
 

Introduction to Thermodynamics 

Why do you feel warmer when you rub your palms together in winter? 

This happens because rubbing our palms produces heat. Also in steam 

engines, we use the heat of the steam for moving the pistons, due to 

which the wheels of the train rotate. But what’s the actual process 

behind this? Well, this happens due to ‘thermodynamics’. Let us study 

more about it below. 

What is Thermodynamics? 

Let us break the word thermodynamics into two words, thermo and 

dynamics. ‘Thermo’ stands for heat while ‘dynamics’ is used in 

connection with a mechanical motion which involves ‘work’. 

Therefore, Thermodynamics is the branch of physics that deals with 

the relationship between heat and other forms of energy. 

Now which quantities determine the state of the system? They are 

pressure, volume, temperature, mass or composition, internal energy 

etc. These quantities are referred to as the state variables and 

measured only when the system is at equilibrium. The systems that we 

study in thermodynamics consist of very large numbers of atoms or 

molecules interacting in complicated ways. But, if these systems meet 
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the right equilibrium, they can be described with a very small number 

of measurements or numbers. 

Browse more Topics under Thermodynamics 

● Thermodynamic Processes 

● First Law of Thermodynamics 

● Second Law of Thermodynamics 

● Reversible and Irreversible Process 

● Carnot Engine 

● Heat Engines and Heat Pumps 

System 

In thermodynamics, the system is defined as a definite space or area 

on which the study of energy transfer and energy conversions is made. 

● Open system:  System in which both mass and energy cross the 

boundaries of the system. 

● Closed system: System in which mass does not cross 

boundaries of the system, though energy may do so. 
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● Isolated system: System in which neither mass nor energy 

crosses the boundaries of the system. 

Boundary 

The system and surroundings are separated by a boundary. It may be 

fixed or movable or imaginary. It will not occupy any volume or mass 

in space. 

Surroundings 

Anything outside the system which affects the behavior of the system 

is known as surroundings. 

 

Heat 

Heat is energy transferred between substances or systems due to a 

temperature difference between them. As a form of energy, heat is 



 

conserved that means it cannot be created or destroyed. It can 

however, be transferred from one place to another. Heat can also be 

converted to and from other forms of energy. 

For example, a steam turbine can convert heat to kinetic energy to run 

a generator that converts kinetic energy into electrical energy. A light 

bulb can convert this electrical energy to electromagnetic radiation 

which, when absorbed by a surface, is converted back into heat. By 

convention, heat is given to a body is taken as positive while that 

taken out of the body is taken as negative. 

Sign conventions for heat in internal energy:- 

●  ΔU is taken as positive if the internal energy of the system 

increases. 

●  ΔU is taken as negative if the internal energy of the system 

decreases. 

Work 

In a process, the work done by the system or on the system depends 

not only on the initial and final states of the system but also upon the 

path adopted for the process. Work is done when a force acting on a 



 

system displaces the body in its own direction.Work ‘W’ done on or 

by a system is the product of force and displacement. 

For example, a man pushing a car may feel that he is doing a lot of 

work, but no work is actually done unless the car moves. The work 

done is the product of the force applied by the man multiplied by the 

distance through which the car moves. If there is no friction and the 

surface is level, then the car, once set in motion, will continue rolling 

indefinitely with constant speed. The rolling car has a kinetic energy 

of motion equal to the work required to achieve that state of motion. 

Internal energy 

Internal energy is the sum of the kinetic energies and the potential 

energies of the molecules. We denote the internal energy of the system 

by U. Energy possessed by the atoms or molecules by virtue of their 

motion is kinetic energy. Since there is a force of attraction between 

two molecules, they possess some potential energy. The sum of total 

kinetic and potential energies of atoms or molecules constituting a 

system is the internal energy of the system. 

The internal energy of a system depends upon the state of the system. 

It has a definite value for a definite thermodynamic state. It is not a 



 

measurable quantity. If a system starting from one state passes through 

different states and finally returns to its initial state, then the change in 

its internal energy will be zero. 

Thermal equilibrium 

An equilibrium divides into following three categories. In 

thermodynamics, we deal only with the concept of thermal 

equilibrium. Two systems are in thermal equilibrium if there is no 

transfer of heat between them and both have the same temperature. 

Solved question For You 

Q. The temperature at the bottom of a high waterfall is higher than 

that at the top because 

A. by itself the heat flows from higher to lower temperature. 

B. the difference in height causes the difference in pressure. 

C. thermal energy transforms into chemical energy. 

D. mechanical energy transforms into thermal energy. 

Answer: D 

Thermodynamic Processes 



 

How does food stay cold and fresh in a refrigerator? Alongside have 

you ever noticed even though the entire inner compartment of a 

refrigerator is cold, outside or the back of a refrigerator is warm? Here 

the refrigerator pulls heat from its inner compartment and transfers it 

to the region outside. This is why the back of a refrigerator is warm. 

‘Thermodynamic processes’ involve heat energy moving within a 

system or between systems. Let us study more about them. 

Types of Thermodynamic Processes 

● Isobaric process 

● Isochoric process 

● Isothermal process 

● Adiabatic process 

● Quasi-static process 

Isobaric Process 

”Iso” means the same, and ”baric” means pressure. 



 

 

The processes during which the pressure of the system remains 

constant are called isobaric thermodynamic processes.  Suppose there 

is a fuel in piston and cylinder arrangement. When this fuel burns the 

pressure of the gases, generated inside the engine. But if the gases are 

allowed to expand by allowing the piston to move outside, the 

pressure of the system can be constant. 

Browse more Topics under Thermodynamics 

● Introduction to Thermodynamics 

● First Law of Thermodynamics 

● Second Law of Thermodynamics 

● Reversible and Irreversible Process 

● Carnot Engine 
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● Heat Engines and Heat Pumps 

PV Curve 

 

Practically, it is not possible to attain an ideal constant and constant 

pressure. An isobaric process is one in which the pressure is 

constant.The quantity of the gas in an isobaric process remains 

constant and the work done by the system is directly promotional to 

the change in volume or temperature of the system. 

Isochoric Process 

The process, during which the volume of the system remains constant, 

is an isochoric process. Heating of a gas in a closed cylinder is an 

example of the isochoric process. The change in temperature for a 
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given amount of heat is determined by the specific heat of the gas at a 

constant volume. 

Work done in an isochoric process 

W=∫PdV 
Here, dV =0 

Therefore, W = 0 

Isothermal Process 

 

In an isothermal process, there is no change in temperature, that means 

the temperature remains constant.Like when hot water is kept in a 

thermos flask, if we remove a certain quantity of water from the flask, 

but keep its temperature constant then the process is said to be an 

isothermal process. 



 

Adiabatic Process 

The process, during which the heat content of the system remains 

constant, is an adiabatic process. During this process heat neither 

enters the system nor leaves the system. 

For an adiabatic process, 

ΔQ=0 

Then according to the first law of thermodynamics, 

ΔU+ΔW=ΔQ=0 

where, Q is the heat supplied to the system and W is the work done by 

the system and U is the internal energy of the system. 

Thermodynamics 

Quasi-Static Process 

When a process is which system remains close to an equilibrium state 

at each time, such process will be termed as the quasi-static process or 

quasi-equilibrium process. For example, if a person is coming down 

from roof to ground floor with the help of ladder steps then it is a 



 

quasi-static process. But if he jumps from roof to ground floor then it 

will not be a quasi-static process. 

Question For You 

Q. The process in which the internal energy of the system remains 

constant is : 

a. Adiabatic              b. Isobaric 

c. Isochoric               d. Isothermal 

Sol: d. Isothermal 

Internal energy is a function of temperature only. Therefore, in case of 

an isothermal process, it will be constant. 

 

First Law of Thermodynamics 

The laws of thermodynamics are simple to state. Do you know that the 

human body obeys the laws of thermodynamics? We start to sweat 

and feel warm when we’re in a room full of people and the sweating 

becomes excessive if the room size is small. This happens because 



 

your body is trying to cool off hence heat transfers from your body in 

the form of ‘sweat’. This entails the first law of thermodynamics. 

Interesting? Let us study more. 

First Law of Thermodynamics 

The first law of thermodynamics states that the total energy of an 

isolated system is constant. Energy can be transformed from one form 

to another, but can neither be created nor destroyed. 

 

According to this law, some of the heat given to system is used to 

change the internal energy while the rest in doing work by the system. 

Mathematically, 

ΔQ=ΔU+ΔW 



 

where, 

ΔQ =  Heat supplied to the system 

ΔW= Work done by the system. 

ΔU = Change in the internal energy of the system. 

If Q is positive, then there is a net heat transfer into the system, if  W is 

positive, then there is work done by the system. So positive Q adds 

energy to the system and positive W takes energy from the system. 

It can also be represented as  ΔU=ΔQ−W 

We can say that internal energy tends to increase when heat is given to 

the system and vice versa. 

Thermodynamic Cycles 

In an isolated system, the total energy remains the same. In a 

thermodynamic cycle, the net heat supplied to the system equals the 

net work done by the system. Like for example, the batteries we use 



 

convert chemical energy into electrical enrrgy. Also the electric bulbs 

transform electrical energy into light energy. 

Work done on, or by a gas, depends not only on the initial and final 

states of the gas but also on the process, or the path which produces 

the final state. Similarly, the amount of heat transferred into, or from a 

gas also depends on the initial and final states and the process which 

produces the final state. 

The internal energy is just a form of energy like the potential energy 

of an object at some height above the earth, or the kinetic energy of an 

object in motion. In the same way that potential energy converts in to 

kinetic energy while conserving the total energy of the system, the 

internal energy of a thermodynamic system converts in to either 

kinetic or potential energy. Like potential energy, the internal energy 

can be stored in the system. The first law of thermodynamics allows 

for many possible states of a system to exist, but only certain states are 

found to exist in nature. 

Limitations of First Law of Thermodynamics 

● The limitation of the first law of thermodynamics is that it does 

not say anything about the direction of flow of heat. 



 

● It does not say anything whether the process is a spontaneous 

process or not. 

● The reverse process is not possible. In actual practice, the heat 

doesn’t convert completely into work.If it would have been 

possible to convert the whole heat into work, then we could 

drive ships across the ocean by extracting heat from the water 

of the ocean. 

Solved Examples For You 

Q:  Find out the internal energy of a system which has constant 

volume and the heat around the system is increased by 50 J? 

Sol: Given, q = 50 J 

Since the gas is in constant volume, Δv=0 

w= pΔv=0 

The equation for internal energy is, ΔU = q + w 

ΔU= q+0 



 

ΔU = q = 50 J 

Second Law of Thermodynamics 

We keep growing old, never younger. Although how we wish we 

could. We clean our rooms once and within no time they get dirty 

again. These are some things that work in one direction, not the other 

way round. These examples entail the second law of thermodynamics. 

But what does it state? Let’s find out more. 

What is the Second Law of Thermodynamics? 

If you ever drop a glass and watch it shatter, you know there is no way 

of going back in time and getting back the unbroken glass. This is 

irreversibility. The second law of thermodynamics states that the heat 

energy cannot transfer from a body at a lower temperature to a body at 

a higher temperature without the addition of energy. This is why 

running an air conditioner for a long period of time, costs you money. 

Browse more Topics under Thermodynamics 

● Introduction to Thermodynamics 

● Thermodynamic Processes 

● First Law of Thermodynamics 
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● Reversible and Irreversible Process 

● Carnot Engine 

● Heat Engines and Heat Pumps 

Kelvin-Planck statement 

It is impossible to convert all the heat extracted from a hot body into 

work. In the heat engine, the working substance takes heat from the 

hot body, converts a part of it into work and gives the rest to the cold 

body. There is no engine that can convert all the heat taken from the 

source into work, without giving any heat into the sink. This means 

that for obtaining continuous work, a sink is necessary. 

Clausius statement 

It is not at all possible to transfer heat from a cold body to a hot body 

without the expenditure of work by an external energy source. 

Equivalence of Two Statements 

For example, there is a refrigerator that transfers an amount of heat 

from a cold body to a hot body without having any supply of external 

energy. So this is the violation of Clausius statement. Now suppose an 

engine working between the same hot and cold bodies takes in heat 
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from hot body converts a part W into work and gives the remaining 

heat to the cold body. 

The engine alone does not violate the second law of thermodynamics. 

But if the engine and refrigerator combine together, they form a 

device that takes up all the heat from the hot body and converts all 

into work without giving up any amount to the cold body. It violets 

the Kelvin-Planck statement. So we say that the two statements of the 

second law of thermodynamics are equal in all respects. 

Laws of Thermodynamics 

Entropy 

 

Increase in Entropy 



 

Let us see what is entropy, and its relation to the second law of 

thermodynamics. The entropy of the system is measured in terms of 

the changes the system has undergone from the previous state to the 

final state. Thus the entropy is always measured as the change in 

entropy of the system denoted by ∆S. If at all it is necessary to 

measure the value of the entropy at a particular state of the system, 

then zero value of entropy is assigned to the previously chosen state of 

the system. 

The process during which the entropy of the system remains constant 

is an isentropic process. During the isentropic process, the value of 

entropy of the system at initial and final state remains constant. Thus 

during the isentropic process the value of ∆S=0. The reversible 

isentropic process never really occurs, it is only an ideal process. In 

actual practice whenever there is a change in the state of the system 

the entropy of the system increases. 

Causes of increase in entropy of the closed system are 

● In a closed system, the mass of the system remains constant but 

it can exchange the heat with surroundings. Any change in the 

heat content of the system leads to disturbance in the system, 

which tends to increase the entropy of the system. 



 

● Due to internal changes in the movements of the molecules of 

the system, there is disturbance inside the system. This causes 

irreversibilities inside the system and an increase in its entropy. 

Let us study thermodynamics in detail.  

Question For You 

Q. The second law of thermodynamics implies : 

a. The whole of heat can be converted into mechanical energy 

b. No heat engine can be 100% efficient 

c. Every heat engine has an efficiency of 100% 

d. A refrigerator can reduce the temperature to absolute zero 

Sol: b. No heat engine can be 100% efficient 

Total conversion of heat into work is not possible i.e 100% efficiency 

is not possible as it will lead to a negative change in entropy of 
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universe which is not valid according to the Second Law of 

Thermodynamics. 

Reversible and Irreversible Process 

The reversible process is the ideal process which never occurs, while 

the irreversible process is the natural process that is commonly found 

in nature. When we tear a page from our notebooks, we cannot change 

this and ‘un-tear’. This is an irreversible process. Whereas when water 

evaporates, it can also be condensed in the form of rains. This is a 

reversible process. Let us study more about them below. 

Reversible Process 

A thermodynamic process is reversible if the process can return back 

in such a that both the system and the surroundings return to their 

original states, with no other change anywhere else in the universe. It 

means both system and surroundings are returned to their initial states 

at the end of the reverse process. 
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In the figure above,  the system has undergone a change from state 1 

to state 2. The reversible process can reverse completely and there is 

no trace left to show that the system had undergone thermodynamic 

change. During the reversible process, all the changes in state that 

occur in the system are in thermodynamic equilibrium with each other. 

Browse more Topics under Thermodynamics 

● Introduction to Thermodynamics 

● Thermodynamic Processes 

● First Law of Thermodynamics 

● Second Law of Thermodynamics 

● Carnot Engine 
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● Heat Engines and Heat Pumps 

Internally reversible process 

The process is internally reversible if no irreversibilities occur within 

the boundaries of the system. In these processes, a system undergoes 

through a series of equilibrium states, and when the process reverses, 

the system passes through exactly the same equilibrium states while 

returning to its initial state. 

Externally reversible process 

In externally reversible process no irreversibilities occur outside the 

system boundaries during the process. Heat transfer between a 

reservoir and a system is an externally reversible process if the surface 

of contact between the system and reservoir is at the same 

temperature. 

A process can be reversible only when its satisfying two conditions 
● Dissipative force must be absent. 

● The process should occur in infinite small time. 
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Source Wikipedia 

In simple words, the process which can reverse back completely is a 

reversible process. This means that the final properties of the system 

can perfectly reverse back to the original properties. The process can 

be perfectly reversible only if the changes in the process are 

infinitesimally small. In practical situations it is not possible to trace 

these extremely small changes in extremely small time, hence the 

reversible process is also an ideal process. The changes that occur 

during the reversible process are in equilibrium with each other. 

Irreversible Process 

Irreversible processes are a result of straying away from the curve, 

therefore decreasing the amount of overall work done. An irreversible 

process is a thermodynamic process that departs from equilibrium. In 



 

terms of pressure and volume, it occurs when the pressure (or the 

volume) of a system changes dramatically and instantaneously that the 

volume (or the pressure) do not have the time to reach equilibrium. 

 

Source Wikipedia 

A classic example of an irreversible process is allowing a certain 

volume of gas to release into a vacuum. By releasing pressure on a 

sample and allowing it to occupy a large space, the system and 

surroundings are not in equilibrium during the expansion process. 

Here little work occurs. However, there is a requirement of significant 

work, with a corresponding amount of energy dissipation as heat flows 

to the environment. This is in order to reverse the process. 



 

Question For You 

Q. In which of the following process the system and surrounding do 

not come back to original state after the process is complete? 

a. Reversible process            b. Adiabatic process 

c. Quasi-static process         d. Spontaneous process 

Sol: d. Spontaneous process 

Carnot Engine 

By now we all know how an engine works. But do you know what a 

Carnot engine is? It’s an engine that is found in your refrigerators and 

air conditioners. It involves two reversible isothermal transitions and 

two reversible adiabatic transitions. Let us study more about it below. 

Carnot Engine Principles 

Carnot principles are only for the cyclical devices like heat engines, 

which state that : 



 

● The efficiency of an irreversible heat engine is always less than 

the efficiency of a reversible one operating between the same 

two reservoirs. 

● The efficiencies of all reversible heat engines operating 

between the same two reservoirs are the same. 

Read about Reversible and Irreversible process in more detail here 

To increase the thermal efficiency of a gas power turbine, it is 

necessary to increase the temperature of the combustion chamber. 

Like, turbines blades cannot withstand the high-temperature gas and 

lead to early fatigue. 

Browse more Topics under Thermodynamics 

● Introduction to Thermodynamics 

● Thermodynamic Processes 

● First Law of Thermodynamics 

● Second Law of Thermodynamics 

● Reversible and Irreversible Process 

● Heat Engines and Heat Pumps 
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Carnot’s Theorem 

 
                                                                                                                    Source Wikipedia 

This theorem states that no engine working between two given 

temperatures can be more efficient than a reversible engine working 

between the same two temperatures and that all the reversible engines 

working between the same two temperatures have the same efficiency, 

whatever the working substance may be. According to the Carnot 

theorem, the reversible engine will always have a greater efficiency 

than the irreversible one. The reversible heat engine operates on a 

reverse cycle and functions as a heat pump (or refrigerator). 



 

The Carnot cycle is reversible representing the upper limit on the 

efficiency of an engine cycle. Practical engine cycles are irreversible 

and thus have inherently lower efficiency than the Carnot efficiency 

when operating at the same temperatures.One of the factors 

determining efficiency is the addition of to the working fluid in the 

cycle and its removal. The Carnot cycle achieves maximum efficiency 

because all the heat is added to the working fluid at the maximum 

temperature. 

The Efficiency of Carnot’s Cycle 

The Carnot cycle is reversible representing the upper limit on the 

efficiency of an engine cycle. Practical engine cycles are irreversible 

and thus have inherently lower efficiency than the Carnot efficiency 

when operating at the same temperatures.One of the factors 

determining efficiency is the addition of to the working fluid in the 

cycle and its removal. The Carnot cycle achieves maximum efficiency 

because all the heat is added to the working fluid at the maximum 

temperature. 

Carnot cycle 



 

 

The Carnot engine cycle when acting as a heat engine consists of the 

following steps: 

● Reversible isothermal expansion of the gas at the “hot” 

temperature. 

● Isentropic (reversible adiabatic) expansion of the gas. 

● Reversible isothermal compression of the gas at the “cold” 

temperature. 

● Isentropic compression of the gas. 

Read about Reversible and Irreversible process in more detail here 

Solved Example For You 
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Q.Which of the following statements is incorrect? 

A. All reversible cycles have the same efficiency. 

B. The reversible cycle has more efficiency than an irreversible 

one. 

C. Carnot cycle is a reversible one 

D. Carnot cycle has maximum efficiency in all cycles. 

Answer: A. We all know that the Carnot cycle is a reversible and 

reversible cycle has the maximum efficiency of all other cycles. 

Heat Engine and Heat Pumps 

One of the most important things we can do with heat is to use it to do 

work. Do you know how a heat engine or a pump works? Well, let us 

see how heat engines and heat pumps operate in terms of 

thermodynamics. 

Heat Engine 

A heat engine involves a thermodynamic process that converts the 

heat supply in it into mechanical work. Let’s look at the types of heat 

engines. 
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Types of Heat Engine 

 

Steam engine 

● Internal combustion engine 

● Gas turbine 

There are three main parts in an engine. A hot body called source, a 

working substance, and a body called sink. 

Source : There must be the source of heat of infinite thermal capacity, 

and that should be at a constant high temperature so that if any amount 

of heat is withdrawn from it or given to it, that does not affect its 

temperature. 



 

Working Substance : It must be some substance through which the 

heat is absorbed or rejected into the sink. This is the working 

substance. 

Sink : There must be a sink of finite thermal capacity, and that should 

be at a constant high temperature so that if any amount of heat is 

withdrawn from it or given to it, that does not affect its temperature. 

Browse more Topics under Thermodynamics 

● Introduction to Thermodynamics 

● Thermodynamic Processes 

● First Law of Thermodynamics 

● Second Law of Thermodynamics 

● Reversible and Irreversible Process 

● Carnot Engine 

The efficiency of Heat Engine 

The efficiency ‘η’ of the heat engine is the ratio between its output of 

work to the heat supply of the heat engine. Let us derive an expression 

for the efficiency of a heat engine. 
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η =W/Q1 

where, W is the work done by the engine and Q1 is the heat absorbed 

from the source. After each cycle, the engine returns to its original 

state so that it does not affect its internal energy. 

ΔU = 0 

W = Q1−Q2 

Hence the engine efficiency is: 

η =(Q1−Q2)/Q1 

η = 1−Q2/Q1 

so here efficiency will be 100% but in actual, this is not possible 

because there will be some loss of energy in the system. Hence for 

every engine, there is a limit for its efficiency. Gasoline and diesel 

engines, jet engines, and steam turbines that generate electricity are all 

examples of heat engines. 

Heat Pumps 



 

The heat pump is a device used to pump heat into the system. 

 

The purpose of a heat pump is to transfer energy to a warm 

environment, such as interiors of a house in the winters. The great 

advantage of using a heat pump to keep your house warm rather than 

just burning fuel in a fireplace or furnace is that a heat pump supplies. 



 

It runs on electricity, so you can save substantially on the fuel 

consumption. 

Heat pump warms air from one place to another, to where it is needed 

depending on the season. Even in the air that seems too cold, heat 

energy is present. When it’s cold outside,  a heat pump extracts this 

outside heat and transfers it inside. When it’s warm outside, it reverses 

directions and acts like an air conditioner, removing heat from your 

home. 

The disadvantage of a heat pump is that the work input is sometimes 

more expensive than simply burning fuel, especially if the work is 

provided by electrical energy. 

Solved Example For You 

Q. What is most commonly used as the refrigerant in heat pumps? 

A. Chlorofluorocarbons 

B. Fluorine gas 

C. Hydrogen gas 

D. Carbon gas 

https://www.toppr.com/guides/chemistry/combustion-and-fuel/introduction-to-fuel-and-fuel-efficiency/
https://www.toppr.com/guides/science/heat/


 

Answer: A. A refrigerator is generally a fluid.which undergoes state 

change from liquid to gas and back again. Chlorofluorocarbons are 

most commonly used as the refrigerant in heat pumps. 


