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Chapter 4

Systems of Particles

EMBARK on a fascinating exploration of particle systems and the interesting concept of the

center of mass in solid objects. This comprehensive review reveal the dynamics of momentum

changes within systems of variable mass, smoothing the principles that govern their behavior.

As we examine deeper, witness the practical application of these principles in the fascinating

realm of rocket motion. From understanding particle systems to unraveling the secret of mo-

mentum in variable mass scenarios, join us on a journey through the complexity of physics,

where theoretical knowledge seamlessly converges with real-world applications.

A continuous system of particles is that in which the separation of particles is very small such

that it approaches zero. An extended object is a continuous system of particles. When an object

rotates as it moves or when its parts vibrate relative to one another, it would not be valid to

treat the entire object as a single particle. There is one point of object whose motion under the

influence of external forces can be analyzed as that of single particle, is called center of mass.

The center of mass is a position defined relative to an object or system of objects. It is the

average position of all the parts of the system, weighted according to their masses. For simple

rigid objects with uniform density, the center of mass is located at the centroid. In this chapter,

we describe how to find center of mass of different objects. Moreover, we discuss about linear

momentum, conservation ofl inear momentum and its applications including rocket motion.

4.1 Systems of Particles

Question Define and explain particle systems. Also, explain the two particle andmany

particle system. Calculate the velocity and acceleration for that systems.

Two Particle System

Consider, a system of two particles of massmes 1 andm2 are separated by distancxe. The center

of mass is a point where all the mass of a system is concentrated and total applied external

forces act at this point. It moves with constant vevlocity c.m in the absence of net external force.

From Fig.(4.1)x, 1 andx 2 are the positions mof 1 andm 2 relative to origin andx if c.m is position

of center of mass relative to origin then;

Distance or moment armmof 1 relative to c.m= #»x c.m−
#»x 1

Distance or moment armmof 2 relative to c.m= #»x 2−
#»x c.m
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Chapter 6

Gravitation

GRAVITATION, a force everywhere in the universe, underlies the attraction between

masses, shaping celestial dynamics. The universal gravitational law, formulated by Newton,

quantifies this force’s universality and strength. Henry Cavendish’s groundbreaking experiment

measured the gravitational constant (G), pivotal for understanding gravitational interactions.

Exploring the gravitational effect of a spherical mass distribution unveils insights into celes-

tial bodies’ structural influence. Gravitational potential energy describes the energy associated

with an object’s position in a gravitational field. Calculating escape velocity reveals the mini-

mum speed required for an object to overcome gravitational pull, a crucial concept in space

exploration. Understanding the gravitational field and potential further refines our comprehen-

sion of gravitational interactions. Distinguishing radial and transversal components of velocity

and acceleration explain the complex nature of celestial motion. This insight is particularly rele-

vant in analyzing the trajectories of satellites, whose motion is governed by gravitational forces

and Kepler’s laws. Similar principles extend to planetary motion, where energy considerations

play a key role in understanding the intricate dance of celestial bodies within our solar system.

The application of the universal law extends even beyond, shaping the dynamics of galaxies

on a grand scale. In this vast cosmic ballet, gravitational forces dictate the motion of celestial

objects, providing a cohesive framework to comprehend the wonders of the universe.

6.1 Gravitation and Universal Gravitation Law

Question Define gravitation. Also, define and explain the universal law of gravitation

by using the Newton’s idea.

Gravitation

The property of a massive particle or big body to attract every other particle is known

as gravitation. Gravitational property of earth is known as gravity. Every body in universe pos-

sesses two properties inherently due to its mass:

• Inertia • Gravitation

Newton got the idea of gravitation by fall of an apple and applied this property of gravitation to

the motion of earth and heavenly bodies. There are three overlapping realm into which we can

discuss gravitation:

• The gravitational attraction between two bowling balls.

10 



Chapter 7

Rotational Dynamics

EMBARK on a captivating journey through the principles of rotational dynamics, where we

explore the intricate relationship between linear and angular variables. Unveil the secrets of

kinetic energy within rigid bodies and delve into the parallel axis theorem and perpendicular

axis, unraveling their profound implications. Navigate the complexities of rotational dynamics for

rigid bodies and witness the seamless integration of translational and rotational motion. Finally,

immerse yourselfi n the fascinating world of rolling without slipping. Join us in this exploration,

as we unravel the dynamic interplay between motion, energy, and the fascinating mechanics of

rotating systems.

In this chapter, we shall consider the causes of rotation which forms a subjecrtoctaatllieodnal

dynamics. When a force is applied at a certain location to a rigid body, it rotates about any

particular axis, the resulting motion depends upon the magnitude and location of the application

of the force. From experiments, we know that a given force applied to a body at one location

may produce a different rotation at some other location.

The quantity which takes into account both the magnitude of the force applied, location and the

direction in which it is applied is called torqItuies.also defined as the turning effect off orce

produced in a body about an .axJuisst as we regard force as push or pull, we can regard

torque as twist.

7.1 Relationship Between Linear and Angular Variables

Question What is torque? Discuss the relationship between linear and angular vari-

ables in scalar and vector forms. Also, discuss about rotational inertia / moment of

inertia.

We also know from experiments that the effect required to put a body into rotation depends on

the distribution of mass in the body. The closer the mass to the axis of rotation, the easier it

is for the force to rotate the body about that axis. This inertial quantity that takes into account

the distribution of mass of the body around the axis of rotation is called rotational inertia and

is an intrinsic property of everything that has mass and defined body or shape like mass. The

equation for rotational dynamics is:

Torque= τ = Moment ofi nertia×Angular acceleration= I α
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Chapter 9

Bulk Properties of Matters

THE exploration of matter involves delving into its various character, including bulk properties

and elastic behavior. Bulk properties encircle characteristics like density and volume, crucial for

understandingmaterial interactions. Elastic properties, which include tension, compression, and

shearing, delve into how substances deform under stress. Elastic modules like Young’s modulus

and Poisson ratio establish vital relationships, shaping our comprehension of material behavior.

Surface tension, a force at liquid interfaces, plays a pivotal role in forming droplets and bubbles.

Additionally, fluid flow through cylindrical pipes, described by Poiseuille’s law, contributes to our

knowledge offl uid dynamics in practical applications.

Matter is divided into three states: solid, liquid and gas. A solid has a definite volume and shape,

a liquid has definite volume but no definite shape and a gas has neither definite volume nor

definite shape. A fluid is a collection of molecules that are randomly arranged and held together

by weak cohesive forces and forces exerted by the walls of a container. Both liquids and gases

are fluids. Fluid dynamics deals with the aspects offl uid flow. Note that the extent to which fluids

yield to shearing forces depends on a quantity called the viscosity which is the main topic of this

chapter. We can understand the phases of matter and what constitutes a fluid by considering

the forces between atoms that make up the matter in three phases. The physics offl uids is the

basis of hydraulic engineering, a branch of engineering that is applied in many fields.

9.1 Elastic Properties of Matter

Question Define and explain the elastic properties of matter and discuss its types.

Also, write the physical basis of elasticity.

When an external force acts on a body, relative displacement ofi ts various parts takes place.

The displaced particles tend to come to their original position to restore the original length, vol-

ume or shape of body and thus exert a restoring force. All bodies can more or less, be deformed

by applying forces on them. In the simplest case of deformation, an equal compression applied

in all directions to a body may produce a change of volume but no change in shape or the forces

applied may cause a change of shape keeping its volume constant. Under these conditions, the

body is said to be constrained.

13 
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Chapter 10

Special Theory of Relativity

THE special theory of relativity, formulated by Albert Einstein, revolutionized our understand-

ing of space and time. Its postulates challenge classical notions, asserting that the laws of

physics are the same for all observers in uniform motion. The Lorentz transformation equa-

tions mathematically describe the relationship between different observers’ coordinates. Con-

sequences of this transformation include time dilation, length contraction, and mass increase.

The Doppler effect in relativistic scenarios impacts observed frequencies. The twin paradox

explores time dilation in a fascinating context. Transformation of velocity, mass-energy equiva-

lence, relativistic momentum, and Lorentz invariance in energy further illuminate the profound

implications of Einstein’s groundbreaking theory.

In this chapter, we are concerned with only special theory of relativity. But before describing

it, it is pertinent to first discuss transformation equations of coordinates and velocities given by

Galileo for inertial frames of references. Only, then we will be able to appreciate the transfor-

mation equation given by Lorentz, which are in agreement with postulates of special theory of

relativity.

10.1 Frame of Reference, Twin and Einstein Paradox

Question Differentiate between special and general theory of relativity. What is frame

of reference, discuss about inertial and non-inertial frame of references. Also, explain

twin paradox and Einstein paradox.

In equations of motion with constant acceleration, developed by Galileo and laws of motion

given by Newton. Mass, length and time (which are base quantities of mechanics) are con-

sidered as invariants i.e., they have same values for all observers irrespective of their state of

motion. Einstein argued that when objects are not moving with very high velocities compara-

ble to velocity ofl ight or relative to each other. What happen when objects start to move with

velocity close to velocity ofl ight? In this regard, he presented two theories:

1- Special theory of relativity, which deals with inertial frames of reference.

2- General theory of relativity, which deals with non-inertial frame of refe.rence

14 
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