, Anthracite etc. 

2. Liquids-Petroleum and its derivates 

3. Gases-Natural gas, blast furnace gas etc 

• Energy stored in water 

• Nuclear energy 

• Wind energy 

• Solar energy 

• Tidal energy 

• Geothermal energy 

• Thermoelectric power 

 

Power: 
Any Physical unit of energy when divided by a unit of time automatically becomes a unit of power. 

Power can be defined as rate of flow of energy and can state that a power plant is a unit built for 

production and delivery of flow of mechanical and electrical energy. With the advancement of 

technology the power consumption is rising steadily. 

This necessitates that in addition to the existing source of power such as coal, water, petroleum etc. 

other source of energy should be searched out and new and more efficient ways of producing energy 

should be decided. 

Work: 

The work is said to be done by a force when it acts on a body moving in the direction of force. 

Whenever a system interacts with its surroundings, it can exchange energy in two wayswork and heat. 

In mechanics, work is defined as the product of the force and the displacement in the direction of the 

force. 

Work done when a volume is increased or decreased Consider a gas in a container with a movable 

piston on top. If the gas expands, the piston moves out and work is done by the system on the 

surroundings. 

To calculate the work done in moving the piston, 

 we know that the, force = pressure x area and then,
work = pressure x area timex distance or, work = pressure x change in volume. 

So, W = ∫ p dV 

 The differential work done (dW) associated with a differential displacement (dl) is given by
dW = F .dl 

 For a piston cylinder assembly, dW = F dl = PA (dl) = P dV

 If the gas is allowed to expand reversibly from the initial pressure P to final pressure P, then 

the work done is given by W = ∫ p dV
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The integral represents the area under the curve on a pressure versus volume diagram. Therefore the 

work depends on the path followed and work is a path function and hence not a property of the system. 

• The above expression does not represent work in the case of an irreversible process. 

• The thermodynamic definition of work is “ Work is said to be done by a system on the surrounding if 

the sole effect external to the system could be reduced to the raising of a mass through a distance”. 
 

 

 

 

Heat: 
 

Heat is the mode of energy transfer which takes place by virtue of temperature difference. The 

direction of spontaneous heat transfer is always from higher temperature to lower 

temperature. The mode of heat transfer may be in conduction, convection and radiation. 

Heat like work, is energy in transit and it can be identified only at the boundary of the system. 

 Heat is not stored in the body but energy is stored in the body.
 Heat, like work is not aproperty of the systemand hence it is not an exact differential.

 Thus heat is also a path function and notpoint function.

Comparision of heat and work: 
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Mechanical equivalent of Heat: 
 

There is a simple relation between mechanical work done on a system and heat generated in it. 

James Prescott Joule first experimentally found that the heat produced in a system is directly 

proportional to the mechanical work done on it. 

He also calculated the constant of proportionality through a unique experiment, which we 

will also describe in this article. The constant is popularly known as Mechanical Equivalent of 

Heat. After the name of James Prescott Joule, the constant is also often known as Joule’s 

Mechanical Equivalent of Heat or simply Joule’s Constant. We denote it with the capital 

English letter J. 

If W is the work done on a system and Q is the quantity of heat produced due to this work, then 

 

 

After, this experiment, by putting all known values of 
 

Here, in this experiment, the potential energy of the falling mass is converted into the kinetic 

energy and finally to the heat energy. 
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Displacement work: 

Consider a piston cylinder arrangement as given in the Figure 2.4. If the 

pressure of the fluid is greater than that of the surroundings, there will be an 

unbalanced force on the face of the piston. Hence, the piston will move towards 

right. 
 

 

Force acting on the piston =Pressure x Area 

= p.A 

Work done =Force x distance 

= pA x dx 

= p.dV 

Where, dV =change in volume. 

This work is known as displacement work or pdV work corresponding to the elemental 

displacement dx . To obtain the total work done in a process, this elemental work must be 

added from the initial state to the final state. 
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