
i 
 

Principle of Physics 

 

 

 

 

 

 

 

 

 

Mrs. S. SARANYA M.Sc., M.Phil.,  
DEPARTMENT OF PHYSICS 

St. JOSEPH’S COLLEGE OF ARTS AND SCIENCE FOR WOMEN 

(Autonomous) 
(Affiliated to Periyar University, Salem) 

Accredited with A Grade by NAAC in the First Cycle 
Certified Under 2(f) & 12 (b) status (UGC) Act 1956, An ISO-9001:2015 Certified  

Mookandapalli, Sipcot, Hosur - 635126 

 



ii 
 

Principle of Physics 

 

Author :  Mrs. S. SARANYA 

Year Published : April 2026 

  Publisher     :      Mrs. S. Saranya 

Assistant Professor 

Department of Physics 

St. Joseph’s College of Arts and 

Science for Women (Autonomous) 

Hosur - 635 126 

9944792484 

Printed by    :       A. R. Research Publication 

ISBN :        978-93-5812-297-8                                 

 

ALL RIGHTS RESERVED 

Copyright reserved by publisher 

Publishing rights & Printing rights reserved by the publisher 

 

 

 

 
 
 
 



iii 
 

ACKNOWLEDGEMENT 

 

I express my deepest gratitude to the Almighty 

for His blessings and guidance in completing this 

work on Principle of Physics. His grace has been my 

strength throughout this endeavour. A special 

handshake to my beloved Dad (Mr. L. Seenivasan), 

whose unwavering support and encouragement have 

shaped me into who I am today. His belief in me has 

been my greatest motivation. I extend my sincere 

appreciation to our esteemed Secretary Sister and 

Principal, whose unwavering support and 

encouragement have been instrumental in shaping 

this work. Their guidance has provided me with the 

inspiration and confidence to contribute effectively 

to the academic growth of our students. My heartfelt 

thanks go to my beloved students of III B. Sc Physics, 

whose enthusiasm and curiosity have been a 

constant source of motivation.  

Finally, I am grateful to my friends and 

colleagues for their constant support, guidance, and 

motivation, making this endeavour a truly fulfilling 

experience. This book is a humble attempt to make 

physics accessible and enjoyable, and I dedicate it to 

all learners who seek knowledge with passion and 

dedication. 

 



iv 
 

PREFACE 

Physics is the foundation of all natural 

sciences, explaining the fundamental principles 

governing matter, energy, and forces. This 

introductory text covers essential topics such as 

motion, forces, energy, waves, and 

electromagnetism, providing a strong conceptual 

and mathematical foundation. 

 

Designed for beginners, this book emphasizes 

clear explanations, real-world applications, and 

problem-solving skills to make learning physics 

engaging and accessible. Illustrations and exercises 

enhance understanding, encouraging critical 

thinking. Whether for academic study or general 

curiosity, this book serves as a gateway to exploring 

the laws that shape our universe, inspiring further 

exploration into the fascinating world of physics. 
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UNIT-I 

Introduction 

This unit introduces the fundamental mathematical tools used in 

Physics to describe and analyze physical phenomena accurately. Scalars 

are physical quantities that have only magnitude, such as mass, 

temperature, and time, while vectors possess both magnitude and 

direction, such as force, velocity, and displacement. Understanding the 

distinction between scalars and vectors is essential for solving real-world 

physical problems. 

1.1. SCALAR AND VECTOR QUANTITIES 

Scalar Quantities: Scalar quantities are those quantities which are having 

only magnitude but no direction. 

Examples: Mass, length, density, volume, energy, temperature, electric 

charge, current, electric potential etc. 

Vector Quantities: Vector quantities are those quantities which are 

having both magnitude as well as direction. 

Examples: Displacement, velocity, acceleration, force, electric 

intensity, magnetic intensity etc. 

ADDITION OF VECTORS (or) 

TRIANGLE & PARALLELOGRAM LAW (or) 

TRIANGLE LAW OF VECTOR ADDITION 

If two vectors can be represented in magnitude and direction by 

the two sides of a triangle taken in the same order, then the resultant is 

represented in magnitude and direction, by third side of the triangle taken 

in the opposite order.  

Magnitude of the resultant is given by 
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                                                 𝑅 = √𝐴2 + 𝐵2 + 2𝐴𝐵 𝑐𝑜𝑠 𝜃 

And direction of the resultant is given by 

 

 

PARALLELOGRAM LAW OF VECTORS 

 It states that if two vectors, acting simultaneously at a point, can 

have represented both in magnitude and direction by the two adjacent sides 

of a parallelogram, the resultant is represented by the diagonal of the 

parallelogram passing through that point (Fig.) Magnitude of the resultant 

is given by    𝑅 = √𝑃2 + 𝑄2 + 2𝑃𝑄 𝑐𝑜𝑠 𝜃 

And direction of the resultant is given by 

 

                 

 

 

 

VECTOR SUBTRACTION: 

Vector subtraction is done in the same way as vector addition with 

one small change. We add the first vector to the negative of the vector that 

needs to be subtracted. A negative vector has the same magnitude as the 

original vector, but points in the opposite direction (as shown in Fig). 

Subtracting the vector B from the vector A, which is written as A − B, is 

the same as A + (−B). Since it does not matter in what order vectors are 
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added, A − B is also equal to (−B) + A. This is true for scalars as well as 

vectors. For example, 5 – 2 = 5 + (−2) = (−2) + 5. 

 

Figure : Shows a vector, B, and the negative of this vector, –B. 

Global angles are calculated in the counter clockwise direction. The 

clockwise direction is considered negative. For example, an angle 

of 30∘30∘ south of west is the same as the global angle 210∘, 210∘, which 

can also be expressed as −150∘−150∘ from the positive x-axis. 

SCALAR AND VECTOR PRODUCT/ MULTIPLICATION OF 

VECTORS/ SCALAR (OR DOT) PRODUCT:  

It is defined as the product of magnitude of two vectors and the cosine 

of the smaller angle between them. The resultant is scalar. The dot 

product of vectors 
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VECTOR (OR CROSS) PRODUCT: 

It is defined as a vector having a magnitude equal to the product of 

the magnitudes of the two vectors and the sine of the angle between 

them and is in the direction perpendicular to the plane containing the two 

vectors. Thus, the vector product of two vectors A and B is equal 

to  

𝐴  × 𝐵   = 𝐴𝐵 𝑠𝑖𝑛𝜃 𝑛̂ 

1.2. RESULTANT VECTOR 

DEFINITION OF RESULTANT VECTOR: 

A resultant vector is defined as a single vector that produces the same 

effect as is produced by a number of vectors collectively. It is denoted 

by R. Let A vector and B vector be the two vectors, then their resultant is 

given by, 

                                                 

Resultant vector formula is used to obtain the 

resultant value of two or more vectors. This is obtained by computing the 

vectors based on the directions with respect to each other. Resultant vector 

formula has numerous applications in physics, engineering. An example 

of this is the interplay of numerous force vectors on a body, where this 

formula is used to obtain the resultant vector. 

Ø to each other, and R is the resultant vector. 
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1.3. RESOLUTION OF VECTORS 

The process of splitting a vector into various parts is called the resolution 

of vectors. These parts of a vector act in different directions and are called 

“components of vector“. We can resolve a vector into many components. 

Generally, there are three components of the vector which are as follows: 

o Component along x-axis 

o Component along y-axis 

o Component along z-axis 

We will here discuss only two components x-component & y-component 

which are perpendicular to each other. These components are known as 

rectangular components of the vector. 

METHOD OF RESOLVING A VECTOR INTO RECTANGULAR 

COMPONENTS: 

Consider a vector v acting at a point that makes an angle q with the 

positive x-axis. Vector v is represented by a line OA. Draw a 

perpendicular AB from point A on the x-axis.  Suppose OB and BA 

represent two vectors. Vector OA is parallel to the x-axis and vector BA 

is parallel to the y-axis. The magnitude of these vectors is Vx and Vy 

respectively. We notice that the sum of these vectors is equal to 

vector v. Thus, the rectangular components of the vector are Vx and Vy. 

The magnitude of the horizontal component: 

Consider the above right-angled triangle OAB 

https://testbook.com/maths/components-of-vector
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The magnitude of the vertical component: 

Consider the above right-angled triangle OAB 

 

The magnitude of the horizontal component: 

Consider the above right-angled triangle OAB 

 

The magnitude of the vertical component: 

Consider the above right-angled triangle OAB 
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1.4. TRIGONOMETRIC METHOD OF VECTOR RESOLUTION: 

The trigonometric method of vector resolves entails using 

trigonometric functions to ascertain the elements of the vector. It 

explained how to use trigonometric functions to determine a vector’s 

direction. Trigonometric functions will be used to identify the elements of 

a single vector. Trigonometric functions are used to determine the 

relationship between the side lengths of a right triangle and the sharp 

angle’s value. Trigonometric functions can therefore be used to determine 

the length of the sides of a right triangle if an angle sign and the length of 

one side are known. 

For example,  

 
This relationship can be used to find out the value of the vector. 
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1. 5. DEFINITION OF PHYSICS AND PHYSICAL QUANTITIES 

Physics: Physics is the branch of science, which deals with 

the study of nature and properties of matter and energy. The subject 

matter of physics includes heat, light, sound, electricity, magnetism 

and the structure of atoms. For designing a law of physics, a scientific 

method is followed which includes the verification with experiments. 

The physics, attempts are made to measure the quantities with the best 

accuracy. Thus, Physics can also be defined as science of 

measurement. Applied Physics is the application of the Physics to 

help human beings and solving their problem, it is usually considered 

as a bridge or a connection between Physics & Engineering. Physical 

Quantities: All quantities in terms of which laws of physics can be 

expressed and which can be measured are called Physical Quantities. 

For example; Distance, Speed, Mass, Force etc. 

1.6.  UNITS: FUNDAMENTAL AND DERIVED UNITS 

Measurement: In our daily life, we need to express and compare the 

magnitude of different quantities; this can be done only by measuring 

them. Measurement is the comparison of an unknown physical 

quantity with a known fixed physical quantity. 

Unit: The known fixed physical quantity is called unit. OR The 

quantity used as standard for measurement is called unit. 

For example, when we say that length of the class room is 8 meters. 

We compare the length of class room with standard quantity of length 

called meter. 

Length of class room = 8 meter 

Q = nu 
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Characteristics of Standard Unit: A unit selected for measuring a 

physical quantity should have the following properties 

(i) It should be well defined i.e. its concept should be clear. 

(ii) It should not change with change in physical 

conditions like temperature, pressure, stress etc. 

(iii) It should be suitable in size; neither too large nor too 

small. 

(iv) It should not change with place or time. 

(v) It should be reproducible. 

(vi) It should be internationally accepted. 

Classification of Units: Units can be classified into two categories. 

• Fundamental 

• Derived 

Fundamental Quantity: The quantity which is independent of other 

physical quantities. In mechanics, mass, length and time are called 

fundamental quantities. Units of these fundamental physical 

quantities are called Fundamental units. 

Derived Quantity: The quantity which is derived from the 

fundamental quantities e.g. area is a derived quantity.      

Area = Length x Breadth = Length x Length = (Length)2  Speed 

=Distance / Time =Length / Time 

1.7. SYSTEMS OF UNITS: CGS, FPS, MKS, SI 

For measurement of physical quantities, the following systems are 

commonly used:- 

C.G.S system: In this system, the unit of length is centimetre, the unit 
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of mass is gram and the unit of time is second. 

(i) F.P.S system: In this system, the unit of length is foot, 

the unit of mass is pound and the unit of time is second. 

(ii) M.K.S: In this system, the unit of length is metre, unit 

of mass is kg and the unit of time is second. 

(iii) S.I System: This system is an improved and extended 

version of M.K.S system of units. It is called 

international system of unit. 

With the development of science & technology, the three fundamental 

quantities like mass, length & time were not sufficient as many other 

quantities like electric current, heat etc. were introduced. Therefore, 

more fundamental units in addition to the units of mass, length and 

time are required. Thus, MKS system was modified with addition of 

four other fundamental quantities and two supplementary quantities. 

1.8. DEFINITION OF DIMENSIONS 

Dimensions: The powers, to which the fundamental units of mass, 

length and time written as M, L and T are raised, which include their 

nature and not their magnitude. 

For example, Area = Length x Breadth 

= [ L1] × [L1] = [L2] = [M0L2T0] 

Power (0, 2, 0) of fundamental units are called dimensions of area in 

mass, length and time respectively. 

E.g.        Density = mass/volume 

                           = [M]/[L3] 

                           = [M1L-3T0] 
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DIMENSIONAL FORMULAE AND SI UNITS OF PHYSICAL 

QUANTITIES 

Dimensional Formula: An expression along with power of mass, length 

& time which indicates how physical quantity depends upon fundamental 

physical quantity. 

e.g. Speed = Distance/Time 

  = [L1]/[T1] =[M0L1T-1] 

It tells us that speed depends upon L & T. It does not depend upon M. 

Dimensional Equation: An equation obtained by equating the physical 

quantity with its dimensional formula is called dimensional equation.  

Classification of Physical Quantity: Physical quantity has been 

classified into following four categories on the basis of dimensional 

analysis. 

1. Dimensional Constant: These are the physical quantities which 

possess dimensions and have constant (fixed) value. E.g. Planck’s 

constant, gas constant, universal gravitational constant etc. 

2. Dimensional Variable: These are the physical quantities which 

possess dimensions and do not have fixed value. E.g. velocity, 

acceleration, force etc. 

3. Dimensionless Constant: These are the physical quantities 

which do not possess dimensions but have constant (fixed) value. 

E.g. e, , 𝑛𝑢𝑚𝑏𝑒𝑟𝑠𝑙𝑖𝑘𝑒 1,2,3,4,5 etc. 

4. Dimensionless Variable: These are the physical quantities 

which do not possess dimensions and have variable value. E.g. 

angle, strain, specific gravity etc. 

Example.1 Derive the dimensional formula of following Quantity 
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& write down their dimensions. 

1. Density 2. Power 

3.Co-efficient of viscosity 4.  Angle 

Sol. 1) Density = mass/volume 

= [M]/ [L3] = [M1L-3T0] 

2) Power = Work/Time 

=Force x Distance/Time 

= [M1L1T-2] x [L]/[T] 

= [M1L2T-3] 

 

3) Co-efficient of viscosity = Force × Distance 

 Area × Velocity 

                                                    = [M1L-1T-1] 

4) Angle = arc (length)/radius (length) 

= [L]/[L] 

=[M0L0T0] = no dimension 

1.9. STANDARD PHYSICAL CONSTANTS: 

PHYSICAL CONSTANT, is any of a set of fundamental invariant 

quantities observed in nature and appearing in the 

basic theoretical equations of physics. Accurate evaluation of these 

https://www.britannica.com/dictionary/theoretical
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constants is essential in order to check the correctness of the theories and 

to allow useful applications to be made on the basis of those theories. 

SOME OF IMPORTANT PHYSICAL CONSTANTS ARE LISTED 

BELOW: 

Name Symbol Value 

Speed of light c           3×108 m/s 

Planck constant h           6.63×10−34 J s 

 hc           1242 ev-nm 

Gravitation constant G           6.67×10−11 m3kg-1 s-2 

Boltzmann constant k           1.38×10−23 J/K 

Molar gas constant R           8.314 J/(mol-K) 

Avogadro's number NA           6.023×1023 mol-1 

Charge of electron e           1.602×10−19 C 

Permeability of vacuum μ0           4π×10−7 N/A2 

Permittivity of vacuum ϵ0           8.85×10−12 F/m 

Coulomb constant            8.9×109 N m2/C2 
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Name Symbol Value 

Faraday constant F               96485 C/mol 

Mass of electron me               9.1×10−31 kg 

Mass of proton mp               1.6726×10−27 kg 

Mass of neutron mn               1.6749×10−27 kg 

Atomic mass unit u               1.66×10−27 kg 

Atomic mass unit u               931.49 MeV/c2 

Stefan-Boltzmann constant σ               5.67×10−8 W/(m2 K4) 

Rydberg constant R ∞               1.097×107 m-1 

Bohr magneton μB               9.27×10−24 J/T 

Bohr radius a0               0.529×10−10 m 

Standard atmosphere atm               1.01325×105 Pa 

Wien displacement constant b               2.9×10−3 m K 
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UNIT - II 

Introduction 

This unit provides an introduction to the various types of forces that 

govern the behavior of objects in nature and everyday life. Force is a 

fundamental concept in Physics that causes or changes the motion of an 

object. Gravitational force is the universal attraction between masses, 

while electrostatic force acts between charged particles. Magnetic force is 

associated with magnets and moving charges, whereas electromagnetic 

force combines electric and magnetic effects and plays a vital role in 

modern technology. Nuclear forces operate within the atomic nucleus, 

holding protons and neutrons together with immense strength. Mechanical 

forces such as centripetal force keep objects moving in circular paths, 

while centrifugal force is the apparent outward effect observed in rotating 

systems.  

2.1. FORCE  

     Push or pull of an object is considered a force. Push and pull come from 

the objects interacting with one another. In Physics, force is defined as: 

The push or pull on an object with mass causes it to change its velocity. 

Force is an external agent capable of changing a body’s state of rest or 

motion. It has a magnitude and a direction. The direction towards which 

the force is applied is known as the direction of the force, and the 

application of force is the point where force is applied.  The Force can be 

measured using a spring balance. The SI unit of force is Newton(N). 
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Formula for Force 

The quantity of force is expressed by the vector product of mass (m) and 

acceleration (a). The equation or the formula for force can mathematically 

be expressed in the form of: 

F = ma 

Where, 

m = mass 

a= acceleration 

It is measured in Newton (N) or Kgm/s2. 

2.2. TYPES OF FORCES 

The two main types of Forces are 

⚫ Contact Forces 

⚫ Non contact forces  

2.2.1. CONTACT FORCES: 

 A contact force is defined as the force acting between two objects 

due to the physical interaction or contact between them. For example, a 

footballer kicks the ball is a contact f orce since physical contact is 

between the foot and the ball. 

Often, contact forces are divided into two orthogonal parts: the 

normal force, which is perpendicular to the surface or surfaces in contact, 
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and the friction force, which is parallel to the surface or surfaces in 

contact.  

For example, 

⚫ Frictional Force 

⚫ Spring Force 

⚫ Muscular Force 

Types of Contact Forces 

Contact forces are further subdivided into the following 

categories: 

Muscular Force 

Muscles work together to create a force that is known as muscular 

force. Muscle force only occurs when it comes into touch with anything. 

We use muscular force in our daily activities such as breathing, digesting, 

lifting a bucket, and dragging or pushing an object. Our task is made easier 

by using muscular force. 

Spring Force 

Spring force is the force exerted by a compressed or stretched 

spring. Depending on how the spring is connected, the force generated 

might be a push or a pull. 

Frictional Force 

The frictional force operates on an item when it changes its state 

motion. It’s the opposing force that arises when an object is moved or 

attempts to move a surface. Frictional force comes from contact between 

two surfaces and functions as a point of contact between two surfaces. The 

frictional force is used to ignite a matchstick or halt a moving ball, for 

example. Friction has two types: sliding and static friction. 
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Applied Force 

When you push a table across the room, you apply a force that 

acts when it collides with something else. This is referred to as ‘applied 

force,’ which refers to a force that is applied to a person or object. There 

are three types of applied force: push, pull and drag force. 

Normal Force 

Even if a book appears to be stationary when it is placed on a 

table, it is not. The book is still being acted upon by an opposing force, 

that of gravity, which is pushing it toward the ground. This is known as 

the ‘normal force.’ 

Tension Force 

The force exerted by a completely stretched cable or wire attached 

to an object is known as tension. This creates a ‘tension force,’ which pulls 

in both directions and applies equal pressure. 

Air Resistance  

When things move through the air, they are subjected to air resistive 

forces, which are frictional forces. These forces are inherently resistant. 

Examples of Contact Forces  

Here are the real-life examples of Contact Force, we came across in our 

daily life: 

⚫ A Heavy Box lying on the surface when pushed in a particular 

direction, then a force is created due to the interaction or contact of 

the box and the surface. This contact force is known as the frictional 

force. 
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Example: Frictional Force 

⚫ When an object (say your school bag) is kept on the table, which 

remains at rest. The bag is in contact with the table which applies 

some force on it due to its weight and gravity. Such contact force is 

called Applied Force. 

Example: Applied Force 

⚫ When an aeroplane is flying, it moves forward in the air due to its 

contact with the air. Such contact force is called Air Drag or 

resistance.  

  Example: Air Resistance  

2.2.2. Non-contact forces 

Non-contact forces are the forces that acts on the object, without 

any physical interaction with them, for example, when a ball is thrown 

upward came back to the thrower due to gravity due to its weight.  

There are a lesser number of non-contact forces in comparison to 

contact forces. Some examples of non-contact forces are gravitational 

force, electrostatic force, Magnetic force, and Nuclear forces. 

Types of Non-Contact Forces 

They are further subdivided into the following forces: 

Gravitational Force 

Newton’s law of gravity says that “gravitational forces between 

two bodies are directly equal to the product of their masses and inversely 

proportional to the square of the distance between them.” Large things, 

such as planets and stars, exert this force. 

 



20 | P a g e  
 

Electrostatic Force 

  Electrostatic forces are the sorts of forces that all electrically 

charged bodies in the cosmos exert on other electrically charged 

substances. Based on the charge of the bodies, these forces can be both 

attractive and repulsive in nature. 

Magnetic Force 

Magnetic forces are the sorts of forces exerted by a magnet on 

magnetic objects. They exist in the absence of any physical interaction 

between two things. 

Examples of Non-Contact Forces  

Let’s now understand more about the Non-Contact Forces, 

through the following examples: 

• When a comb is rubbed on Hairs, it gains some static charging, 

so attracts paper pieces. This is due to a non-contact force 

called Electrostatic Force. 

Example: Electrostatic Force 

• A parachutist falling freely in the air experiences an attraction 

or pull toward the center of the earth due to the Non-contact 

force known as Gravitational Force. 

Example: Gravitational force 

2.3. FUNDAMENTAL FORCES 

  The most beautiful phenomenon that can be seen in physics is that 

how universe is so disciplined and synced together. The force has kept the 

universe bind together. Forces have always played an important role in the 
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human existence, but it is not realized by humans. Human beings 

constantly experience some force acting on them like gravitational force, 

etc.  There are some forces that naturally exist in the universe, they are 

known as Fundamental Forces. These forces are so well-defined that they 

cover the macroscopic and microscopic forces present in nature. The 

forces learned or seen by humans in everyday life, from frictional force, 

pull, push, thrust, etc. are known as derived forces, and they are not 

considered the fundamental forces. The derived forces are actually derived 

from the fundamental forces in some way or the other. Some Fundamental 

Forces are, 

• Gravitational Force 

• Electromagnetic Force 

• Strong Nuclear Force 

• Weak Nuclear Force 

These above-mentioned forces are responsible for all the observations 

obtained in forces present in the nature. 

2.3.1. Gravitational force  

Gravitational or gravity is a force that attracts any two bodies in 

the universe, whether they have equal masses or not. Newton’s Law of 

Gravitation asserts that all objects, including oneself, attract each other.  

The unit of gravitational force is Newton, denoted as N. 

Gravitation is considered a fundamental force as its influence on any 

object can be observed readily. Thus, Gravitational force acts on every 

object that has mass. So gravitational force is a fundamental force. Since 

there is no touch between the objects, the gravitational force is non-

contact. Since it is focused at the center of the orbit in which the object 
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moves, it is centripetal. It is responsible for keeping the body’s orbit. A 

tug that is directed away from the center is experienced by the rotating 

body. The centrifugal force is what causes this pulling. Of all the basic 

forces, the gravitational force is the weakest force. 

Newton’s Law of Gravitation  

Newton’s Law of Universal Gravitation (or Universal Laws of 

Gravitation) is the Law that leads to the further study of Gravitation and 

states that all the objects in the universe having any masses always attract 

each other with a force of attraction. This force of attraction is called the 

Gravitational Force (F). 

Which is,  

➢ Directly proportional to the product of the masses (m1 and m2) of 

the two objects in contact with other, and  

➢ Inversely proportional to the square of the distance  between their 

center’s. 
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Gravitational Force Formula 

 The Law of Gravitation gives the Gravitational Force (F) between two 

bodies of masses (m1 and m2) at a distance r, apart from their centers, is 

given as: 

F ∝ m1m2 

F∝ 1/r2 

Now, combining the above two relations as, 

F ∝ m1m2 / r2 

F = Gm1m2 / r2 

Where, 

G is the proportionality constant known as Gravitational Constant (= 6.67 

×10−11 N m2 / kg2 ).  

Unit of Gravitational Force 

❖ SI unit of Gravitational Force is Newton (N).  

❖ Dimensional Formula of Gravitational Force is [M1L1T-2]. 

Properties of Gravitational Force 

Here are some important characteristic features of Gravitational Force, 

• Gravitational forces are always attractive and the weakest of all 

the fundamental forces. 



24 | P a g e  
 

• It is a type of Non-Contact Force, as it does not require any 

physical contact or touch to be experienced by a system of objects. 

• Gravitational Force is a Long-range force and does not require 

any medium. 

• The Gravitational Force value at the surface of the Earth is 

constant. 

Gravitational Force Examples: 

1.Gravitational Force of Earth 

Every object is subject to the gravitational pull of Earth, a 

phenomenon known as gravity. We cannot freely float in the air because 

of gravity, which keeps us on the ground. The force that the Earth and we 

both apply to the planet is equal. The Earth, however, remains unaffected 

because of its immense size. If a hung object is let go, it will fall naturally 

in the direction of the Earth’s centre. 

2.Gravitational Force Between Earth and Moon 

Due to the gravitational pull of the Earth and the Moon, the Moon 

revolves around the Earth. To compute this force, we put their masses and 

the separation between their two center’s into the gravitational force 

formula. Then, the gravitational force between the earth and the moon was 

found to be 2 × 1020 N. 
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3.Gravitational Force of the Sun  

Because of its massive mass, the Sun exerts a gravitational force whose 

range is extremely wide. This attracting force causes all planets to orbit 

the Sun in an elliptical shape. 

The gravitational force formula can be used to determine the gravitational 

force acting on Earth from the Sun and was found to be 3.5 × 1022 N.  

2.3.2. ELECTROMAGNETIC FORCE  

Electromagnetic force is the force present between electrically 

charged particles such as electrons and protons.  It has the ability to repel 

and attract charges. The electromagnetic force is attractive for unlike 

charges (electron and proton) and repulsive for like charges (two electrons 

or protons). Electromagnetic force is responsible for the binding of atoms. 

Like the gravitational force, electromagnetic force acts over large 

distances and it does not need any medium. Electromagnetic force is very 

strong compared to gravitational force; it is 10^36 times stronger than 

gravitational force. Since the electromagnetic force is many times stronger 

than the gravitational force, so electromagnetic force dominates all the 

phenomena at the atomic and molecular level. The gravitational force does 
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not act on the sub-atomic particles like protons and electrons because this 

force is very weak.  

 

The gravitational force is always attractive whereas 

electromagnetic force is attractive or repulsive I,e mass comes only in one 

variety there is no negative mass, whereas charge has two varieties 

positive and negative. Matter is mostly electrically neutral thus net 

charge is zero for objects. So the gravitational force dominates for larger 

objects. For example, the earth and moon are electrically neutral so in this 

case gravitational force dominates for this earth and moon. 

Electrons: 

Electrons are the smallest and lightest particles in an atom. 

Electrons are orbiting around the nucleus just like planets are orbiting 

around the sun. Electrons are having the negative charge. 

Protons: 

Protons are much larger and heavier than electrons. They are 

having positive electric charge. Two electrons are tended to repel each 
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other because both having same negative electric charge in the same way 

two protons repel each other because both are having positive electric 

charge. On the other hand, electrons and protons attracted to each other 

because of their unlike charges.   

❖ The electromagnetic force can be generated by three types of 

fields known as the electrostatic field, magneto static field, 

electromagnetic field. 

Electrostatic field: 

The invisible force field that exists around a static charged particles that 

does not vary with time is called electrostatic field. 

Magneto static field: 

When electric charges are moves at a constant rate a magneto-static field 

is produced. 

Electromagnetic field:  

Electromagnetic field is produced by when charged particles are 

accelerated. 

2.3.3. NUCLEAR FORCES 

 The nuclear forces exist inside the nucleus, i.e., the nuclear force 

exists between protons and neutrons and holds them together inside the 

nucleus. Nuclear force exists between neutrons and neutrons, neutrons and 
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protons, and protons and protons. As we know according to Coulomb’s 

Law same charges repel each other and protons are made of similar 

charges but still inside a nucleus protons are held together even though 

they repel each other, this is because of nuclear force. The nuclear force is 

one of the strongest forces in nature hence it overcomes, the electrostatic 

force inside the nucleus and keeps it intact. 

Types of Nuclear Force 

On the basis of intensity nuclear force is further classified as, 

• Strong Nuclear Force 

• Weak Nuclear Force 

 

 

 

 

 

 

 

 

Strong nuclear force Strong nuclear force is the force that acts between 

particles such as quarks, and other. It is the strongest force out of the four 

fundamental forces of interaction.  Two similar charges repel each other 

because of the Coulomb’s force, but in a nucleus, strong nuclear force 

overcomes the Colombian forces and keeps protons and protons together 

inside the nucleus. If the strong nuclear forces that bind protons and 

neutrons in an atom break, high-energy photons are released. Some of the 

properties of this force are, 
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• Strong nuclear forces are responsible for holding the nuclei of 

atoms stable. 

• They are about 106 times greater than the weak nuclear force. 

• They work at a distance of less than 10-15 m. 

• The magnitude of Strong Nuclear Force is far greater than the 

electromagnetic and gravitational force.  

Weak Nuclear Force 

 Weak nuclear force is involved in the particle where radioactive 

decay occurs. They change neutrons into protons in the process of nuclear 

decay. Some of the properties of this force are 

 

 

 

 

 

 

 

 

• They exist between subatomic particles involving radioactive 

decay. 

• They are neither attractive nor repulsive. 

Examples of Nuclear Forces 

• As previously mentioned, the most obvious example of Nuclear 

Force is the binding of protons, which are naturally repulsive due 

to their positive charge. 



30 | P a g e  
 

• Nuclear Force is responsible for the working of the nuclear reactor 

and nuclear weapons. 

• Strong nuclear force is responsible for the stability of the nucleus 

of an atom. 

• Weak nuclear force is responsible for radioactive decay. 

2.4. MECHANICAL FORCES 

Mechanical force is a type of force that results from physical 

contact between two objects. It causes objects to move, stop, or change 

their shape. Mechanical forces are a fundamental aspect of physics and are 

crucial in various engineering and everyday applications. The main types 

of mechanical forces are 

➢ Centripetal  

➢ Centrifugal  

➢ Friction  

➢ Tension  

➢ Cohesive  

➢ Adhesive  

 

Centripetal Forces 

Centripetal force is the force acting on an object in curvilinear 

motion directed towards the axis of rotation or centre of curvature. 

❖ The unit of centripetal force is newton. 

The centripetal force is always directed perpendicular to the 

direction of the object’s displacement. Using Newton’s second law of 

motion, it is found that the centripetal force of an object moving in a 

circular path always acts towards the centre of the circle. 
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Formula 

 The Centripetal Force Formula is given as the product of mass (in 

kg) and tangential velocity (in meters per second) squared, divided by the 

radius (in meters) that implies that on doubling the tangential velocity, the 

centripetal force will be quadrupled. Mathematically it is written as: 

Where 

❖ F is the Centripetal force,  

❖ m is the mass of the object,  

❖ v is the speed or velocity of the object and  

❖ r is the radius. 

Centripetal Force Examples in Daily Life 

The centripetal force pulls or pushes an object towards the centre 

of a circle as it travels, causing angular or circular motion. 

1.When spinning a ball on a string or twirling a lasso, the force of tension 

on the rope pulls the object towards the centre.2.The centripetal force is 

provided by the frictional force between the ground and the wheels when 

turning a car. 

 

3. When going through a loop on a roller coaster, the force is provided by 

the normal force as the seat or wall pushes you towards the centre 

4.For the planets orbiting around the Sun, the centripetal force is provided 

by Gravity. 
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Centrifugal Force 

          Centrifugal force is a pseudo force in a circular motion which acts 

along the radius and is directed away from the centre of the circle. The 

force does not exist when measurements are made in an inertial frame of 

reference. It only comes into play when changing our reference frame 

from a ground/inertial to a rotating reference frame. 

 

 

 

 

 

 

 

 

❖ The centrifugal force’s unit is newton 

Formula 

 A centrifugal force basically uses the centripetal force formula 

(which describes a real phenomenon) and reverses the direction of the 

force, to describe the fictitious centrifugal force. 

 Where 

❖ F is the Centrifugal force,  

❖ m is the mass of the object,  

❖ v is the speed or velocity of the object and  
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❖ r is the radius. 

Centrifugal Force Examples in Daily Life 

Centrifugal Force acts on every object moving in a circular path when 

viewed from a rotating frame of reference. Some examples of Centrifugal 

Force are given below. 

• Weight of an object at the poles and on the equator 

• A bike making a turn. 

• Vehicle driving around a curve 

• Equatorial railway 

Frictional Force 

Frictional force is the force generated by two surfaces that contact 

and slide against each other. 

 

A few factors affecting the frictional force: 

• These forces are mainly affected by the surface texture and the 

amount of force impelling them together. 

• The angle and position of the object affect the amount of frictional 

force. 

• If an object is placed flat against an object, then the frictional force 

will be equal to the object’s weight. 

• If an object is pushed against the surface, then the frictional force 

will be increased and becomes more than the weight of the object. 
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FORMULA 

The maximum amount of friction force that a surface can apply 

upon an object can be easily calculated with the use of the given formula: 

 

To help you calculate the frictional force, here we have provided 

methodical steps to follow while calculating the force of friction. 

⚫ Find the Normal Force 

The normal force is the support force exerted upon an object that is 

in contact with another stable object. The normal force can be simply 

described in most cases by the following formula: 

 

N = mg 

 

In this formula, m describes the object’s mass, and g stands for the 

acceleration due to gravity. In the case of an inclined surface, the strength 

of the normal surface is reduced the more the surface is inclined, hence 

the formula becomes: 

 

N = mg cos(θ) 

Θ represents the angle to the surface is inclined to. In a simple calculation, 

you would calculate the normal force of a 2-kg block of wood sitting on a 

surface as N = 2 kg × 9.8 N/kg = 19.6 N 

 

 



35 | P a g e  
 

2.5. TYPES OF FRICTION FORCES 

     There are different types of frictional forces. The friction that takes 

place between solid surfaces is classified as Static, Kinetic, Rolling, and 

Sliding Friction. The friction that takes place between fluids and gases is 

termed as fluid Friction. Hence, friction is broadly classified as: 

⚫ Dry Friction 

o Static Friction 

o Kinetic Friction 

o Rolling Friction 

o Sliding Friction 

⚫ Fluid Friction 

Dry Friction 

  Dry friction describes the reaction between two solid bodies in 

contact when they are in motion (kinetic friction) and when they are not 

(static friction). Both static and kinetic friction is proportional to the 

normal force exerted between the solid bodies.  

The interaction of different substances is modelled with different 

coefficients of friction. By this, we mean that certain substances have a 

higher resistance to movement than others for the same normal force 

between them. 

Fluid Friction 

Fluid Friction is the force that obstructs the flow of fluid. It is a 

situation where the fluid provides resistance between the two surfaces. If 

both surfaces offer high resistance, then it is known as high viscous and, 

generally, we call them greasy. 

Examples of Fluid Friction 
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• To avoid creaking sounds from doors, we lubricate the door 

hinges, which leads to the smooth functioning of door hinges. 

• When you drop the ball in a full bucket of water, water splashes 

out of the bucket, and this is all because of the buoyancy of fluid. 

Tension  

Tension is a force along the length of a medium, especially a force 

carried by a flexible medium, such as a rope or cable. Tension can be 

defined as an action-reaction pair of forces acting at each end of the said 

elements. While considering a rope, the tension force is felt by every 

section of the rope in both the directions, apart from the endpoints.  

The endpoints experience tension on one side and the force from 

the weight attached. Throughout the string, the tension varies in some 

circumstances. 

Adhesive and cohesive force’s 

Adhesive Force: 

 

Adhesive forces are the attractive forces between molecules of 

different substances. These forces enable the molecules of one substance 
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to adhere or stick to the Molecules of another substance. Adhesive forces 

are responsible for phenomena Like capillary action, where liquids rise or 

fall in narrow tubes against the force of Gravity. 

An example of adhesive forces can be seen when water adheres to 

the walls of a Glass tube. The adhesive forces between the water 

molecules and the glass surface Allow the water to climb the walls, 

defying gravity, and creating the meniscus (curved surface) observed in 

graduated cylinders. 

Cohesive Force: 

Cohesive forces refer to the attractive forces between molecules 

of the same Substance. These forces hold the molecules together and give 

rise to the cohesive Properties of the material. The strength of cohesive 

forces determines the physical State of matter, such as whether a substance 

exists as a solid, liquid, or gas. 

Examples of cohesive forces can be observed in liquid water. The 

hydrogen bonds Between water molecules create a strong cohesive force, 

allowing water to form Droplets and exhibit surface tension. The high 

surface tension of water allows some Insects, like water striders, to walk 

on its surface without sinking. 

Reactions of adhesive and cohesive force 

What is adhesive and cohesive force reactions? This plays a 

significant role In Various natural and man-made processes. These 

reactions arise from the Intermolecular forces between molecules and are 

responsible for a range of Phenomena, including the adhesion of materials, 

the formation of droplets, and the Behaviour of liquids and solids. There 
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are various adhesive and cohesive force Reactions examples which will 

be discussed in further. 

Adhesive Force Reaction: 

Adhesive force reactions occur when molecules from one 

substance interact with Molecules from another substance and form strong 

bonds. Examples of adhesive Force reactions can be seen in everyday 

situations. When using glue stick two Surfaces together, the adhesive 

forces between the glue and the surfaces allow them to adhere firmly. 

Similarly, adhesive forces enable the tape to stick to paper or Walls, 

creating a temporary bond. Adhesive force reactions are also at work when 

Water adheres to the walls of glass, creating a meniscus. The strength of 

adhesive forces determines the effectiveness of adhesion between 

materials. If the adhesive forces are strong, the materials will have a firm 

and ddurable bond. Conversely, if the adhesive forces are weak, the bond 

between mmaterials may be less secure. 

Cohesive Force Reactions: 

Cohesive forces unite molecules of the same substance, forming 

an invisible bond That holds them together and defines the cohesive 

properties of the material. Cohesive force reactions occur when molecules 

within a substance interact with One another, forming stable 

arrangements. 

One of the most common examples of cohesive force reactions 

can be found in Liquid water. The hydrogen bonds between water 

molecules create a strong Cohesive force that keeps the molecules tightly 

connected. This cohesion allows Water to form droplets, exhibit surface 

tension, and maintain its liquid state. Cohesive force reactions are 
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responsible for the behaviour of liquids and solids. For Example, the 

cohesion between particles in a solid material gives it its strength and 

Integrity. In the case of liquid substances, cohesive forces contribute to 

properties Such as viscosity and the ability to maintain a specific shape. 

Differences between Adhesion and Cohesion 

Sr.no Adhesion Cohesion 

1. Adhesion happens 

between two dissimilar 

molecules or substances. 

When two similar 

substances or molecules 

face the force of 

attraction, this force is 

known as the cohesion 

force. 

2. Adhesion is generally the 

force of attraction present 

between the water 

molecules and the walls 

of xylem vessels. 

Cohesion force is 

unrestrained among 

water molecules. 

3. Capillary action and 

meniscus (the curved 

surface which is formed 

by any liquid in a 

Surface tension, 

meniscus and capillary 

action are the effects of 

cohesion. 
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cylinder) are the effects 

of adhesion. 

4. Adhesion is caused by 

electrostatic or 

mechanical forces that 

exist among two kinds of 

different substances. 

Cohesion is caused by 

hydrogen bonding 

and Vander Waals 

forces. 

5. A strong adhesion force 

causes the liquid to 

spread all over the 

surface. 

A strong force of 

cohesion forms water 

droplets on any surface. 

 

 

  

https://byjus.com/chemistry/van-der-waals-forces/
https://byjus.com/chemistry/van-der-waals-forces/
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UNIT-III 

Introduction 

This unit introduces the concept of energy as the capacity to do 

work and explains its various forms, including kinetic, potential, thermal, 

electrical, chemical, and nuclear energy. Understanding different forms of 

energy helps in analyzing how energy is transformed and utilized in 

natural and technological processes. The law of conservation of energy 

states that energy cannot be created or destroyed, but only transformed 

from one form to another. Similarly, the conservation of momentum 

explains that the total momentum of an isolated system remains constant 

during interactions. These fundamental laws are essential for 

understanding motion and physical systems. 

3.1. ENERGY 

Energy of a body is defined as the capacity of the body to do the 

work. Like work, energy is also a scalar quantity. There are different 

forms of energy on earth. The sun is considered the elemental form of 

energy on earth. In physics, energy is considered a quantitative property 

that can be transferred from an object to perform work. Hence, we can 

define energy as the strength to do any kind of physical activity. Thus, in 

simple words, we can define energy as, Energy is the ability to do work 

According to the laws of conservation of energy, “energy can neither be 

created nor destroyed but can only be converted from one form to 

another”. The SI unit of energy is Joule. 
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Unit of Energy 

The International System of Units of measurement of energy is 

joule. The unit of energy is named after James Prescott Joule. Joule is a 

derived unit equal to the energy expended in applying a force of one 

newton through a distance of one meter. However, energy is also 

expressed in many other units not part of the SI, such as ergs, calories, 

British Thermal Units, kilowatt-hours, and kilocalories, which require a 

conversion factor when expressed in SI units. 

Although there are many forms of energy, it is broadly categorized into: 

⚫ Kinetic Energy  

⚫ Potential Energy 

Kinetic Energy 

Kinetic energy is the energy associated with the object’s motion. 

Objects in motion are capable of causing a change or are capable of doing 

work. To better understand, let us think of a wrecking ball. A wrecking 

ball in motion is used to do work such as the demolition of buildings, 

stones, etc. Even a slow-moving wrecking ball is capable of causing a lot 

of damage to another object, such as an empty house. However, a 

wrecking ball that is not in motion does not do any work. 

Another example of kinetic energy is the energy associated with 

the constant, random bouncing of atoms or molecules. This is also known 

as thermal energy. The average thermal energy of a group of molecules 

is what we call temperature, and when thermal energy is transferred 

between two objects, it’s known as heat. 
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3.2. POTENTIAL ENERGY (FORMULA, EXAMPLES AND ITS 

DERIVATION) 

Potential Energy (P.E.): Energy possessed by the body by virtue of its 

position is called potential energy. Example 

(i) Water stored in a dam 

(ii) Mango hanging on the branch of a tree 

Expression for Potential Energy (P.E) 

It is defined as the energy possessed by the body by virtue of its 

position above the surface of earth.  

This work done is stored in the form of gravitational potential energy. 

Hence Potential energy =mgh. 

3.3. TYPES OF POTENTIAL ENERGY 

The various types of potential energy include: 

• Gravitational potential energy 

• Elastic potential energy 

• Nuclear energy 

• Chemical energy 

• Electric potential energy 

GRAVITATIONAL POTENTIAL ENERGY 

• The gravitational energy or gravitational potential energy is the 

energy stored in the object because of its height above the ground 

within the gravitational field. We are all experience the force of 

gravity within the gravitational field of the earth. 

https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/gravitational-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/elastic-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/nuclear-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/chemical-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/electric-potential-energy.html
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• If the work is done on the object against the gravitational force, 

the object will gain gravitational potential energy. For example, 

when an object is lifted up to a height ‘h’, work is done against 

the gravitational force which is pulling it down. This work done 

on the object is stored as potential energy. If this lifted object is 

released from height ‘h’ then its potential energy gets converted 

into the energy of motion or kinetic energy. 

• The amount of gravitational potential energy an object has 

depends on mass of the object and height of the object above 

ground. Objects that are at large height above the ground have 

more potential energy. Similarly, objects that are at small height 

above the ground have less potential energy. Objects that have 

more mass have more potential energy. Similarly, objects that 

have less mass have less potential energy. Let's take for example, 

object C has more potential energy than object B because object 

C has more mass than object B. Similarly, object A has less 

potential energy than objects C because object A is present at less 

height. 

• The gravitational potential energy is given as 

• PEgrav = m×g×h 

Where, PEgrav = potential energy 

 m = mass of the object 

 g = acceleration due to gravity = constant 

 h = height of the object above the earth surface 
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ELASTIC POTENTIAL ENERGY 

• Elastic potential energy is the energy stored in an object that is 

stretched or compressed. Elastic potential energy can be stored in 

the elastic objects such as springs, rubber bands etc. Any spring 

that is stretched or compressed has stored elastic potential energy. 

• Let us consider a spring that is upstretched as shown in the below 

figure A. If you apply force on a spring and stretch it (Shown in 

figure B), then the energy is transferred to spring. The energy that 

was gained by the spring is called elastic potential energy. The 

amount of elastic potential energy stored in the spring is equal to 

the amount of work done or energy applied to stretch the spring. If 

more amount of force is applied on the spring, then more amount 

of elastic potential energy is stored in the spring. Similarly, if less 

amount of force is applied on the spring, then less amount of 

elastic potential energy is stored in the spring. 

https://www.physics-and-radio-electronics.com/physics/energy/what-is-energy.html
https://www.physics-and-radio-electronics.com/physics/force.html
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• If the force applied on the spring is removed, then the spring will 

returns to its original shape (Shown in figure C). At this point, the 

amount of elastic potential energy stored in the spring is zero. 

• The elastic potential energy stored in a spring is mathematically 

written as 

 

NUCLEAR ENERGY 

Nuclear potential energy is the potential energy of the particles 

such as protons and neutrons that are present inside the nucleus of an 

atom. This energy holds protons and neutrons together to form nucleus. 

The nuclear particles like protons and neutrons are bound together by 

the force. Large amount of nuclear energy gets released in the form of heat 

and light when two or more atomic nuclei get combined to form large 

nucleus or when one nucleus splits in to two smaller nuclei. 

The process by which two or more nuclei of the atoms get 

combined to form a large nucleus is called nuclear fusion. This is how sun 

generates its energy by nuclear fusion of hydrogen in to helium. The 

https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/what-is-potential-energy.html
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process by which one nucleus split in to two smaller nuclei is called 

nuclear fission. Nuclear particles like protons and neutrons are not 

destroyed in nuclear fusion or fission process but collection of them has 

less mass than if they were individually free, and this mass difference is 

liberated as heat and radiation in nuclear reactions. 

 

CHEMICAL ENERGY 

• Chemical energy is a type of potential energy stored in the bonds 

of atoms and molecules. The chemical energy gets released often 

in the form of heat when the bonds between the atoms are 

broken. Chemical energy is stored when bonds between the atoms 

are formed and released when bonds between the atoms are 

broken. 

• The various examples of chemical energy include batteries, wood, 

coal, gasoline, photosynthesis etc. 

 

 

https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/what-is-potential-energy.html
https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/introduction/atom.html
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ELECTRIC POTENTIAL ENERGY 

• Electric potential energy is the potential or stored energy that 

charged particles have because of its own electric charge and its 

relative position to other charged particles. Electric potential 

energy is also called as electrostatic potential energy. As we know 

that there is a gravitational field around the earth. Any object 

placed within the gravitational field of the earth will experience a 

force towards the earth. In the similar way there exists an electric 

field around a charged particle. Any charged particle that is placed 

in the electric field of other charged particle will experience a 

force. This force may be repulsive or attractive. The SI unit of 

electric potential energy or electrostatic potential energy is joule. 

TYPES OF KINETIC ENERGY 

The various types of kinetic energy include: 

• Radiant energy 

• Thermal energy 

• Sound energy 

• Electrical energy 

RADIANT ENERGY 

• The energy of electromagnetic radiation or light is called radiant 

energy. Radiant energy is also called as electromagnetic energy. 

This energy can travel through space or medium. As we know that 

kinetic energy is the energy of motion. Radiant energy is always 

https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/what-is-potential-energy.html
https://www.physics-and-radio-electronics.com/electromagnetics/electrostatics/electric-charge.html
https://www.physics-and-radio-electronics.com/electromagnetics/electrostatics/electric-field.html
https://www.physics-and-radio-electronics.com/electromagnetics/electrostatics/electric-field.html
https://www.physics-and-radio-electronics.com/physics/force.html
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in motion by travelling through space or medium. Hence, it is a 

kind of kinetic energy. 

• Generally anything that has temperature gives off radiant energy. 

The various examples of radiant energy include gamma rays, X-

rays, ultraviolet light, visible light (violet, indigo, blue, green, 

yellow, orange, and red), infrared 

radiation, microwaves and radio waves. The energy transmitted 

to the earth from the sun is also an example of radiant energy. This 

energy travels at very high speed (299 792 458 m/s) in a straight 

line. The light or radiant energy may be visible or invisible to the 

human eye. Just like other forms of energy, the SI unit of radiant 

energy is joule. 

THERMAL ENERGY 

• The internal energy of an object due to the motion and collision 

of atoms and molecules is called thermal energy. Thermal energy 

is also called as heat energy. 

• All the matter in the universe is made up of atoms or molecules. 

These atoms and molecules are always in motion. We can’t see 

the motion of this energy with our eyes. However, we can feel it 

when it touches our skin. For example, when you stand outside 

your house in a sunny, you cannot see the heat from sun. 

However, you can feel the heat from it. 

• Thermal energy is produced when the atoms and the molecules 

move faster and collide with each other. The thermal energy of an 

object depends on the kinetic energy of atoms and molecules. In 

the hotter objects the atoms will move or vibrate faster and has 

https://www.physics-and-radio-electronics.com/physics/electromagnetic-spectrum/gamma-rays.html
https://www.physics-and-radio-electronics.com/physics/electromagnetic-spectrum/x-rays.html
https://www.physics-and-radio-electronics.com/physics/electromagnetic-spectrum/x-rays.html
https://www.physics-and-radio-electronics.com/physics/electromagnetic-spectrum/ultraviolet-light.html
https://www.physics-and-radio-electronics.com/physics/electromagnetic-spectrum/visible-light.html
https://www.physics-and-radio-electronics.com/physics/electromagnetic-spectrum/infrared-radiation.html
https://www.physics-and-radio-electronics.com/physics/electromagnetic-spectrum/infrared-radiation.html
https://www.physics-and-radio-electronics.com/physics/electromagnetic-spectrum/microwaves.html
https://www.physics-and-radio-electronics.com/physics/electromagnetic-spectrum/radio-waves.html
https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/introduction/atom.html
https://www.physics-and-radio-electronics.com/physics/energy/what-is-energy.html
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high kinetic energy.  Hence, they will produce more thermal 

energy. 

• On the other hand, in the colder objects, the atoms have very 

less kinetic energy. Hence, they will produce less thermal 

energy.  Just like other forms of energy, thermal energy is also 

measured in joules. 

SOUND ENERGY 

• Sound energy is a form of energy produced due to vibration of an 

object. This energy can travel through any medium by transferring 

energy from one particle to other and can be heard when it reaches 

a person’s ear.   

• For example, when an object vibrates it transfers its energy to the 

surrounding particles and makes them to vibrate. These particles 

again collide with other particles and so on. Likewise, the sound 

energy gets transferred from one particle to other. 

• Sound energy cannot travel through a vacuum because vacuum 

does not contain any particles to act as a medium. It travels only 

through a medium such as water, air and solid. 

• The various examples of sound energy include alarm, vehicles 

horn, thunder storm, talking with people, drum beating, crackers 

etc. 

ELECTRICAL ENERGY 

• The energy of the moving electrons is called electrical 

energy.  All the objects in the universe are made up of small 

particles called atoms.  

https://www.physics-and-radio-electronics.com/physics/energy/kinetic-energy/what-is-kinetic-energy.html
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• Atoms are made up of very small particles like electrons, protons 

and neutrons.  

• The electrons present in the atom always moves around the 

nucleus of an atom. 

• When the external electric field or voltage is applied, the electrons 

present in the atom gains energy and break the bonding with the 

parent atom and become a free electron. 

• The energy carried by this free electron is what we called as 

electrical energy or electricity. 

3.4. FORMS OF KINETIC ENERGY 

The energy that an object has due to its motion is called kinetic energy. 

Kinetic energy comes in many different forms. However, three of them 

are most common. 

⚫ Translational kinetic energy 

⚫ Rotational kinetic energy 

3.5. MECHANICAL ENERGY 

As we already know that, the potential energy is the energy stored 

in an object because of its position and kinetic energy is the energy of an 

object that is in motion.  

The sum of this potential energy and kinetic energy is called mechanical 

energy. In other words, it is the energy an object has because of its motion 

or position or both motion and position. 

 

https://www.physics-and-radio-electronics.com/electromagnetics/electrostatics/potential-difference.html
https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/introduction/free-electrons.html
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OBJECTS THAT HAVE MECHANICAL ENERGY 

Every moving object in the universe has the mechanical 

energy. For example, a train moving on the track has mechanical energy. 

This is due to its motion. A book placed on a table above the ground at 

height ‘h’ has mechanical energy (potential energy). This is due to its 

position above the ground. 

 

A satellite revolving around the earth has mechanical energy (both 

kinetic and potential energy). This is due to its motion (kinetic energy) and 

its position (potential energy) within the earth’s gravitational field. A 

cricket ball thrown in the air has mechanical energy (both kinetic and 

potential energy). This is due to its motion and its position above the 

ground. Conversion of mechanical energy to other forms of energy or 

other forms of energy to mechanical energy. Mechanical energy cannot be 

created or destroyed. However, it can be converted in to another form of 

energy.  
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Now-a-days, so many devices are there that converts the 

mechanical energy into other forms of energy or other forms of energy 

into mechanical energy. For example, a generator converts mechanical 

energy into electrical energy. An electric motor convert’s the electrical 

energy into mechanical energy. A steam engine converts the heat energy 

of a steam (water heated in to the point that turns it into gas) into 

mechanical energy. A hydroelectric power plant converts the mechanical 

energy of water in a storage dam into electrical energy. 

3.6. LAW OF CONSERVATION OF ENERGY 

We know that energy exists in different forms such as nuclear 

energy, chemical energy, electric potential energy, elastic energy, radiant 

energy, thermal energy and sound energy etc. All these energies can be 

changed from one form to another form. However, these energies cannot 

be created or destroyed. 

The law of conservation of energy states that energy cannot be 

created or destroyed. However, it can be converted from one form to 

another form or transferred from one object to another object. It is also 

defined as, the total energy in the universe will never change.  

EXAMPLES OF LAW OF CONSERVATION OF ENERGY 

The conversion of energy or conservation of energy can be seen in 

everyday life. 

https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/nuclear-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/nuclear-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/chemical-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/electric-potential-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/elastic-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/what-is-energy.html


54 | P a g e  
 

• When the driver applies the brakes on a moving car, the brakes 

will be rubbed against the car wheels. Hence the mechanical 

energy of a car is changed in to heat energy due 

to friction between the brakes and moving car wheels. 

• When a torch is switched on, the chemical energy of the cell is 

converted into electrical energy. When this electrical energy is 

passed through the filament of bulb, the electrical energy gets 

converted into light and heat energy. 

• In electric ovens, the electric energy is converted into heat energy. 

• In electric generator, mechanical energy is converted into 

electrical energy. 

• In electric motor, electrical energy is converted into mechanical 

energy.  

• When you push a chair with your hands, the potential energy 

stored in your body gets transferred to the chair and the chair starts 

moving. As we know that any object that is in motion has kinetic 

energy. Hence, the chair has kinetic energy. Thus, the potential 

energy gets converted in to kinetic energy.  

• In photosynthesis process green plants convert the light energy 

they receive from the sun into stored chemical energy. 

• During charging of battery, the electrical energy is converted into 

chemical energy. 

• In solar cells, light energy is converted into electrical energy. 

Conservation laws of momentum 

Conservation of angular momentum is a physical property of a 

https://www.physics-and-radio-electronics.com/physics/energy/mechanical-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/mechanical-energy.html
https://www.physics-and-radio-electronics.com/physics/friction.html
https://www.physics-and-radio-electronics.com/physics/energy/kinetic-energy/what-is-kinetic-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/kinetic-energy/what-is-kinetic-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/what-is-potential-energy.html
https://www.physics-and-radio-electronics.com/physics/energy/potential-energy/what-is-potential-energy.html
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spinning system such that its spin remains constant unless it is acted upon 

by an external torque; put another way, the speed of rotation is constant as 

long as net torque is zero. Angular momentum, sometimes referred to as 

spin, is determined by an object's mass, its velocity and how far the mass 

extends out from the point of rotation. The nearer the mass is to its axis 

point -- or the more consolidated it is around that axis -- the greater its 

velocity.  

Angular momentum has its counterpart in linear momentum, 

which is defined as the product of mass and velocity. In other words, an 

object's momentum depends on both its mass and how fast it's moving. 

For example, a semi-truck traveling at 25 mph has more momentum than 

a Mini Cooper traveling at the same speed. However, if the Mini collides 

into a fruit stand in front of a market, it will do far more damage at 25 mph 

than it would at 5 mph. The greater the mass or speed, the greater the 

momentum. 

Angular momentum is similar to linear momentum, except that it 

also takes into account the distribution of mass around the point of 

rotation. In physics, it is defined as the product of rotational inertia and 

angular velocity: 

• Rotational inertia, also called moment of inertia, is concerned 

with an object's mass and its distribution. It is calculated by 

multiplying the mass by the radius squared. The radius is the 

distance from the object to its point of rotation. 

• Angular velocity refers to how quickly an object is rotating 

around its axis or traveling along a curved path. 
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The formula for angular momentum is written as L = Iω, where L is 

angular momentum, I is rotational inertia and ω (the Greek letter omega) 

is angular velocity. To simplify this, you can say that an object's angular 

momentum is the product of its mass, velocity and distance from the point 

of rotation. This formula is important to understanding the consequences 

of the conservation of angular momentum. 

What is meant by conservation of angular momentum? 

Like other aspects of physics, angular momentum is subject to the 

laws of conservation, which state that a specified property of a given 

physical system remains constant even as that system evolves over time. 

In other words, that property stays the same unless acted upon by an 

external force. The laws of conservation govern areas such as energy, 

electric charge, particle physics, linear momentum and angular 

momentum. When applied to angular momentum, the law of conservation 

means that the momentum of a rotating object does not change unless 

some type of external torque is applied. Torque, in this sense, can refer to 

any outside force that acts upon the object to cause it to twist or rotate. 

Without the application of torque -- when net torque is zero -- the angular 

momentum remains constant; that is, the momentum remains conserved. 

One example of this principle in action is a gyroscope, which 

exploits the law of conservation of angular momentum to stabilize, guide 

or measure rotational movement in many types of systems. The law of 

conservation also explains why a spinning Frisbee soars on a stable 

trajectory through the air rather than dropping immediately to the ground, 

or why a spinning top remains upright rather than submitting to gravity 
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and toppling over. Bicycle wheels also demonstrate the law of 

conservation in action. As the wheels spin, they behave like gyroscopes, 

generating their own angular momentum. The faster they spin, the greater 

the momentum and the greater the stability. If the wheels spin too slowly, 

the rider has a more difficult time maintaining equilibrium, in which case 

it will take only a small amount of torque to push that rider to the ground. 

The law of conservation of angular momentum can be observed 

in other ways as well. For example, figure skaters, high divers and even 

people sitting in rotating chairs demonstrate this law. If they spin with 

their arms stretched out, they'll continue to spin until an outside force is 

applied, such as the diver hitting the water. However, if they pull their 

arms in closer to their body, they'll spin even faster. This is because their 

angular momentum remains constant, but their mass distribution reduces 

in size, resulting in an increased velocity. The law of conservation of 

angular momentum also applies to planets orbiting the sun. The closer a 

planet is to the sun, the greater its velocity. This holds true even if planets 

travel an elliptical orbit. As the distance of the object increases -- that is, 

as the planet moves farther away from the sun -- its velocity decreases, but 

as it moves closer, its velocity increases. However, the angular momentum 

remains constant. 

• A rotating object possesses angular momentum in it. The more the 

angular momentum in the object, the more it will want to rotate. 

For example, a spinning top possesses a large angular momentum. 

In short, angular momentum is a measure of an object’s ability to 

keep spinning.  
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• The law of conservation of angular momentum states that when 

there is no external torque present in the system, then its total 

angular momentum remains conserved. In other words, the total 

angular momentum of an isolated system remains constant both 

in magnitude and direction. 

• If I1 is the moment of inertia when the angular velocity of the 

object is ω1 and I2 is the moment of inertia when the angular 

velocity of the object is ω2. Then by the law of conservation of 

angular momentum, I1 ω1 = I2 ω2 

A diver jumping into the pool of water depicts the law of 

conservation of angular momentum. When the diver jumps in the air, he 

folds his hands and legs inwards so that his moment of inertia decreases. 

Consequently, his angular speed increases and he spins faster.  

When he is about to land in the pool, he opens his hands and legs, 

so his moment of inertia increases and speed decreases. Thus, he lands in 

the pool at a lesser speed. 

TYPES OF COLLISION: 

Collision means two objects coming into contact with each other 

for a very short period. In other words, collision is a reciprocatee 

interaction between two masses for a very short interval wherein the 

momentum and energy of the colliding masses changes.  

While playing caroms, you might have noticed the effect of a 

striker on coins when they both collide. Collision involves two masses m1 
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and m2. The v1i is the speed of particle m1, where the subscript ‘i’ implies 

initial.  

The particle with mass m2 is at rest. In this case, the object with 

mass m1 collides with the stationary object m2. 

 

As a result of this collision the masses m1 and m2 move in different 

directions. 

Types Of Collision: Generally, the law of conservation of momentum 

holds true in the collision of two masses but there may be some collisions 

in which Kinetic Energy is not conserved. Depending on the energy 

conservation, conservation may be of two types, 

Elastic Collision: In the elastic collision total momentum, the total energy 

and the total kinetic energy are conserved. However, the total mechanical 

energy is not converted into any other energy form as the forces involved 
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in the short interaction are conserved in nature. Consider from the above 

graph two masses, m1 and m2 moving with speed u1 and u2. The speed after 

the collision of these masses is v1 and v2. The law of conservation of 

momentum will give: m1u1 + m2u2 = m1v1 + m2v2  

The conservation of Kinetic Energy says: 

1/2 m1u
2

1 + 1/2 m2u
2
2 = 1/2 m1v

2
1 +1/2 m2v

2
2 

Inelastic Collision: In the inelastic collision, the objects stick to each 

other or move in the same direction. The total kinetic energy in this form 

of collision is not conserved but the total momentum and energy are 

conserved. During this kind of collision, the energy is transformed into 

other energy forms like heat and light. Since during the phenomenon the 

two masses follow the law of conservation of momentum and move in the 

same direction with same the same speed v we have: 

m1u1 + m2u2 = (m1+ m2)v 

v= (m1u1 + m2u2)/(m1+ m2) 

⚫ The kinetic energy of the masses before the collision is: 

K.E1 = 1/2 m1u
2
1 + 1/2 m2u

2
2 

⚫ While kinetic energy after the collision is:  

⚫ K.E2 = 1/2 (m1+ m2) v2 

⚫ But according to the law of conservation of energy:  

⚫ 1/2 m1u
2

1 + 1/2 m2u
2
2 = 1/2 (m1+ m2) v2 + Q 

⚫ ‘Q’ here is the change in energy that results in the production of heat 

or sound. 
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The Coefficient of Restitution 

The coefficient of restitution is the ratio between the relative 

velocity of colliding masses before interaction to the relative velocity of 

the masses after the collision. Represented by ‘e’, the coefficient of 

restitution depends on the material of the colliding masses. For elastic 

collisions, e = 1 while for inelastic collisions, e = 0. The value of e > 0 or 

e < 1 in all other kinds of forceful interactions. 

One Dimensional Collision 

One dimensional sudden interaction of masses is that collision in which 

both the initial and final velocities of the masses lie in one line. All the 

variables of motion are contained in a single dimension. 

Elastic One Dimensional Collision 

As already discussed in the elastic collisions the internal kinetic energy is 

conserved so is the momentum. Elastic collisions can be achieved only 

with particles like microscopic particles like electrons, protons or 

neutrons. 

m1u1 + m2u2 = m1v1 + m2v2 

Since the kinetic energy is conserved in the elastic collision we have: 

1/2  m1u
2

1 + 1/2 m2u
2
2 =  1/2  m1v

2
1 + 1/2 m2v

2
2 

m1u
2

1 +  m2u
2
2  =  m1v

2
1 +  m2v

2
2           (Factoring out 1/2) 



62 | P a g e  
 

Rearranging we get:   

m1u
2

1– m1v
2
1  =    m2v

2
2 – m2u

2
2   . 

Therefore,              

m1(u
2
1– v2

1) =    m2(v
2

2 – u2
2)  

m1(u1+v1 ) (u1– v1 )=    m2 (v2 + u2)(v2 – u2)        

Using the conservation of momentum equation:  

m1u1 + m2u2 = m1v1 + m2v2  .                                             

We regroup it with same masses:  

m1u1-m1v1  =  m2v2 -m2u2 

m1(u1-v1) =  m2(v2 -u2) 

Now dividing the two equations: 

m1(u1+v1) (u1– v1) =  m2 (v2 + u2)(v2 – u2) / m1(u1-v1 )  

=  m2(v2 -u2 ) 

u1+v1 = v2 + u2 

v1 = v2 + u2– u1 
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When we use this value of v1 in equation of conservation momentum we 

get:  

v2 = [2 m1 u1 + u2 (m2-m1)] / (m1 + m2) 

Now using the value of v2 in equation v1 = v2 + u2– u1  

v1 = [2 m1 u1 + u2 (m2-m1)] / (m1 + m2) + u2– u1 

v1 = [2 m1 u1 + u2 (m2-m1) + u2(m1 + m2) – u1(m1 + m2)]  / (m1 + m2 ) 

v1 = [2m2 u2 + u1 ( m1 – m2)] / (m1 +m2 ) 

When masses of both the bodies are equal then generally after collision, 

these masses exchange their velocities. v1 = u2 & v2 = u1 

This means that in course of collision between objects of same masses, if 

the second mass is at rest and the first mass collides with it then after 

collision the first mass comes to rest and the second mass moves with the 

speed equal to first mass. Therefore, in such case, v1 = 0 and v2 = u1. In case 

if m1 < m2 then, v1 = -u1 and v2 = 0 

This means that the lighter body will bombard back with its own velocity, 

while the heavier mass will remain static. However, if m1 > m2 then v1 = 

u1 and v2 = 2u1 
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Inelastic One-Dimensional Collision 

In inelastic one-dimensional collision, the colliding masses stick 

together and move in the same direction at same speeds. The momentum 

is conserved and Kinetic energy is changed to different forms of energies. 

For inelastic collisions the equation for conservation of momentum is: 

m1u1 + m2u2 = (m1 + m2) v 

Since both the objects stick, we take final velocity after the collision as v. 

Now v shall be: 

= m1u1 + m2u2/ m1 + m2 

The kinetic energy lost during the phenomenon shall be: 

E = 1/2 m1u
2
2 – 1/2 (m1 + m2) v

2  

Collision in Two Dimensions 

The below figure signifies collision in two dimensions, where the 

masses move in different directions after colliding. Here the moving mass 

m1 collides with stationary mass m2. The linear momentum is conserved 

in the two-dimensional interaction of masses. In this case, we see the 

masses moving in x,y planes.  

The x and component equations are:  

m1u1 = m1u2cosθ1 + m2v2cosθ2,  
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0 = m1u2sinθ1 -m2v2sinθ2  

For spherical objects that have smooth surfaces, the collision takes place 

only when the objects touch with each other. This is what happens in the 

games of marbles, carom, and billiards. 

3.7. ENERGY SOURCES 

Introduction to energy: The energy of a body is its capacity to do work. 

It is measured the total amount of work that the body can do. Energy is 

the primary and most universal measure of all kinds work by human 

beings and nature. Everything what happens the world is the expression 

of flow of energy in one of its forms. 

Different forms of energy: 

1. Mechanical energy (kinetic and potential) 

2. Thermal (or) Heat energy 

3. Chemical energy 

4. Electrical energy 

5. Nuclear energy 

6. Electromagnetic energy 

7. Gravitational energy 

The S.I unit of energy is Joule or KJ or Watt-hour. 
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1.  Primary Energy Sources 

Primary energy sources can be defined as sources which 

provide a net supply of energy Coal, Oil, Uranium etc., are examples 

of this type.  

The energy required to obtain these fuels is much use than 

what they can produce by combustion or nuclear reaction. The supply 

of primary fuels is limited. It becomes very essential to use these fuels 

sparingly. 

Examples: Coal, natural gas, oil and nuclear energy. 

2. Secondary Energy sources 

Secondary fuels produce no net energy. Though it may be necessary for 

the economy, these may not yield net energy. Secondary sources are like 

sun, wind, water (tides), etc. Solar energy can be used through plants, 

solar cells, solar heaters and solar collectors. Supplementary sources 

are defined as those whose net energy yield is zero and those 

requiring highest investment in terms of energy Insulation (thermal) is 

an example for this source. 

Conventional and non-conventional energy sources 

Conventional energy sources  

⚫ Fossil fuel energy  

Coal, petroleum, and natural gas are called Fossil fuel as these 

are formed by the decomposition of the remains of dead plants and 

animals buried under the earth for a long time. These are non-renewable 

sources of energy, which, if exhausted, cannot be replenished in a short 
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time. Their reserves are limited and are considered very precious. These 

should be used with care and caution to let them last long. These are 

also contributing to the global environmental pollution. 

Wood was dominant source of energy in the pre-industrialization era. It 

gave way to coal and coke. Use of coal reached a peak in the early part 

of the twentieth century. Oil gets introduced at that time and has taken 

a substantial share from wood and coal. Wood is no more regarded as a 

conventional source. Hydroelectricity has already growth to a stable 

level in most of the developed countries. 

 

Non-Conventional Energy Sources 

Introduction 

The sources of energy which are being produced continuously in nature 

and are in exhaustible are called renewable sources of energy (or) non-

conventional energy.  
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Some of the non-renewable sources are: 

⚫ Solar energy 

⚫ Wind energy 

⚫ Tidal energy 

⚫ Geothermal energy 

⚫ Energy from seas can be utilized as wave, tidal or ocean thermal 

energy. 

⚫ Solar energy 

Solar energy can be a major source of power. Its potential is 

178 billion MW which is about 20,000 times the world’s demand. 

Sun’s energy can be utilized as thermal and photovoltaic. 

Brief history of solar energy (or) Importance of solar energy: 

Energy from the sun is called solar energy. The Sun’s energy comes 

from nuclear fusion reaction that take place deep in the Sun. Hydrogen 

nucleus fuse into helium nucleus. The energy from these reactions flows 

out from the sun and escape into space. 
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⚫ Wind energy 

Winds are caused because of two factors. 

1.The absorption of solar energy on the earth’s surface and in the 

atmosphere. 

2.The rotation of the earth about its axis and its motion around the Sun. 

A wind mill converts the kinetic energy of moving air into Mechanical 

energy that can be either used directly to run the Machine or to run the 

generator to produce electricity. 

Wind energy uses the high wind velocity available in certain parts, 

California State in USA is generating 500 MW from 900 wind turbines 

based on wind mills. A minimum wind speed of 3 m/s is needed. 

This is considered to have a high efficiency. Coastal, hilly and valley 

areas are suitable for this process. 

⚫ Geothermal energy 

Geothermal energy derives the heat in the center of the earth. Energy 

from seas can be utilized as wave, tidal or ocean thermal energy. 

U.K. and Japan are pioneers in this area. Ocean thermal energy 

conversion utilizes the temperature difference between warm surface 

seawater at about 280c and the cold deep- s e a  water at 5-70c at a 

depth of 800-1000 m in tropical areas. 

⚫ Tidal energy 

Tidal energy is energy that can be trapped from sea. Tides are generated 

primarily by the gravitational attraction between the earth and the Moon. 

They arise twice a day in Mid- Ocean. The tidal range is only a Meter. 

Basically, in a tidal power station water at high tide is first trapped in an 
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artificial basin and then allowed to escape at low tide. The escaping water 

is used to drive water turbines, which in turn drive electrical generators. 

⚫ Biomass Energy 

Biomass is another renewable source of energy in the form of wood, 

agricultural residues, etc. The potential for agricultural residues alone 

is estimated as 480 mt with residues from food grains contributing about 

100mt. These can be burnt directly to generate steam for use in steam 

turbine for power generation or they can be gasified and the gas used 

in an internal combustion engine for agricultural pumping or power 

generation. Power generation is being tried on a small scale up to 1 MW. 

Biomass may prove a useful fuel for localized power generation in rural 

areas where electric transmission lines have not reached.  

Wind Energy: 

Energy of wind can be economically used for the generation of 

electrical energy. Winds are caused from two main factors. 

1.Heating and cooling of the atmosphere which generates convection 

currents. Heating is caused by the absorption of solar energy on the 

earth’s surface and in the atmosphere. 

2.The ratio of the earth with respect to atmosphere, and its motion around 

the sun. The energy available in the winds over the earth’s surface is 

estimated to be 1.6 x 107MW, which is of the same order of magnitude 

as the present energy consumption on the earth. 
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Some characteristics of wind energy are stated below: - 

(i) It is a renewable source of energy. 

(ii) Like all forms of solar energy, wind power 

systems are non-polluting, so it has no adverse 

influence on the environment. 

(iii) Wind energy systems avoid fuel provision and 

transport. 
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UNIT – IV 

Introduction 

This unit introduces the various types of motion that describe how 

objects move in different physical situations. Linear motion explains 

movement along a straight path, while projectile motion describes the 

curved path of objects under gravity. Circular and angular motions deal 

with objects moving in circles or rotating about an axis, which are 

essential in understanding planetary and mechanical systems. Simple 

Harmonic Motion explains periodic oscillations such as pendulums and 

springs. Satellite motion applies these principles to objects orbiting Earth 

and other celestial bodies. The concept of banking of curved roads 

demonstrates how physics ensures safety and balance in transportation. 

4.1. Motion: 

Motion can be defined as a phenomenon where the position of an 

object is changed over a time. A frame of reference is attached to an 

observer, and the change in location of the body relative to that frame is 

measured as time passes. Displacement, distance, velocity, acceleration, 

speed, and time are all mathematical words used to describe motion. An 

object is said to be at rest or motionless or immobile or stationary, or to 

have a constant or time-invariant location with respect to its surroundings 

if it does not change relative to a particular frame of reference. Absolute 

motion cannot be defined since there is no absolute frame of reference. As 

a result, everything in the cosmos may be thought of as being in motion. 

As motion can be applied to various systems of physics such as radiation, 

space-time, etc. and to shapes, images and boundaries as well, the motion 

can be said to change positions and configurations in space continuously. 
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Types of Motion: 

There are certain types of motion based upon state of motion, direction, 

etc. The types of motion are: 

1.     Oscillatory motion 

2.     Rotational motion 

3.     Translational motion 

4.     Uniform motion 

5.     Non- uniform motion 

6.     Periodic motion 

7.     Circular motion 

8.     Linear motion 

Let us understand in brief about each motion: 

1. Oscillatory motion: 

A motion which keeps on repeating itself is known as oscillatory 

motion. It is assumed that oscillatory motion continues forever if there 

would be an absence of friction, but in a practical situation, it stops 

eventually by reaching equilibrium. 

The best example of oscillatory motion can be a pendulum of a clock or 

the string of a musical instrument. 

2. Rotational motion: 

When an item travels along its axis, all of its pieces move for a 

different distance in a given amount of time, this is known as rotational 

motion. In this motion, the force which drives TM is counter balanced by 

resisting force TL and by dynamic force J dw/dt or inertia. 

This can be denoted as, TM – TL = J dw/dt 

Where J is inertia and is expressed in kg*m2 
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Examples of Rotational motion can be wheel rotating in a moving vehicle 

or Earth rotating at its own axis. 

3. Translational motion: 

Transitional motion occurs when all sections of an item move the 

same distance in the same amount of time. In translation motion, there are 

two segregations, Curvilinear Motion and Rectilinear Motion. 

1. Curvilinear Motion: When an object is following a curved path 

while being in transactional motion, it is said to be in Curvilinear 

Motion. 

2. Rectilinear Motion: When an object is following a straight-line 

path while being in transactional motion, it is said to be in 

Rectilinear Motion. 

Example of translational motion can be a cyclist cycling straight 

on the path.  

4. Uniform motion: 

Uniform motion occurs when an item moves at a consistent speed in a 

certain direction at regular periods of time. For instance, while a train 

moves at a constant speed in a straight-line, it is said to be in Uniform 

motion. Here, the value of friction would be zero. 

The equation of Uniform Motion can be derived as, 

Let v= initial and final velocity; t=time; and s= displacement; 

Therefore, s=vt 

Now, suppose, final velocity as v and initial velocity as u; consider a as 

an acceleration throughout time t; s= displacement, so 

v= u + at 

s= ut + 1/2at2 
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v2 – u2 = 2as 

Example of a train can be taken here. A train is said to be in a uniform 

motion when it is travelling in a straight path at a constant speed.  

5. Non-uniform motion: 

If an object is moving at a different velocity at a regular interval 

of time and is covering a different distance in interval of equal time, then 

it is called non-uniform motion. Here, the value of acceleration will be 

non-zero. 

Example of non-uniform motion can be a biker running his bike on a path 

which is not straight. 

Under non-uniform motion, there are two types of motion, uniformly 

accelerated non-uniform motion and non-uniformly accelerated non-

uniform motion. 

1. Uniformly accelerated non-uniform motion: When objects travel 

at various speeds in a time span of similar length and the 

acceleration remains constant. This indicates that in a given time 

interval, an object’s velocity will vary at a constant rate. 

2. non-uniformly accelerated non-uniform motion: 

When objects travel at various speeds in a given time interval and their 

acceleration varies across that time interval. This signifies that an object’s 

velocity does not fluctuate at a steady pace. 

6. Periodic motion: 

Periodic motion is basically similar to oscillatory motion, which 

means that motion keeps repeating itself after equal time intervals. 
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4.2. Linear, Projectile, Circular, Angular & Simple Harmonic Motion  

Circular motion: 

An object is said to be in circular motion when the object moves 

in a circular path constantly. Here, the object speed should be constant. 

Linear motion: 

A motion in a straight line, without any divergence is known as linear 

motion. 

Projectile: 

A projectile is an object that is propelled by the application of an 

external force and then moves freely under the influence of gravity and air 

resistance Although any objects in motion through space are projectiles, 

they are commonly found in warfare and sports (for example, a thrown 

baseball, kicked football, fired bullet, shot arrow, stone released from 

catapult. In ballistic, mathematical used to analyze 

projectile launch, flight, and imfact. 

Angular motion 

In the next few sections, we will see that the ideas we have 

developed for linear momentum and impulse apply to rotational motion as 

well. To describe rotational or angular motion we will need to 

develop rotational analogs of the various variables and concepts we have 

been using. Force, acceleration, momentum, velocity, and impulse all 

have rotational analogs. Newton's Laws, the concept that impulse equals 

change in linear momentum, the principle of conservation of momentum 

all have analogs in rotational motion. 

In the impulse-momentum model, we focused both on the 

properties of forces and the momentum transfers governing the connection 
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of force to motion. Now we extend the formalism to enable us to analyse 

and make sense of the motion of extended objects that can rotate as well 

as translate. When objects translate, we say that they have linear 

momentum. When objects rotate, we will describe their motion 

with angular momentum (which could also be called "rotational 

momentum"). We will introduce a couple of additional 

concepts: torque (rotational analogue of force) and rotational 

inertia (rotational analogue of mass).  Although torque arises directly 

from the presence of a force, it is a rather different quantity. We will see 

that not all forces result in torques, and that torque also depends on the 

exact location of where the force is applied. Even the units of torque are 

different from the units of force. Angular momentum is analogous to 

momentum (translational or linear momentum) but the two types of 

momentum describe different physical situations. The impulse-

momentum model stated that the momentum of an object is conserved if 

there is no net external force acting on it. We will find that angular 

momentum of an object is conserved if there is no net 

external torque acting on it (even if there is a net force). Similarly, a 

transfer of angular momentum is called angular impulse.  

Rotational Velocity 

We begin by developing some useful relationships to describe the 

motion of a point object. Figure shows a wheel, with radius R which 

rotates around its centre.  The question that we want to ask is how do we 

describe the motion of the wheel.  We can attempt to use our developed 

ideas of linear velocity. Let us focus on two arbitrary points on the wheel 

(marked with red and blue points in the figure). The direction of the 
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velocity of each point is tangent to the circle since the wheel rotates about 

its centre. The magnitude of the two velocities will be different. The red 

dot on the outer rim moves the entire circumference of the wheel, 2πr, over 

the same period of time as the blue dot moves a much smaller distance, 

since it covers a smaller circumference being closer to the centre of the 

wheel. 

 

 

Figure: Rotational Analog of Velocity 

4.3. Simple Harmonic Motion  

In mechanic and physics, simple harmonic motion is a special 

type of periodic motion an object experiences by means of a magnitude is 

directly proportional to the distance of the object from an equilibrium 

position and acts towards the equilibrium position. It results in 
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an oscillation that is described by a sinusoidal which continues 

indefinitely (if uninhibited by friction or any other dissipation of energy).  

Simple harmonic motion can serve as a mathematical model for a 

variety of motions, but is typified by the oscillation of a mass on 

a spring when it is subject to the linear elastic restoring force given 

by Hooks law. The motion is sinusoidal in time and demonstrates a 

single resonant frequency.  

Other phenomena can be modeled by simple harmonic motion, 

including the motion of a simple pendulum, although for it to be an 

accurate model, the net force on the object at the end of the pendulum 

must be proportional to the displacement (and even so, it is only a good 

approximation when the angle of the swing is small; see small angle 

approximation).  

Simple harmonic motion can also be used to model molecular 

vibration. Simple harmonic motion provides more complicated periodic 

motion through the given technique. 

4.4. Banking of crude roads 

Banking of roads is defined as the phenomenon in which the outer 

edges are raised for the curved roads above the inner edge to provide the 

necessary centripetal force to the vehicles so that they take a safe turn. 

Now, let us recall, what is centripetal force?  

It is the force that pulls or pushes an object toward the centre of a 

circle as it travels, causing angular or circular motion. In the next few 

sections, let us discuss the angle of banking and the terminologies used in 

the banking of roads. Another terminology used is banked turn which is 
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defined as the turn or change of direction in which the vehicle inclines 

towards inside.  

The angle at which the vehicle is inclined is defined as the bank 

angle. The inclination happens at the longitudinal and horizontal axis. 

Angle of Banking 

Consider a vehicle of mass ‘m’ with moving speed ‘v’ on the banked road 

with radius ‘r’. Let ϴ be the angle of banking, with frictional force f acting 

between the road and the tyres of the vehicle. 

Total upwards force = Total downward force 

N cosΘ = mg + f sinΘ 

 

Where, 

N cosΘ - one of the components of normal reaction along the vertical axis 

Mg - weight of the vehicle acting vertically downward 

F sinΘ - one of the components of frictional force along the vertical axis 

therefore,  mg = N cosΘ – f sinΘ           ------------------1 

mv2/r = N sinΘ + f cosΘ        --------------------2 

Where, 

N sinΘ - one of the components of normal reaction along the horizontal 

axis 

F cosΘ - one of the components of frictional force along the horizontal 

axis 

(after diving eq.1 and eq.2) 

𝑣2

𝑟𝑔
 = 

sin𝜃 + 
𝑓

𝑁
 𝑐𝑜𝑠𝜃

𝑐𝑜𝑠𝜃 − 
 𝑓

𝑁
 𝑠𝑖𝑛𝜃

 

Where,       μ = 
𝑓

𝑁
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𝑣2

𝑟𝑔
 = 

sin𝜃 +  𝜇 𝑐𝑜𝑠𝜃

𝑐𝑜𝑠𝜃−𝜇 𝑠𝑖𝑛𝜃
 

V2 = rg ( 
sin𝜃 +  𝜇 𝑐𝑜𝑠𝜃

𝑐𝑜𝑠𝜃−𝜇 𝑠𝑖𝑛𝜃
) 

V = √rg ( 
sin𝜃 +  𝜇 𝑐𝑜𝑠𝜃

𝑐𝑜𝑠𝜃−𝜇 𝑠𝑖𝑛𝜃
) 

Where, 

v = Velocity of the vehicle 

r = Radius of the curved road 

g = Acceleration due to gravity 

θ = Angle of banking 

μ = Co-efficient of friction 

 

 

 

 

 

 

 

 

This equation shows that banking of roads and friction together help 

vehicles move safely on curved paths without skidding. 

Streamline and turbulent motion  

Streamlines are defined as directly elected by the particles of the fluids 

below constant flow circumstances. If we constitute the flow lines with 

curves, Then the tangent drawn from any point on the curve tells us about 

the direction of the fluid velocity at the point given to us. 
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4.5. STREAMLINE AND TURBULENT FLOW 

The difference between streamline and turbulent flow could be 

understood with the following: 

LAMINAR AND TURBULENT BOUNDARY LAYERS 

A boundary layer is defined as both laminar and turbulent. A laminar 

boundary layer is referred to when the flow is in different layers, i.e. when 

layers move smooth and glide over side layers. On the other hand, a 

turbulent boundary layer is inferred as one where the flow of layers keeps 

on mixing. 

REYNOLDS NUMBER FORMULA 

The formula for the Reynolds number could be written as: 

ρμ = VL 

Where, 

ρ = density of fluid 

V = velocity of fluid 

μ = viscosity of fluid 

L = length or diameter of the fluid. 

Based on the different values of ρμ, we can infer that: 

1. If ρμ < 2000, the flow is called Laminar 

2. If ρμ > 4000, the flow is called turbulent 

3. If 2000 < ρμ < 4000, the flow is called transition. 

REYNOLDS NUMBER UNITS 

The variables in Reynolds number possess different units. These are as 

follows: 

• R in the Reynolds number unites 

• ρ in the fluid density is taken in kilograms-per-cubic-meter (kg/m3) 
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• v in the velocity is taken in meters-per-second (m/s) 

• D in the diameter of the pipe is always in meters (m) 

• μ in the viscosity of the fluid is taken in pascal-seconds (Pa s) 

4.6. Wave Motion   

The journal was established in 1979 by editor chief in 2011, 

Andrew N. Norris joined as co-editor in chief, and became sole editor in 

chief in 2012. The role of editor in chief passed in 2017 and K.W. Chow 

became deputy editor in chief at this time.  

In physics, mathematics, engineering, and related fields, 

a wave is a propagating dynamic disturbance (change from) of one or 

more quantities. Periodic wave oscillates repeatedly about an equilibrium 

(resting) value at some frequency. When the entire waveform-moves in 

one direction, it is said to be a travelling wave; by contrast, a pair 

of superimpose periodic waves traveling in opposite directions makes 

a standing wave. In a standing wave, the amplitude of vibration has nulls 

at some positions where the wave amplitude appears smaller or even zero. 

 
There are two types of waves that are most commonly studied 

in classical physics: mechanical waves and electromagnetic wave. In a 

mechanical wave, stress and strain fields oscillate about a mechanical 

https://en.m.wikipedia.org/wiki/Stress_(mechanics)
https://en.m.wikipedia.org/wiki/Strain_(mechanics)
https://en.m.wikipedia.org/wiki/File:2006-01-14_Surface_waves.jpg
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equilibrium. A mechanical wave is a local deformation strain in some 

physical medium that propagates from particle to particle by creating 

local cause strain in neighbouring particles too.  

For example, sound waves are variations of the 

local pressure and particles motion that propagate through the medium. 

Other examples of mechanical waves are seismic wave, gravity 

wave, surface wave and string vibration.  

In an electromagnetic wave (such as light), coupling between the 

electric and magnetic fields sustains propagation of waves involving these 

fields according to maxwells equation. Electromagnetic waves can travel 

through a vacuum and through some dielectric media (at wavelengths 

where they are considered transparent).  

Electromagnetic waves, as determined by their frequencies 

(or wavelength ), have more specific designations including radio waves, 

teratazh wave, visible light, ultraviolet radiation, x-ray and gamma rays.  

Other types of waves include which are disturbances in propagate 

according to that combine mechanical deformations and electromagnetic 

fields such as in the many more. Mechanical and electromagnetic waves 

transfer an, but they do not transfer particles in the medium. In 

mathematics and waves are studied as on the other hand, some waves have 

which do not move at all such as (which are fundamental to music)  

4.7. Comparison of light and sound wave 

Light waves can propagate through vacuum as they do not 

disappear after some time and hence do not require medium for 

propagation. However, sound waves are types of mechanical waves. 

Sound waves require a medium for its production and propagation. 

https://en.m.wikipedia.org/wiki/Radio_wave
https://en.m.wikipedia.org/wiki/Visible_light
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Light and sound waves differ in several ways, including: 

• Type of wave: Light waves are electromagnetic waves, while 

sound waves are mechanical waves.  

• Direction of vibration: Light waves vibrate in two directions, up 

and down, and left and right. Sound waves vibrate in the same 

direction they travel.  

• Medium: Light waves can travel through a vacuum, while sound 

waves require a material medium.  

• Speed: The speed of light is constant, while the speed of sound 

can change.  

• Polarization: Light waves can be polarized, while sound waves 

cannot.  

Here are some more differences between light and sound waves: 

• Frequency: The frequency of visible light is around 400–700 

terahertz (THz). The frequency of sound that humans can hear is 

around 20–20,000 Hz.  

• Wavelength: The wavelength of visible light is around 400–700 

nanometers. The wavelength of sound waves in air at standard 

temperature and pressure is around 17 mm–17 m.  

• Visibility: Light can be seen, while sound can be heard.  

4.8. Free oscillation  

Free oscillation is the natural motion of a system that occurs 

without any external force. In this type of oscillation, the amplitude, 

frequency, and energy remain constant.  Examples of free oscillation A 

pendulum swinging in a vacuum, A tuning fork vibrating, and the sound 

of a musical instrument.  
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What happens in reality?  

• In real-world systems, damping is always present, which causes 

the amplitude of the oscillation to decrease over time.  

• To overcome damping, a constant external force can be applied.  

Related types of oscillation: 

• Forced oscillation 

An external force drives the system, causing it to oscillate at the 

frequency of the force.  

• Damped oscillation 

The system loses energy due to friction or other resistive forces, 

causing the amplitude to decrease.  

Free, forced, and damped oscillations are important in many fields, 

including physics, engineering, and music.  

Forced oscillation  

The phenomenon of setting a body into vibrations with the 

external periodic force having the frequency different from natural 

frequency of body is called forced vibrations and the resulting oscillatory 

system is called forced or driven oscillator. For example, if we hold a 

pendulum bob in the hand, the pendulum can be given any number of 

swings per second by moving hand.  
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The pendulum oscillates with frequency of the motion of hand and 

not with its own natural frequency. At insignificant damping, when the 

natural frequency of the vibrating body matches (is equal to) the frequency 

of the external periodic force, body oscillates with large amplitude. These 

resulting vibrations are called Resonant Force Vibrations or Resonant 

vibrations or Sympathetic vibrations; the phenomenon is simply termed as 

Resonance. A very small periodic force may produce resonant vibrations 

of extremely large amplitude if friction in the system is low.  

In forced vibration, the energy drawn from the source may be 

either used to raise the potential or kinetic energy of the system. When the 

frequency of the external periodic force is adjusted so that the amplitude 

of the system raises to its maximum value, then we call such resonance as 

‘Amplitude resonance’. In this case potential energy of the system is of 

maximum value. When the frequency of the external periodic force is 

adjusted to increase the velocity to its maximum value, then phenomena 

is termed as ‘Velocity Resonance’. 

Damped oscillation  

Damped oscillation is a type of oscillatory motion where the 

amplitude of the oscillation decreases over time. This occurs due to 

external forces such as friction or air resistance that remove energy from 

the system.  

Explanation: 

• Damping: The resistance that slows down the oscillation  

• Energy loss: The energy of the system decreases as the amplitude 

decreases  
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• Types of damped oscillation: Under-damped, over-damped, and 

critically damped 

• Undamped oscillation: The opposite of damped oscillation, 

where the amplitude remains constant  

• Forced damped oscillation: When an external force stops the 

oscillation, such as in a shock absorber  

Examples: 

✓ Friction: A frictional force acts on a block attached to a spring, 

causing the block to  oscillate  

✓ Air resistance: Air resistance removes energy from the system, 

causing the amplitude to  decrease  

✓ Magnetic damping: Electric eddy currents are induced when a 

coil or aluminum plate passes through a magnet's poles, 

creating a resistive force  

Damped Oscillation: 

Damped Oscillation is defined as the rate at which the amplitude 

decreases is proportional to the square of the amplitude. There are three 

types of damped oscillation, underdamped, over damped, and critically 

damped oscillation. Damped Oscillation means the oscillating system 

experiences a damping force, causing its energy to decrease gradually. 

The level of damping affects the frequency and period of the oscillations, 

with very large damping causing the system to slowly move toward 

equilibrium without oscillating. 

  

 



89 | P a g e  
 

UNIT -V 

Introduction 

This unit introduces the important properties of liquids and materials that 

influence many natural phenomena and practical applications in daily life. Surface 

tension explains the tendency of liquid surfaces to behave like stretched 

membranes, which determines the spherical shape of liquid drops. The angle of 

contact describes how liquids interact with solid surfaces, helping us understand 

wetting and non-wetting behaviors. Viscosity refers to the internal resistance of 

fluids to flow, while lubricants reduce friction and wear in machines by controlling 

viscosity. Capillary flow explains the movement of liquids through narrow tubes, 

as seen in plant water transport and ink pens. Diffusion describes the movement of 

particles from regions of higher concentration to lower concentration, essential in 

biological and industrial processes. 

CONTENTS : 

• Surface Tension 

• Shape of Liquid Drop 

• Angle of Contact 

• Viscosity 

• Lubricants 

• Capillary Flow 

• Diffusion-Real Life Examples 

• Properties and Types of Materials in Daily Use-Conductors and 

Insulators 

• Thermal and Electric Insulators 
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5.1. SURFACE TENSION: 

The surface tension of a liquid can be defined as the tension [force 

per unit length] of the surface film of liquid caused by the attraction of the 

particles in the surface layer by the bulk of the liquid, which tends to 

minimize surface area. (or) 

“Surface tension is a property of liquids characterized by the surface 

molecules’ tendency to shrink into a lower surface area as a result of bulk 

force from inner molecules. 

SI unit of surface tension is Newton per Meter. 

COHESIVE FORCE AND ADHESIVE FORCE: 

 

 

 

 

 

 

 

 

COHESIVE FORCE: force of attraction between same molecules  

ADHESIVE FORCE: force of attraction between two different 

molecules. 

⚫ The particles on the surface of a liquid experience a pulling force 

from the rest of the liquid, thereby causing a thin elastic-like film to 

appear on the surface. Thus, we can say that surface tension is caused 

by cohesive forces that pull liquid molecules together. 
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5.2. SHAPE OF A LIQUID DROP 

Droplets have different shapes. This is because of the effect of the forces 

acting on the drop.  

The force which dominates other forces will decide the shape of the drop.  

So here first look into the total forces acting on the drop and the effect of 

those forces. 

There are two factors on which the shape of a liquid drop depends: 

• Surface Tension 

• Gravitational Force  

Case I: When Gravitational Force is greater than Surface Tension: 

Due to the gravitational force, the molecules of the drop will experience a 

downward force. Whereas, due to surface tension the particles of the drop 

will try to reduce the surface area of the drop. It will be in an oval shape. 

The size of the drop will be large. 

Since the gravitational force is greater than surface tension, so in this case, 

the shape of the drop will not be spherical.  

Case II: When Surface Tension is greater than Gravitational Force: 

Since surface tension is greater than gravitational force; due to surface 

tension the molecules of water droplets will exert a large force of attraction 

to reduce the surface area, therefore, the size of the water droplet will be 

spherical. 
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5.3. ANGLE OF CONTACT 

Definition: The angle of contact, also known as the contact angle, refers 

to the angle formed at the interface between a liquid and a solid surface. It 

is the angle between the tangent line at the point of contact and the solid 

surface, as measured through the liquid phase. The angle of contact 

provides information about the wetting behavior of the liquid on the solid 

surface. The angle of contact is influenced by intermolecular forces 

between the liquid, solid, and surrounding medium. It can be classified 

into three categories: 
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Wetting 

If the liquid spreads over the solid surface and wets it effectively, forming 

a relatively flat contact area, the angle of contact is less than 90 degrees. 

This is referred to as a small or acute angle of contact. The liquid is said 

to be wetting the solid surface.  

 

Non-wetting 

If the liquid forms a droplet on the solid surface and does not spread, 

resulting in a large angle of contact greater than 90 degrees, it is referred 

to as a non-wetting or a large angle of contact. The liquid does not 

effectively wet the solid surface. 

 

Partial Wetting 

In some cases, the liquid wets the solid surface to a certain extent, 
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but not completely. The angle of contact falls between 0 and 90 degrees, 

indicating partial wetting. The angle of contact plays a significant role in 

various scientific and practical applications.  

 

It affects phenomena such as adhesion, surface tension, capillary 

action, and the behavior of droplets on surfaces. Understanding and 

controlling the angle of contact is crucial in fields such as materials 

science, surface chemistry, surface coating, and fluid dynamics 

5.4. VISCOSITY 

Definition: Viscosity is a measure of a fluid’s resistance to flow. 

The SI unit of viscosity is Poiseuille (PI). Its other units are newton-second 

per square meter (N s m-2) or pascal-second (Pa s.) The dimensional 

formula of viscosity is [ML-1T-1]. 

Here, is the chart of viscosity which shows the viscosity of different 

liquids. 

 

The viscosity of liquids decreases rapidly with an increase in temperature, 

and the viscosity of gases increases with an increase in temperature. Thus, 

upon heating, liquids flow more easily, whereas gases flow more slowly. 

Also, viscosity does not change as the amount of matter changes, therefore 
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it is an intensive property. 

Viscosity Formula 

Viscosity is measured in terms of a ratio of shearing stress to the velocity 

gradient in a fluid. If a sphere is dropped into a fluid, the viscosity can be 

determined using the following formula: 

 

 

 

Where ∆ρ is the density difference between fluid and sphere tested, a is 

the radius of the sphere, g is the acceleration due to gravity and v is the 

velocity of the sphere. 

Viscosity Types 

Viscosity is the measure of fluid’s friction to its flow. There are two ways 

to measure the fluid’s viscosity as follows: 

• Dynamic Viscosity (Absolute Viscosity) 

• Kinematic Viscosity 

One way is to measure the fluid’s resistance to flow when an external force 

is applied. This is known as Dynamic Viscosity. And the other way is to 

measure the resistive flow of a fluid under the weight of gravity. We call 

this measure of fluid viscosity kinematic viscosity. 

Many are confused between the two viscosity measures and consider them 

to be one and the same. They have significant differences between them. 

For a few applications, kinematic viscosity is more useful than absolute or 

dynamic viscosity. 
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5.5. LUBRICANTS 

Definition 

A lubricant (sometimes shortened to lube) is a substance that helps to 

reduce friction between surfaces in mutual contact, which ultimately 

reduces the heat generated when the surfaces move. It may also have the 

function of transmitting forces, transporting foreign particles, or heating or 

cooling the surfaces. 

TYPES OF LUBRICANTS 

SOLID LUBRICANTS: Solid lubricants are solids applied to friction 

surfaces to reduce friction and wear and prevent surface damage. They 

may be in the form of powders, films or composite materials. They include 

substances with layered structures such as molybdenum sulfide and 

graphite. 

EXAMPLES: Moly, graphite and Teflon 

SEMI- SOLID LUBRICANTS: The essential semi-solid lubricants 

include grease, Vaseline waxes and other substances made up of fats and 

oil. They are semi-solid since they aren't solids or liquids at average 

temperatures. 

EXAMPLES: Grease, Vaseline 

LIQUID LUBRICANTS: It includes animal oils, vegetable oils, 

petroleum oils, synthetic lubricants. 

Animal oils: tallow oil, whale oil etc. Vegetable oils: castor oil, palm oil 

etc Petroleum oils: petroleum fractions. synthetic lubricants: polyglycol, 

silicones etc 
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5.6. CAPILLARY FLOW 

Definition: Capillary action (sometimes called capillarity, capillary 

motion, capillary rise, capillary effect, or wicking) is the process of a liquid 

flowing in a narrow space without the assistance of external forces like 

gravity. 

The effect can be seen in the drawing up of liquids between the hairs of a 

paint- brush, in a thin tube such as a straw, in porous materials such as 

paper and plaster, in some non-porous materials such as clay and liquefied 

carbon fibre, or in a biological cell. 

 

 

It occurs because of intermolecular forces between the liquid and 

surrounding solid surfaces. If the diameter of the tube is sufficiently small, 

then the combination of surface tension (which is caused by cohesion 

within the liquid) and adhesive forces between the liquid and container 

wall act to propel the liquid. 
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Capillary penetration in porous media shares its dynamic mechanism with 

flow in hollow tubes, as both processes are resisted by viscous forces. 

Consequently, a common apparatus used to demonstrate the phenomenon 

is the capillary tube. When the lower end of a glass tube is placed in a 

liquid, such as water, a concave meniscus forms. Adhesion occurs between 

the fluid and the solid inner wall pulling the liquid column along until there 

is a sufficient mass of liquid for gravitational forces to overcome these 

intermolecular forces. The contact length (around the edge) between the 

top of the liquid column and the tube is proportional to the radius of the 

tube, while the weight of the liquid column is proportional to the square 

of the tube's radius. So, a narrow tube will draw a liquid column along 

further than a wider tube will, given that the inner water molecules cohere 

sufficiently to the outer ones. 

Paper towels absorb liquid through capillary action, allowing a fluid to 

be transferred from a surface to the towel. The small pores of a sponge act as 

small capillaries, causing it to absorb a large amount of fluid. Some textile 

fabrics are said to use capillary action to "wick" sweat away from the skin. 

These are often referred to as wicking fabrics, after the capillary properties of 
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candle and lamp wicks Capillary action is observed in thin layer 

chromatography, in which a solvent moves vertically up a plate via 

capillary action.  

In this case the pores are gaps between very small particles. 

Capillary action draws ink to the tips of fountain pen nibs from a reservoir 

or cartridge inside the pen. With some pairs of materials, such as mercury 

and glass, the intermolecular forces within the liquid exceed those between 

the solid and the liquid, so a convex meniscus forms and capillary action 

work in reverse. 

5.7. DIFFUSION -REAL LIFE EXAMPLES 

Definition: Diffusion is the natural movement of particles from an area 

of higher concentration to an area of lower concentration due to random 

molecular motion. Movement will continue until a state of equal 

concentration occurs. 

Liquid and gases undergo diffusion as the molecules can move randomly. 

 

Example: 

Take water in a beaker. Add a few copper sulfate crystals in one place and leave it 

as it is for some time without disturbing it. After some time, we can see that the 

beaker contains a uniformly colored solution. Here, both water and copper 
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sulfate diffuse independently. With this experiment, we can infer that solutes 

move from a higher concentration to a lower concentration in a solution. 

 

 

 

 

 

 

 

 

 

Types of Diffusion 

Diffusion is widely used in various fields such as biology, physics, chemistry, 

etc. Diffusion can be classified into two main types: Simple diffusion and 

facilitated diffusion. 

Simple diffusion 

A process in which the substance moves through a semipermeable membrane 

or in a solution without any help from transport proteins. For example, bacteria 

deliver small nutrients, water and oxygen into the cytoplasm through simple 

diffusion. 

 

 

 

 

 

 

 

 

Facilitated diffusion is a passive movement of molecules across the cell 

membrane from the region of higher concentration to the region of lower 
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concentration by means of a carrier molecule. 

Dialysis: It is the diffusion of solutes across a selectively permeable 

membrane. A selectively permeable membrane is one that allows only specific 

ions and molecules to pass through, while it obstructs the movement of 

others. 

Osmosis: It is the movement of solvent molecules from the region of lower 

concentration to the region of higher concentration through a semipermeable 

membrane. Since water is solvent in every living being, biologists define 

osmosis as the diffusion of water across a selectively permeable membrane. 

For example, plants take water and minerals from roots with the help of 

osmosis. 

 

 

 

 

 

 

 

 

 

Factors affecting Diffusion 

There are a few factors that affect the process of diffusion, which individually and 

collectively alters the rate and extent of diffusion.  

Significance of Diffusion:  

Diffusion is an important process, which is involved in the different life 

processes. As mentioned above, it is the net movement of particles, ions, 

molecules, solution, etc. In all living species, diffusion plays an important 
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role in the movement of the molecules during the metabolic process in 

the cells. 

Diffusion is important for the following reasons: 

• During the process of respiration, this process helps in diffusing the 

carbon dioxide gas out through the cell membrane into the blood. 

•  Diffusion also occurs in plant cells. In all green plants, water 

present in the soil diffuses into plants through their root hair cells. 

• The movement of ions across the neurons that generates electrical 

charge is due to diffusion. 

5.8. CONDUCTORS AND INSULATORS 

What Are Conductors? 

An electrical conductor is defined as materials that allow electricity to flow 

through them easily. This property of conductors that allow them to 

conduct electricity is known as conductivity. 

The flow of electrons in a conductor is known as the electric current. The 

force required to make that current flow through the conductor is known 

as voltage. 

When a charge is transferred to such an element, it gets distributed across 

the entire surface of the object, which results in the movement of electrons 

in the object. The charges transferred to an electrical conductor distribute 

until the force of repulsion between electrons in areas of excess electrons 

is decreased to the minimum value. When such an object is brought in 

contact with another conductor, the charge gets transferred from the first 

conductor to the other until the overall repulsion due to charge is 

minimized. 

Metals, humans, and earth are all conductors. This is the reason why we 
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get electric shocks! 

Examples of conductor 

Graphite, the human body, and the earth are good conductors of electricity. 

Some of the common conductor examples include metals such as: Copper, 

Gold, Iron 

 

 

 

 

 

 

 

 

 

 

5.9. THERMAL CONDUCTORS: 

A thermal conductor is a material that allows energy in the form of heat, 

to be transferred within the material, without any movement of the material 

itself. An easy way to understand this concept is through a simple 

demonstration. 

Thermal conductivity Aim 

To demonstrate the ability of different substances to conduct heat. 
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What Are Insulators? 

Insulators are materials that hinder the free flow of electrons from one 

particle of the element to another. If we transfer some amount of charge to 

such an element at any point, the charge remains at the initial location and 

does not get distributed across the surface. The most common process of 

charging of such elements is charging by rubbing (for some elements, with 

the help of suitable materials). 

Examples of insulators 

Some of the common insulator examples are given below: 

• Plastic 

• Wood 

• Glass 

• Band Theory of Insulators: The band gap energy between the 

conduction band and the valence band, the prohibited energy gap, 

is relatively large. It is for this reason that such compounds have 

no conductivity. 

• In the case of an insulating material, a significant forbidden 
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difference exists between the valence band and the conduction 

band. As a result, such materials are called insulators since they 

cannot carry electricity. 

• The forbidden energy gap between the conduction and valence 

bands in insulators is large enough, roughly 7eV. The diamond is 

an insulator with a forbidden energy gap of approximately 6eV. 

These materials may only conduct at extremely high temperatures 

or when exposed to a high voltage. 

• insulation breakdown, sometimes known as “insulator 

breakdown,” is an uncommon kind of conduction. Wood, glass, 

paper, mica, and other insulating materials are available.  

THERMAL INSULATORS 

An insulator is a material that does not allow a transfer of 

electricity or energy. Materials that are poor thermal conductors can also 

be described as good thermal insulators. Thermal insulation provides a 

region of insulation in which thermal conduction is reduced, creating a 

thermal break or thermal barrier, or thermal radiation is reflected rather 

than absorbed by the lower-temperature body. The insulating capability of 

a material is measured as the inverse of thermal conductivity (k). 

Thermal conductivity k is measured in watts-per-meter per kelvin 

(W·m−1·K−1 or W/mK). 

USES OF THERMAL INSULATORS: 

⚫ Thermal insulation is crucial in managing energy efficiency and 

comfort in homes and buildings. Effective insulation reduces energy 

consumption, saving money and lowering environmental impact.  
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⚫ Thermal insulation refers to materials that reduce heat transfer 

between objects or spaces. These materials can slow down heat loss 

in winter and keep interiors cool in summer. Insulation improves 

energy efficiency and maintains a consistent indoor temperature. 

⚫ Thermal insulation works by trapping air or other gases, creating a 

barrier to heat flow. This barrier helps in maintaining desired 

temperatures, reducing the need for heating and cooling systems. 

Proper insulation enhances comfort, lowers energy bills, and reduces 

carbon footprint. It is a key factor in sustainable building design. 

 

 

Thank You 
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