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Physical World ‘ 1

Science

Science is a systematic attempt to understand natural phenomena in as much detail and depth as possible, and use
the knowledge so gained to predict, modify and control phenomena.

Scientific method can be called as a method to acquire knowledge in a systematic and in-depth way. It is having:

° Systematic observations

e  Controlled experiments

e  Qualitative and Quantitative reasoning

e  Mathematical modelling

e  Prediction and verification (or falsification) of theories

e  Speculation or Prediction

Science will be not having any final theory. The
observations which are made using improved, accurate
tools will be creating improved knowledge and
perspective. Tycho Brahe’s research on planetary
motion has been used by Johannes Kepler for improving

Nicolas Copernicus theory.

Quantum mechanics was developed in order to deal
with atomic and nuclear phenomena. Work of Ernest
Rutherford on nuclear model of atom made the basis of
quantum theory suggested by Niels Bohr. The discovery

of antielectron (positron) was led by the Antiparticle

theory of Paul Dirac by Carl Anderson.

Natural Sciences: Natural science can be considered as a branch of science which is discussing about the
description, prediction, and understanding of the natural phenomena which is on the basis of an observational and

empirical evidence. It will be included of the disciplines mentioned below:

e  Physics

e  Chemistry
e  Biology
Physics

Physics is a fundamental science concerned with understanding
the natural phenomena that occur in our universe.

It has many branches such as Mechanics, Electromagnetism,
Thermodynamics, Modem Physics, etc. Between 1600 and 1900,
three broad areas were developed, which is together called
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Classical Physics. These three areas of study are classical

mechanics, thermodynamics and electromagnetism. But by
1905 it became apparent that classical ideas failed to explain
several phenomena. Then some new theories were
developed in what is called Modem Physics such as Special
Relativity, Quantum Mechanics, etc.

Physical World

The physical world is referred to as the complexity in nature
and solving its own complexities will give us new insights
into this physical world. It is referred to as the analysis of

nature conducted in order to understand how the world
around us performs.

Top Concepts

e  Physics is the branch of science that deals with nature and the natural phenomenon that occur.

e  Physics has two domains - microscopic as well as macroscopic.
The microscopic domain contains atomic, molecular and nuclear phenomenon, whereas the macroscopic domain

includes phenomena taking place at the laboratory, terrestrial and astronomical scales.

e  Science has a great influence on technology. Some of the technological advancements which are governed by
scientific concepts are given below.

Technology Scientific concept

Sonar Reflection of ultrasonic waves

Rocket propulsion Newton'’s laws of motion

Aeroplane Bernoulli’s principle in fluid dynamics
Steam engine Law of thermodynamics

Optical fibres Total internal reflection of light

The Fundamental Forces of nature

Gravitational Force: it is a universal force that exists

which is of mutual attraction between any two objects by [ Gravitational Force Example ]

virtue of their masses.

ol s T

The gravitational force has the following properties: ] !

1. Itobeys the inverse square law. | !

2. Itis always attractive in nature. ﬁ

3. Itisalongrange force and extends up to infinity. ’:\ft

4. The graviton is the field particle of gravitational ¢ :
force. A ball thrown in the air

5. Itis the weakest force operating in nature. ) [=Y COZ':: tb: g;rt::rt: :::'riftzce s

6. Itis a central force and hence a conservative force.

Electromagnetic Force: is the force between charged particles. If charges are in a state of rest, it is given by
Coulumb’s law whereas when they are in motion, they generate a magnetic field, hence the name electromagnetic
forces as they are inseparable. They also act over a large distance as seen in the case of gravitational forces without
the intervention of any medium.
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The properties of electromagnetic force are as

follows: | Electromagnetic Force

It obeys the inverse square law. Magnetic lines
of force

nducting

}//FCO loop

(e

It may be attractive or repulsive in nature.

1.
2.
3. Itisalongrange force. \
4.  The photon is the field particle of electromagnetic {

YYY V\

- S
force. Bar magnet
5. It is about 1036 times stronger than the induced T
gravitational force. current
6. Itis acentral as well as a conservative force.
Strong Nuclear Force: in a nucleus it binds protons Ateater

and neutrons. It is the strongest of all the fundamental
forces and is charge-independent acting between proton-proton, proton-neutron, or neutron-neutron

| Strong Nuclear Force |

@ Neutron

@ Proton

Weak Nuclear Force: observed only in some nuclear processes. Example: 3-decay of a nucleus. It is not as weak

as the gravitational force but weaker than electromagnetic and strong nuclear force

(Weak Nuclear Force|

Proton
. — Neutron
o
Step 1 Step 2 _ _
Electron Antineutrino
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The nuclear force has the following properties:

1.

The strong nuclear force binds protons and neutrons in a nucleus. The weak nuclear force appears only in
certain nuclear processes such as beta decay.

A strong nuclear force is the strongest force in nature. Itis about 100 times stronger than the electromagnetic
force. Weak nuclear force is stronger than the gravitational force but weaker than the electromagnetic or
strong nuclear force.

It is a short-range force and is operative only over the size ofnucleus.

A strong nuclear force is responsible for the stability ofnuclei.

Name of force Relative strength Rane Operates among
(w.r.t. strong

nuclear force)
Gravitational 10-39 Infinite All objects in universe
Weak nuclear 10-13 Sub-nuclear size Electron and neutrino

(»10-16m)
Electromagnetic 10-2 Infinite Charged particles
Strong nuclear 1 Nuclear size (=10-15 m) Nucleons and heavier elementary
particles

Unification of Forces

The unification of forces is the idea that it's possible to view all of nature's forces as manifestations of one single,
all-encompassing force. Scientists have made great strides toward the goal of understanding how the forces can
be combined

Conserved Quantities: In any physical phenomenon governed by different forces, several quantities change with

time, while several quantities remain constant. Such quantities are called conserved quantities.

Law of conservation of linear momentum: It states that if no external force acts on a system, the linear
momentum of the system remains conserved. The law of gravitation is exactly identical on earth and moon

. / .
even when the acceleration due to gravity at moon is = th than that at earth.

Law of conservation of energy: In accordance to the general Law of conservation of energy, the energies
will be fixed over time and get transformed from one form to another. The law of conservation of energy will
be applied to the whole universe and it has been considered that the total energy of the universe is fixed. The
nature develops symmetric results at different time under similar conditions. It states that energy can neither
be created nor destroyed; however it may change from one form to another.

Law of Conservation of Mass: A chemical reaction can be defined as a rearrangement of atoms among
various molecules. The difference will be formed as heat and the reaction is exothermic when the total binding
energy of the reacting molecules will be less than the total binding energy of the product molecules. The
opposite will be correct for energy-absorbing reactions such as endothermic reactions. As the atoms are not
destroyed, only just rearranged, the summation of the mass of the reactants will be identified as the total
mass of the products in a chemical reaction. Mass will be in relation to energy through Einstein theory, E=
mc?, where ¢ will be the speed of light in vacuum.

Law of conservation of angular momentum: It states that if no external torque acts on a system, then the
total angular momentum of the system remains conserved.

Laws of Physics

By nature, laws of Physics are stated facts which have been deduced and derived based on empirical observations.
Simply put, the world around us works in a certain way, and physical laws are a way of classifying that “working.”
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Physical laws are just conclusions drawn based on years (or however long it takes) of scientific observations and
experiments which are repeated over and over under different conditions to reach inferences which can be
accepted worldwide. These are continuously validated by the scientific community over time.

The different properties of laws of Physics which shed information about their nature are given below:
. True, under specified conditions

e  Universal and do not deviate anywhere in the universe

e  Simple in terms of representation

e  Absolute and unaffected by external factors

e  Stable and appear to be unchanging

e  Omnipresent and everything in the universe is compliant (in terms of observations)

e  Conservative in terms of quantity

e  Homogeneous in terms of space and time

e  Theoretically reversible in time

Physics in Relation to Other Sciences
=
| J
S] - [ v |

Chemical {
Physics

a —

|
Biology Geology
| |

Physics is a very significant branch of science which plays a crucial role in understanding the developments
pertaining to the other branches of science such as Chemistry, Biology etc.

Relation to Biology: The conceptual study of pressure and its measurement has helped us to know blood pressure
and hence the functioning of heart. Invention of X-rays developed the field of diagnosis. Electron and optical
microscopic designs have revolutionized the study of medical.

Relation to Chemistry: The concept of X-ray diffraction and radioactivity has helped to distinguish between the
various solids and to modify the periodic table.

Understanding the bonding and the chemical structure of substances is easy with the help of the concept of
interactions between various particles.

Relation to Mathematics: Study of physical variables led to the idea of differentiation, integration and differential
equation. Meaningful interpretation of Mathematics becomes Physics.

Relation to Astronomy: Optical telescopes of reflecting and refracting type enabled man to explore the space
around. Discoveries like radio telescopes have revolutionized the study of Astronomy.
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Class : 11th Physics
Chapter- 1: Physical World

: « Force of mutual

: attraction between any

: two objects by virtue of

: their masses

: + Plays a key role in large

: scale.

: « The phenomena of the

: universe, such as .
formation of and evolution
: of stars, galaxies and

: galactic clusters are by

: gravitational

: force governed

* Force between the

: charged particles

: » Both attractive and

< repulsive

e |tis 10 times

: stronger than

: gravitational force

* between two protons, *
: for any fixed distance. :

Electromagnetic
Force

* Very short range,

: strongest force

- * Attractive in nature
:+Range-10-15m

= = Strongest among all :
: fundamental forces. :

: * Very short range (10

: m) weak force

: » Not weak as

: gravitational force but

: much weaker than the

: strong nuclear force

: and electromagnetic
forces.

3

Strong Nuclear
Force

Weak Nuclear
Force

' Gravitational
< Force

: predicting from what we see

‘+Anysubjectissaidtobe  : Fundamental
: science when it is studied in Forces of Nature
: sequence pattern. The ] Physical
: experimenting, exploring and : World

: around us.

Science

.
s rEs NSRS NS SRR

: Scientific method

: Systematic observations,

: controlled experiments,

: qualitative and quantitative
: reasoning, mathematical

: modelling, prediction and
 verification or falsification of
: theories.
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Important Questions

Multiple Choice Questions
1. Atomic and molecular phenomena are dealt with
by
(a) Newtonian Mechanics
(b) fluid Mechanics
(c) applied Mechanics
(d) Quantum Mechanics

2. Which of the following is a possible final step in
applying the scientific method

(a) Formulating a hypothesis
(b) Building a theory

(c) Analysis of test results

(d) Formulation of a question

3. Which of the following is a possible first step in
applying the scientific method

(a) Conducting tests
(b) Formulating a hypothesis
(c) Formulation of a question
(d) Building a theory
4.  Ascientific theory
(a) cannot be changed but can be reformulated
(b) is fixed once and for all because it is logical

(c) is changed to suit new fashion among
scientists

(d) can be revised if required to fit new
phenomenon or data

5. The scientific method is

(@) a prescribed method for investigating
phenomena, acquiring new knowledge.

(b) A procedure for proposing new hypothesis

(c) a body of techniques for investigating
phenomena, acquiring new knowledge.

(d) A method for proposing new theories.
6. Newtonian mechanics could not explain
(a) fall of bodies on earth

(b) Some of the most basic features of atomic
phenomena.

(c) movement of planets

(d) flight of rockets

10.

Heliocentric theory proposed by Nicolas
Copernicus was

(a) replaced by circular orbits to fit the data
better

(b) replaced by elliptical orbits to fit the data
better

(c) replaced by elliptical orbits to fit the taste of
new rulers of Italy

(d) replaced by parabolic orbits to fit the data
better

Physics is a

(a) Applied Science

(b) Mathematical Science
(c) Engineering Science
(d) Natural Science

The word Science originates from the Latin verb
Scientia meaning

(a) toknow

(b) tosee

(c) toexperience
(d) toobserve

Just as a new experiment may suggest an
alternative theoretical model, a theoretical
advance may suggest what to look for in some for
in some experiments. Which of the following
experiments can be considered to support this
claim?

(a) Davisson and Germier Experiment

(b) experimental discovery of positron

(c) scattering of alpha particle or the gold foil
experiment

(d) Michelson Morley experiment

Very Short:

1.

Name that branch of science that deals with the
study of Earth.

Name that branch of science that deals with the
study of stars.

Name the scientist and the country of his origin
whose field of work was elasticity.

The word “Physics” comes from a Greek word.
Name the word.
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10.

The word science has come from a Latin verb.
Name the verb.

What is the meaning of the verb ‘Scientia’?

Name the scientist and the country of his origin
who received the Nobel Prize for his work on
molecular spectra.

What is the most incomprehensible thing about
the world?

Name a great scientist who gave the following
comment on science.

“Science is not just a collection of laws, a
catalogue of unrelated facts. It is a creation of the
human mind, with its freely invented ideas and
concepts.”

Which famous philosopher gave the following
comments on science?

“We know very little and yet it is astonishing that
we know so much, and still more astonishing that
so little knowledge of science can give so much
power.”

Short Questions:

1.

8.

Differentiate between Biological and Physical
sciences?

What is the relation between Physics and
Technology?

What is the relation between Physics and society?
Is Science on speaking terms with humanities?

What is the relation between Physics and
Technology?

Is Physics more of a philosophy or more of a
mathematical science?

Define Biophysics.
Define Technology?

Long Questions:

1.

How Physics is related to other sciences?

Write a short note on origin and Fundamental
forces in nature.

Distinguish between the studies in the fields of
science, engineering, and technology. Give an
outline of the two or three industrial revolutions
brought about by advancements in technology
over the last twenty-five years or so.

Assertion Reason Questions:

1.

Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from
the codes (a), (b), (c) and (d) are as given below

(a) Both A and R are true, and R is the correct
explanation of A.

(b) Both A and R are true, but R is not the
correct explanation of A.

(c) Aistrue butR is false.

(d) Aisfalse and R is also false.

Assertion: The concept of energy is central to

Physics and its expression can be written for
every physical system.

Reason: Law of conservation of energy is not
valid for all forces and for any kind of
transformation between different forms of
energy.

Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from
the codes (a), (b), (c) and (d) are as given below

(a) Both A and R are true, and R is the correct
explanation of A.

(b) Both A and R are true, but R is not the
correct explanation of A.

(c) AistruebutR is false.
(d) Aisfalse and R is also false.
Assertion: Physics generates new technology.

Reason: Technology give rise to new physics.

Answer Key

Multiple Choice Answers-

B W N

Answer: (d) Quantum Mechanics
Answer: (c) Analysis of test results
Answer: (c) Formulation of a question

Answer: (d) can be revised if required to fit new
phenomenon or data

Answer: (c) a body of techniques for

investigating phenomena, acquiring new

knowledge.

Answer: (b) Some of the most basic features of

atomic phenomena.
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7.

10.

Answer: (b) replaced by elliptical orbits to fit the
data better

Answer: (d) Natural Science
Answer: (a) to know

Answer: (b) experimental discovery of positron

Very Short Answers:

O 0 N o s W N

10.

Answer: Geology.

Answer: Astronomy.

Answer: Robert Hook, England.

Answer: The word is ‘fuses meaning ‘Nature’.
Answer: The name of the Latin verb is ‘Scientia’.
Answer: To ‘know’

Answer: C.V. Raman, India.

Answer: It is comprehensible.

Answer: Albert Einstein.

Answer: Bertrand Russel.

Short Questions Answers:

1.

Answer:

S.No. | Biological Physical Science

Science
)] They deal with | They deal with
living things. non-living things.
(ii) | The study of the | The study of
biological matter are
specimens  are | conducted at

conducted at | atomic of ionic

molecular level. levels, ie., at
much smaller

level.

Answer: Broadly speaking, physics and
technology both constitute science. Physics is the

heart and technology is the body of science.
The application of the principles of physics for
practical purposes becomes technology, e.g.

e Airplanes fly on the basis of Bernoulli's
theorem.

e  Rockets propulsion is based on Newton’s
second and third laws of motion.

e  The generation of power from the nuclear
reactor is based on the phenomenon of
controlled nuclear fission.

e Lasers are based on the population
inversion of electrons and so on. Thus, we
can say that to some extent technology is
applied to Physics.

Answer: Most of the development made in
Physics has a direct impact on society, e.g.

e  Exploration of new sources of energy is of
great importance to society.

e Rapid means of transport are no less
important for society.

e society has-been enriched due to the

advances in electronics, lasers, and

computers.

) The development of T.V., radio, satellites,
telephone, the telegraph has revolutionized
the means of communications which have a
direct impact on society and so on.

Answer: Yes, there is a deep relation between the
development of humanity on account of science.
Many socio-economic, political, and ethical
problems are being tackled and solved by
science. Science has greatly helped in developing
art and culture. Many musical instruments have
been developed due to the theories in Physics.
The steam engine is inseparable from the
industrial revolution which had a great impact on
human civilization.

Answer: The interplay between physics and
technology is the basic to the progress of science
which is ever dynamic. Laws in waves and
oscillation opened several technological fields
which
microscopy, X-rays, and laser. Powerhouses, big

include telescopy, ultrasounds,
cranes, healing devices, etc. work on the principle
of electromagnetism. Atomic energy and nuclear
weapons are on account of fission. Similarly,
Radar, television, the internet, etc. are all based
on simple laws of physics. So until there is no
theory i.e. physics, there can be no experimenti.e.

technology. Hence both are deeply related.

Answer: Physics is not a purely abstract science
devoid of philosophy. Physicists are natural
philosophers and Einstein is an example to quote.
So Philosophy has provided the backbone to
Physics.

Answer: It is defined as the understanding of
biological processes based upon the principles of
Physics. For example, spectroscopic techniques
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are used to study the constitution of biological
molecules and disorders in them. Laws of
thermodynamics are used to explain various
biological activities of predators and also the
activities of molecules.

Hence the application of Physics to bioscience is
now well known to all of us.

Answer: It is defined as the study of newer
techniques of producing machines, gadgets, etc.
by using scientific discoveries and advancements.
It is largely dependent on Physics.

Long Questions Answers:

1.

Answer: Physics is so important to a branch of
science that without the knowledge of Physics,
other branches of science cannot make any
progress.

This can be seen from the following:

(a) Physics in relation to Mathematics: The
theories and concepts of Physics lead to the
development of various mathematical tools
like differential equations, equations of
motion, etc.

(b) Physics in nation to Chemistry: The
concept of interaction between various
particles leads to understanding the
bonding and the chemical structure of a
substance. The concept of X-ray diffraction
and radioactivity has helped to distinguish
between the various solids and to modify
the periodic table.

(c) Physicsinrelation to Biology: The concept
of pressure and its measurement has helped
us to know the blood pressure of a human
being, which in turn is helpful to know the
working of the heart. The discovery of X-
rays has made it possible to diagnose the
various diseases in the body and fracture in
bones.

The optical and electron microscopes are
helpful in the studies of various organisms.
Skin diseases and cancer can be cured with
the help of high-energy radiation like x-rays,
ultraviolet rays.

(d) Physics in relation to Geology: The
internal structure of various rocks can be
known with the study of the crystal
structure. The age of rocks and fossils can be

known easily with the help of radioactivity
i.e., with the help of carbon dating.

(e) Physics in relation to Astronomy: Optical
telescope has made it possible to study the
motion of various planets and satellites in
our solar system.

The radio telescope has helped to study the
structure of our galaxy and to discover pulsars
and quasars (heavenly bodies having star-like
structures). Pulsars are rapidly rotating neutron
stars. Doppler’s effect predicted the expansion of
the universe. Kepler’s laws are responsible to
understand the nature of the orbits of the planets
around the sun.

(f) Physics in the relation to Meteorology:
The variation of pressure with temperature
leads to the forecast of the weather.

(g) Physics in relation to Seismology: The
movement of the earth’s crust and the types
of waves produced help us in studying the
earthquake and its effect.

Answer: These are the following four basic

forces in nature:

(a) Gravitational forces

(b) Electromagnetic forces

(c) Weak forces

(d) Strong force or nuclear forces.
Some of the important features of these
forces are discussed below:

(a) Gravitational forces: These are the forces
of attraction between any two bodies in the
universe due to their masses separated by a
definite distance. These are governed by
Newton'’s law of gravitation given by

F=G—12
1y
d
F1 FQ
Object — Object
1 2
m m

1 2
where m1, mz are the masses of two bodies
r = distance between them

G = universal gravitational constant

=6.67 x 10-11 NmZ2kg-2
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(b)

(c)

Characteristics of gravitational forces:

e  They are always attractive. They are never
repulsive. They exist between macroscopic
as well as microscopic bodies.

e  They are the weakest forces in nature.

e  Theyare central forces in nature i.e., they set
along the line joining the centres of two
bodies.

e  They are conservative forces.

e They obey inverse square law i.e., F o112
they vary inversely as the square of the
distance between the two bodies.

e  They are long-range forces i.e., gravitational
forces between any two bodies exist even
when their distance of separation is quite
large.

e  The field particles of gravitational forces are
The
exchange of field particles between two

called gravitons. concept of the
bodies explains how the two bodies interact
from a distance.

Electromagnetic forces: They include the
The

electrostatic forces are the forces between two

electrostatic and magnetic forces.
static charges while magnetic forces are the
forces between two magnetic poles. The moving
charges give rise to the magnetic force. The
combined action of these forces is called

electromagnetic forces.
Characteristics of electromagnetic forces:

° These forces are both attractive as well as
repulsive.

e  They are central forces in nature.
e  They obey inverse square law.
e  They are conservative forces in nature.

e These forces are due to the exchange of
particles known as photons which carry no
charge and have zero rest mass.

e  They are 1036 times stronger as compared
to gravitational forces and 1011 times
stronger than weak forces.

Strong forces: They are the forces of nuclear
origin. The particles inside the nucleus are
charged particles (protons) and neutral particles
(neutrons) which are bonded to each other by a
strong interaction called nuclear force or strong

(c)

force. Hence they may be defined as the forces
binding the nucleons (protons and neutrons)
together in a nucleus. They are responsible for
the stability of the atomic nucleus.

They are of three types:

° n-n forces are the forces of attraction
between two neutrons.

e p-p forces are the forces of attraction

between two protons.

e n-p forces are the forces of attraction
between a proton and a neutron.
Characteristics of Nuclear forces:

e  They are basically attractive in nature and

become repulsive when the distance

between nucleons is less than 0.S fermi.

e  They obey inverse square law.

(a) and

(b) typesare the forces that we encounter in the
macroscopic world while

(c) and

(d) types are the forces that we encountered in
the microscopic world.

the
between

Weak forces: They are defined as
which take, place

elementary particles during radioactive decay of

interactions

a radioactive substance. In P-decay, the nucleus
changes into a proton, an electron, and a particle
called anti-neutrino (which is uncharged). The
interaction between the electron and the anti-
neutrino is known as weak interaction or weak
force.

Characteristics of Weak forces:

e They are 1025 times stronger than the
gravitational forces.

e They exist between leptons and leptons,
leptons, and mesons. etc.

Answer:

Science is concerned with the unfolding of the
basic aspects of nature. It formulates simple laws
and finds the rhythm in nature, materials, and
energy. Using basic principles of science, the
ways to use them for the production of different
kinds of articles is called technology, i.e,, it is the
application of science. The execution of the
application of technology in engineering. The
production of articles using machines and
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implements in engineering. This involves the
design, development, and manufacturing of
articles.

The most notable technology development in the
last 25 years is in the field of information
technology, computers, and electronic media.
The revolution in information technology has
opened up fields on the internet, satellite linking
of information systems and services other
peripheral developments in the industry.

Computers have changed the face of society and
made life easy in several fields. It has improved
work efficiency in many segments of the industry
and public life. Computers have touched the lives
of children playing video games and adults alike.
It has helped big organizations like railways,
banks, like the
insurance sector.

and financial institutions

India has become one of the biggest centres of
software exports and a big foreign exchange
scientific research and

earner. Advance

industrial designing are being done by
computers. TV has entered most Indian houses
and community centres-courtesy revolution in

electronic media.

The younger generation is mad after the stereo
music with CD facilities. The transistors and tape
recorders are left far behind. Electronic media
has changed the face of the entertainment
industry as well as information dissemination.
Quick transmission of news, views, and
comments are accepted as natural ones by

listeners and viewers.

Assertion Reason Answer:

1.

(c) Alis true but R is false.

Explanation:

Law of conservation of energy is always valid for
all forces and for any kind of transformation
between different forms of energy.

Therefore, A is true, but R is false.

(b) Both A and R are true, but R is not the correct
explanation of A.

Explanation:

Sometimes physics generates new technology
and at others technology gives rise to new
physics. Both have desired impact on society.
Therefore, both A and R are true, but R is not the
correct explanation of A.P

>
>

A X R X4

D)
D)
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Units and Measurements 2

Units

A unit is an internationally accepted standard for measurements of quantities.

Measurement consists of a numeric quantity along with a relevant unit.

Units for Fundamental or base quantities (like length, time etc.) are called Fundamental units.

Units which are combination of fundamental units are called Derived units.

Fundamental and Derived units together form a System of Units.

Internationally accepted system of units is Systémelnternationale d’ Unites (French for International system of

Units) or SI. It was developed and recommended by General Conference on Weights and Measures in 1971.

Sl lists 7 base units as in the table below. Along with it, there are two units - radian or rad (unit for plane angle)
and steradian or sr (unit for solid angle). They both are dimensionless.

Base Quantity

Length metre m
Mass kilogram kg
Time second S
Electric Current ampere

Thermo dynamic Temperature kelvin

Amount of Substance mole mol
Luminous intensity candela cd

Measurement of Length

Length can be measured using metre scale (10-3m to 102m), verniercallipers (10-*m) and screw gauge and

spherometer (10-5m).

Range of Length

Size of object or distance ‘ Length (m)

Size of proton 10-15
Size of atomic nucleus 10-14
Length of typical virus 108
Wavelength of light 107
Thickness of paper 104
Height of Mount Everest above sea level 104
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Radius of earth 107

Distance of moon from earth 108

Distance of sun from earth 1011
Distance of pluto from sun 1013
Size of our galaxy 1021
Distance to Andromeda Galaxy 1022
Distance to observable universe boundaries 1026

l\,-a .

Objects in the increasing order of their lengths

Measuring large Distances - Parallax Method

Parallax is a displacement or difference in the apparent position of an object viewed along two different lines of
sight, and is measured by the angle or semi-angle of inclination between those two lines. Distance between the
two viewpoints is called Basis.

Viewpoint A

1 <@>.

Basis }

" Object
-
Viewpoint B
Distant Background
A
- - l -

1
L

Viewpaoint A Viewpaint B

Parallax. From viewpoint A the pen appears aver green box while from
viewpoint B the pon appears over red box.
Measuring distance of a planet using parallax method:
Similarly, « =d/D
Where a = angular size of the planet (angle subtended by d at earth) and d is the diameter of the planet.ais angle
between the direction of the telescope when two diametrically opposite points of the planet are viewed.
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What is Speed?
Speed is defined as

The rate of change of position of an object in any direction.

Speed is measured as the ratio of distance to the time in which the distance was covered. Speed is a scalar quantity
as it has only direction and no magnitude.

Speed Formula

The formula of speed is given in the table below:

d
S=—
t
Where,
e sisthespeedinm.s!
e disthe distance traveled in m
e tisthe time takenins
Speed Unit
Following are the units of speed are:
CGS system cm.s1
SI system ms-1
Finding the Dimensional Formula of Speed.
The mathematical representation of speed is:
Speed = Distance
P = ime

Dimensional formula of Distance = MOLLT?

Dimensional formula of time = MOLOT?

Dividing the dimensional formula of distance by the dimensional formula of time, we get:
MOLITO

oLoT - LT

Types of Speed

There are four types of speed and they are:

e  Uniform speed

e  Variable speed

e  Average speed

e Instantaneous speed

Uniform speed: A object is said to be in uniform speed when the object covers equal distance in equal time
intervals.

Variable speed: A object is said to be in variable speed when the object covers a different distance at equal
intervals of times.

Average speed: Average speed is defined as the uniform speed which is given by the ratio of total distance
travelled by an object to the total time taken by the object.

Instantaneous speed: When an object is moving with variable speed, then the speed of that object at any instant
of time is known as instantaneous speed.
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Measurement of Speed

For the measurement of speed in vehicles, speedometers are used. To measure the distance covered odometers
are used. Speed can also be calculated with the help of a graph. The Distance-time graph helps in understanding
the speed of an object.

Measurement Mass Weight

Mass is a basic characteristic property of matter. It exists self-sufficiently and is independent of all other
parameters such as the temperature, pressure, and the location of the object in space. Atomic mass is the mass of
an atom expressed in atomic mass units. The matter has mass and occupies space. These two things are taught to
us as soon as we can grasp these concepts. A matter is anything you can touch physically, so everything you see
and interact with around you has a mass. Mass is often confused with another parameter. This confusion occurs
due to the fact that this parameter is mistakenly used around the globe instead of mass due to its convenience and
also due to the fact that we weigh things to find out their mass. This parameter is called weight. Let’s explore both
of these essential parameters thoroughly.

What is Mass?

Mass by definition refers to the amount of matter in a particular object. This value of the amount of matter i.e. mass
of an object is an intrinsic value of that body and it can help us find out various other parameters that are
dependent on the mass. Mass determines the strength of its mutual gravitational attraction to other bodies, its
resistance to acceleration due to a force, Inertia, and mass can also be used to derive the energy content of a sample
through the theory of Relativity using Albert Einstein’s E = mc2.

Atomic Mass Unit

For tiny and larger objects we use other units;

e  Tonne (Metric Ton) is equal to 1000kg

e  The Atomic Mass Unit is used while dealing with atoms and molecules whose masses are so small that the

kilogram becomes inconvenient. One atomic mass unit is defined as 1/12th the mass of a Carbon-12 atom.
The value of 1 atomic mass unit is obtained as 1.66 x 10-?7

Measurement of mass

Measurement of mass is most commonly done by a
Balance. The unknown mass of a body is compared with a
known value of mass. We obtain the value of an unknown _
mass in terms of a known value of mass. A balance works
in space and in places of no gravity as well since changes

R
in gravity affect both the masses on the balance equally. / %\

\ o= ‘ N
. . \ ” -\\ . “‘,-/
What is Weight? \ \ =
Mass is not the same as weight. While mass is the intrinsic ‘;— / / \ /
property of the body, weight is the measure of the force o 4 : X

exerted on the mass of the body due to gravity. Mass refers

to a universal value of the object whereas weight is a

localized interpretation of the mass of the object. Weight is the effect of gravity and therefore we describe weight
with the formula;

W=mg

Where m is the mass and g is the acceleration due to gravity at that particular location. The unit of measurement
of weight is Force, the SI Unit of which is Newton. For example, an object that has a mass of 50 kg experiences a
gravitational force i.e. weight which is equal to 50 x 9.8 = 490 Newton. So when you tell your friends you weight
50kg you are telling them about your mass and not your weight. The same object albeit with the same mass of 50
kg will weigh 1/6th on the moon what it did on Earth. Weight and mass mean the same thing on Earth since the
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effects of gravity are fairly constant
throughout the Earth. It was upon our
venture into space that it became
necessary to create a distinction
between mass and weight.

Here is a problem based on the
weighing machine, the problem deals
with an advanced question on how
normal reaction and tension act in an
accelerated pulley system when the
support is provided by the man which

_—— Same mass -
e \

. e

on moon = 1/6th on Earth
Weight

is being measured.

on earth

Length

Historically, the human body was used to provide the basis for units of length

Inch: Inch is the measure of the thumb, which was used to measure the length of items small, for example,
the seam of a cloth, length of paper, etc.

Foot: Foot is the measure of length typically defined as 15.3 % of the height of a human body with an average
height of 160 cm. This unit differed from place to place and trade to trade. This unit was preferred by Roman
and Greeks and was typically used to calculate the size of a piece of cloth, the height of human beings and
cattle, the size of a building, etc.

Cubit: Cubit is the unit of measurement of length based on the length of the forearm, typically the tip of the
middle finger to the elbow bottom. This unit of measurement was preferred by Egyptians and
Mesopotamians. Cubit rods have been discovered in the remains of the ancient Egyptian civilization. These
rods are usually 20 inches in length, and are divided into seven palms; each palm is further divided into four
fingers which are further subdivided.

Yard: Yard is the unit of distance typically based on human paces. A yard is typically equivalent to two cubits
or three feet, which is approximately 36 inches.

Miles: A mile is equivalent to a thousand paces, where the pace is equal to two steps, such that the walker is
back to the same foot.
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A foot comprises 12 inches and three feet comprise a yard. With measurements such as these, it was easy to explain

how far the next village was and to find out whether an object will get through a doorway. These measurements
also helped the people exchange clothes and wood in a barter system.

Weight

e  The grains of wheat were used as a measure of weight due to their approximate standard size. The number
of grains of wheat was taken as a standard, which even now is used by some jewellers. One grain is equal to
64.79891 milligrams.

38 SPL

148 GR HBWC
RELOADS

e A measured length of metal used to be kept in the town centre or the temples and copies of the same were
distributed among the people of that community. This metal lump was considered as a standard of weight.

‘ Copper A0
i 23
AL )

Time

. Sundial: The movement of the sun in the sky was one of the measures to estimate time, which was done on
the basis of length and position of the shadow cast by a vertical stick. Later, the marks were made where the
sun’s shadow fell, which gave an approximate measure of time of the day consistently. The device came on to
be called as a sundial.
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e  Water Clock: The water clock was used to measure time on the basis of the amount of water dripping from

a tank. This method was not considered reliable because the flow of water is difficult to be controlled. The
device was termed as Clepsydra.

e  Hour Glass: The hourglass works on the same principle as a water clock, using sand instead of water. It is
still found in some places, in a reduced form.
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Dimensional formula:

Dimensions of a physical quantity are the powers (or exponents) to which the base quantities are raised to

represent that quantity.

Dimensional formula: The expression which shows how and which of the base quantities represent the

dimensions of a physical quantity.

Dimensional Formula

Physical quantity Expression Dimensional formula
Area length X breadth [L?]
Volume Area X height [L?]
Density mass / volume [ML-]
Velocity displacement/time [LT]
Acceleration velocity / time [ET 2]
Momentum mass X velocity [MLT™]
Force mass X acceleration [MLT?]
Work force x distance [ML*T~]
Power work / time [ML2T-3]
Energy Work [ML*T?]
Impulse force x time [MLT™]
Radius of gyration Distance [L]
Pressure (or) stress force / area [ML-'T-2]
Surface tension force / length [MT?]
Frequency 1/ time period M b
Moment of Inertia mass X (distance)? [ML?]
Moment of force (or torque) force X distance [ML?T?]
Angular velocity angular displacement / time [T
Angular acceleration angular velocity / time [T]
Angular momentum linear momentum X distance [ML?*T]
Co-efficient of Elasticity stress/strain [ML'T?]
Co-efhicient of viscosity (force x distance) / (area X velocity) [ML-'T-!]
Surface energy work / area [MT™?]
Heat capacity heat energy / temperature [ML*T2K™']
Charge current X time [AT]
Magnetic induction force / (current x length) [MT2A"]
Force constant force / displacement [MT=2]
Gravitational constant [force x (distance)?] / (mass)? [M1°T2]
Planck’s constant energy / frequency [ML*T]
Faraday constant avogadro constant X elementary charge [AT mol™]
Boltzmann constant energy / temperature [ML2T2K]

Applications of dimensional analysis:

i.  Toderive a physical equation.

ii. To verify if the given equation is dimensionally correct.

iii. Tofind the dimensions of an unknown parameter in the equation.
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Important Questions

Multiple Choice Questions

1.

Electron volt is a unit of
(a) charge

(b) potential difference
(c) energy

(d) magnetic force
Light year is a unit of

(a) time

(b) distance

(c) sunlight intensity
(d) mass

Which of the following pairs has the same
dimensions?

(a) specific heat and latent heat
(b) impulse and momentum

(c) surface tension and force

(d) moment of inertia and torque

Which of the following sets of quantities has the
same dimensional formula?

(a) Frequency, angular frequency and angular
momentum

(b) Surface tension, stress and spring constant
(c) Acceleration, momentum and retardation
(d) Work, energy and torque

If C and R denote capacitance and resistance
respectively, what will be the dimensions of C x
R?

(a) [MCLOTA]
(b) [MLOTAZ]
(c) [MLOTAZ]

(d) [MLTA?]

A particle starting from the origin (0, 0) moves in
a straight line in the (x, y) plane. Its coordinates
at alater time are (The path of the particle makes
with the x-axis an angle of

(a) 300
(b) 450
(©) 600
(d o

7. Resolution is
(a) ameasure of the bias in the instrument
(b) None of these
(c) the smallest amount of input signal change

that the instrument can detect reliably
(d) ameasure of the systematic errors
8. Fundamental or base quantities are arbitrary. In
SI system these are
(a) length, force, time, electric current,
thermodynamic temperature, amount of
substance, and luminous intensity

(b) length, mass, time, electric current,
thermodynamic temperature, amount of
substance, and luminous intensity

(c) as length, mass, time, electric charge,
thermodynamic temperature, amount of
substance, and luminous intensity

(d) length, mass, force, electric current,
thermodynamic temperature, amount of
substance, and luminous intensity
9. Unit for a fundamental physical quantity is
(a) defined as best of various reference
standards

(b) the smallest measurable value of the
physical quantity

(c) defined as average various reference
standards

(d) reference standard for the physical quantity

10. The volume of a cube in m? is equal to the surface
area of the cube in m2. The volume of the cube is
(a) 64m?

(b) 216 m3
() 512m?
(d) 196 m3

Very Short:

1. If the size of the atom were enlarged to the tip of
the sharp pin, how large would the height of
Mount Everest be?

2. What does the LASER mean?

3. If the Universe were shrunk to the size of the

Earth, how large would the Earth be on this scale?
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4,

10.

A research worker takes 100 careful readings in
an experiment. If he repeats the same experiment
by taking 400 readings, then by what factor will
the probable error be reduced?

What is the number of significant figures in
0.06070?

The density of a cube is calculated by measuring
the length of one side and its mass. If the
maximum errors in the measurement of mass
and length are 3% and 2% respectively, then
what is the maximum possible error in the
measurement of density?

The mass of a body as measured by two students
is given as 1.2 kg and 1.23 kg. Which of the two is
more accurate and why?

Do the inertial and gravitational masses of
ordinary objects differ in magnitude?

Are S.I. units Coherent? Why?

Do A.U. And A represents the same magnitudes of
distance?

Short Questions:

1.

If the size of a nucleus is scaled up to the tip of a
sharp pin, what roughly is the size of an atom?

(a) What do you mean by physical quantity?
(b) What do you understand by:

(i) Fundamental physical quantities?

(ii) Derived physical quantities?
(a) Define the unit of a physical quantity.
(b) Define

(i) Fundamental units.

(ii) Derived units.
Define one Candela.

What is the advantage of choosing wavelength of
light radiation as standard of length?

Which type of phenomenon can be used as a
measure of time? Give two examples of it.

Find the number of times the heart of a human
being beats in 10 years. Assume that the
heartbeats once in 0.8s.

Why it is not possible to establish a physical
relation involving more than three variables
using the method of dimensions?

Long Questions:

1.

2.

State the rules for writing the units of physical
quantities in the S.I. system.

Explain the Triangular method.

3.

What are the uses of dimensional analysis?
Explain each of them.

Assertion Reason Questions:

1.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Assertion is correct, reason is correct;

reason is a correct explanation for assertion.

(b) Assertion
reason is not a correct explanation for

is correct, reason is correct;

assertion
(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct

Assertion: Dimensional constants are the

quantities whose values are constant.

Reason: Dimensional constants are

dimensionless.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Assertion is correct, reason is correct;

reason is a correct explanation for assertion.

(b) Assertion
reason is not a correct explanation for

is correct, reason is correct;

assertion
(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct

Assertion: Parallax method cannot be used for
measuring distances of stars more than 100 light
years away.

Reason: Because parallax angle reduces so much
that it cannot be measured accurately.

Case Study Questions:

1.

Measurement of Physical Quantity All
engineering phenomena deal with definite and
measured quantities and so depend on the
making of the measurement. We must be clear
and precise in making these measurements. To
make a measurement, magnitude of the physical

quantity (unknown) is compared. The record of a
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measurement consists of three parts, i.e. the
dimension of the quantity, the unit which
represents a standard quantity and a number
which is the ratio of the measured quantity to the
standard quantity.

1. A device which is used for measurement of
length to an accuracy of about 10-5m, is
(a) Screw gauge
(b) Spherometer
(c) Vernier callipers
(d) Either (a) or (b)
2. Which of the technique is not used for
measuring time intervals?
(a) Electrical oscillator
(b) Atomic clock
(c) Spring oscillator
(d) Decay of elementary particles

3. The mean length of an object is 5cm. Which
of the following measurements is most
accurate?

() 4.9cm
(b) 4.805cm
(c) 5.25cm
(d) 5.4cm
4. Ifthelength of rectangle 1 = 105.cm, breadth
b = 2l.em and minimum possible
measurement by scale = 0l.cm, then the
area is
(a) 22.0cm?
(b) 21.0cm?
(c) 22.5cm?
(d) 21.5cm?

5. Age of the universe is about 1010 yr.,
whereas the mankind has existed for 106 yr.
For how many seconds would the man have
existed if age of universe were 1 day?
(a)9.2s
(b)10.2s
(c)8.6s
(d) 10.5s
Normally, the reported result of measurement is
a number that includes all digits in the number
that are known reliably plus first digit that is
uncertain. The digits that are known reliably plus
the first uncertain digit are known as significant
digits or significant figures.

e.g., When a measured distance is reported to be
374.5m, it has four significant figures 3, 7, 4 and
5. The figures 3, 7, 4 are certain and reliable,
while the digit 5 is uncertain. Clearly, the digits
beyond the significant digits reported in any
result are superfluous.

i.  In4700m, significant digits are
(@) 2
(b)) 3
()4
()5
ii. To determine the number of significant
figures, scientific notation is
(a) ab
(b) ab x 10P
(c)ax102
(d)ax 104
ili. 574 g of a substance occupies 1.2cm3
Express its density by keeping the
significant figures in view.
(@) 49gcm3
(b) 5.2 gcm?3
(c)4.8 gcm3
(d) 4.4 g cm?3
iv.  Choose the correct option.

(a) Change in unit does not change the
significant figure.

(b) 4 700. m=4700 mm, here there is a
change of significant number from 4 to
2 due to change in unit.

(c) 47004 700 103 m =". m, here there is
change in numbers of significant
numbers.

(d) Change in unit changes the number of
significant figure.

v. Consider the following rules of significant
figures.

I.  All the non-zero digits are significant.

II.  All the zeroes between two non-zero
digits are significant.

III. The terminal or trailing zero(s) in a
number without a decimal point are
significant.

Which of the above statement(s) is/are? correct?
(@)Tand I

(b) I and III

(c)Iand III

(d) All of these
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Answer Key

Multiple Choice Answers

©® N o 1A W RE

10.

Answer: (c) energy

Answer: (b) distance

Answer: (b) impulse and momentum

Answer: (d) Work, energy, and torque
Answer: (a) [M°LOTA?]

Answer: (c) 600

Answer: (d) a measure of the systematic errors

Answer: (b) length, mass, time, electric current,

thermodynamic  temperature, amount of

substance, and luminous intensity

Answer: (d) reference standard for the physical
quantity

Answer: (b) 216 m?®

Very Short Answers:

1.
2.

N o s W

10.

Answer: 1010 m.

Answer: It stands for Light Amplification by
Stimulated Emission of Radiation.

Answer: 10-11 m (size of an atom.).
Answer: By a factor of 4.

Answer: 4.

Answer: 3% + 3 x 2% = 9%.

Answer: The second measurement is more
accurate as it has been made to the second
decimal point.

Answer: No.
Answer: Yes, because all the derived units in this

system can be obtained by multiplying or
dividing a certain set of basic units.

Answer: No, 1 AU. = 1.496 x 101" mand 1 & =
1010 m.

Short Questions Answers:

1.

Answer: The size of a nucleus is in the range of
10-1> m to 10-2* m. The tip of a sharp pain may be
taken to be in the range of 10-5 m to 10-4 m. Thus,
we are scaling up the size of the nucleus by a
factor of 10-5/10-15 = 1010. An atom roughly of size
10-10 m will be scaled up to a rough size of 10-10
x 1010 = 1 m. Thus, nucleus in an atom is as small
in size as the tip of a sharp pin placed at the center
of a sphere of radius about a meter.

2.

3.

Answer: It is defined as a quantity that can be
measured, e.g., mass, length, time, etc.

(b)

(i) They are defined as those quantities
which cannot be expressed in terms of
other quantities and are independent
of each other, e.g., mass, length, time.

(ii) They are defined as the quantities
which can be expressed in terms of
fundamental quantities, e.g., velocity,
acceleration, density, pressure, etc.

Answer: It is defined as the reference standard
used to measure a physical quantity.

(b)
(i) They are defined as the units of
fundamental quantities. They are
independent of each other and are
expressed by writing the letter of the
fundamental quantity in a parenthesis.
e.g., Fundamental units of mass, length

and time are [M], [L], [T] respectively.

(ii) They are defined as those units which
can be derived from fundamental units.
They are expressed by writing the
symbol of a derived quantity in a
parenthesis.

e.g., D.U. of velocity = [u]
acceleration = [a]
pressure = [P]

work = [W] and so on.

Answer: It is defined as the luminous intensity in
1
600,000

square meter area of a black body at a
temperature of freezing platinum (1773°C)

a perpendicular direction of a surface of

under a pressure of 101,325 N/m?2.
Answer:

e It can be easily made available in any
standard laboratory as Krypton is available
everywhere.

e It is well defined and does not change with
temperature, time, place or pressure, etc.

. It is invariable.

. It increases the

measurement of length (1 partin 109).

accuracy of the
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Answer: Any phenomenon that repeats itself
regularly at equal intervals of time can be used to
measure time.

The examples are:

) Rotation of earth - the time interval for one
complete rotation is called a day.

e  Oscillations of a pendulum.

Answer: In 0.8 s, the human heart makes one
beat.

1 10
S.In 1 s, the human heart makes =—=—

08 8
beats.

~ In 10 years, the human heart makes
=§x 365 x 24 x 60 x 60 beats.
=3.942 x 108 beats.

Answer: The dimensional analysis fails to derive
a relation involving more than three unknown
variables. The reason is that there will be more
than three unknown factors in that case whose
values cannot be determined from the three
relations which we get by comparing the powers
of M,L,and T.

Long Questions Answers:

1.

Answer: While writing the units of physical
quantities following rules are followed with S.L
units:

(1) The S.I units are written in the form of
symbols after the number i.e., number of
time, the unit is contained in the physical
quantity so that physical quantity = nu
With symbols, certain rules are laid down:

e  Units in symbols are never written in
plural i.e.,, meters is only m and not ms,
yearsisy.

e  The units based on the name of the
scientists are written beginning with
small letters and with capital letters in
symbolic form viz, weber (Wb), newton
(N), etc.

e No full stop is used at the end of the
symbol.

e  Symbols of units not based on the name
of scientists are written as small letters
viz. kilogram (kg), second (s), etc.

(2) Bigger and smaller number of units are
represented with symbols corresponding to
the power of 10 viz. 106 is mega (M), 1012 is
Tera (T), 10-3 is milli (m), 10 is nano (n),
etc.

(3) Allunits are written in numerator viz. kg/m3
is kg m, Nm2c2.

(4) The units are written within parenthesis in
graphs below the corresponding taxes viz.
(ms1) and (s) in the velocity-time graph.

(5) Units of a similar physical quantity can be
added or subtracted.

Answer: It is used to measure the distance of an
accessible or inaccessible hill or a tower by
measuring the angle which the object makes at
point P (say)

Let x = distance y of point P from the foot of tower
=PA.

~h=xtan 0

It is also used to measure the distance of an

inaccessible object eg. a tree on the other bank of

ariver.
B
h
) Tower
P X A

Let h = height of the inaccessible object.

Let 61, 62 = be the angle made at P and Q by the
object.

LetPA=d,PQ=x.

~ In APAB and AQAB,

d=hcot0 (1)
and d+x=hcot0, -.(ii)
(ii) and (i) gives,  x=h (cot 9, - cot 0,)

h=x/(cotO, - cotB,)
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3.

An

B
h
G.z Ql
A
M—— X —— P 4 d g
swer:

Dimensional analysis is used for:

(a)

(b)

(c)

(a)

(b)

(c)

checking the dimensional correctness of the
given physical equation or relation.

converting one system of units to another
system.

deriving the relationship between various
physical quantities.

checking of the dimensional correctness of a
physical relationship is done by using the
principle of homogeneity of dimensions. If
the dimensions of M, L, T of each term on
R.H.S. are equal to the dimensions of M, L, T
of each term on L.H.S., then the given-
physical relation is dimensionally correct,
otherwise wrong.

conversion: It is based on the fact that the
magnitude of a physical quantity remains
the same whatever may be the system of
units, i.e., n1u1 = n2uz.

Uy
or n2 = nl_

U
where u =M{LTY

and u,=M; LTy

are the units of M, L, T in the first and second

system of units of a physical quantity having
dimensions of M, L, T, and a, b, c respectively.

ML [Ty ] )
eI

Thus, if fundamental units of both systems,
of the quantity,
numerical value nl in one system, are

dimensions and its
known then we can easily calculate n2 in
another system.

Derivation of a relationship between
various physical quantities is based on the

principle of homogeneity of dimensions.

Following are the steps used:

e  We must Know the physical quantities (say
p, g, r) upon which a physical quantity say x
depends.

e  We must know the dimensions of p, g, r say
a, b, c respectively.

Then we write x oc p®

ocgb
ocrf
abc
or X ocpqr
or x oc kpagbre (1)

e  Now, write the dimensions of each physical
quantity on both sides of the equation

° and compare the powers of M, L, T to find a,
b, c. Putting values of a, b, c in the equation

e  we get the required relation.

Assertion Reason Answer:

1.

(c) Assertion is correct, reason is incorrect
Explanation:
Dimensional constants are not dimensionless.

(a) Assertion is correct, reason is correct; reason
is a correct explanation for assertion.

Explanation:

As the distance of star increases, the parallax
angle decreases, and great degree of accuracy is
required for its measurement. Keeping in view
the practical limitation in measuring the parallax
angle, the maximum distance of a star we can
measure is limited to 100 light years.

Case Study Answer:

1.

i. (d) Either (a) or (b)
Explanation:

A screw gauge and a spherometer can be used to
measure length accurately as less as

10m-5
ii. (c) Spring oscillator
Explanation:

Spring oscillator cannot be used to measure time
intervals.

iii. (a) 4.9 cm
Explanation:

Given, length, 1 = 5cm Now, checking the errors
with each options one-by-one, we get
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AlL=5-49=0.1cm ii. (b) ab x 10V
Al,=5-4805=0.195 cm Explanation:
Every number is expressed as ab x 10°, where a
Al;=525-5=0.25cm is a number between 1 & 10 and b is any positive
Al,=54-5=0.4cm or negative exponent (or power) of 10.
iii. (c)4.8gcm3
Error A [ is least. (c)48¢g
Explanation:
Hence, 4.9cm is most precise or accurate. There are 3 significant figures in the measured
iv. (a) 22.0cm? mass whereas there are only 2 significant figures
Explanation: in the measured volume. Hence, the density
should be expressed to only 2 significant figures.
Area of rectangle, A = Length” Breadth & 74
. _ . _ -3
So,Alb = 10. x 5 = 22. 05cm? Density = ——-=48gcm
Minimum possible measurement of iv. (a) Change in unit does not change the
scale = 01. cm. significant figure.
So, area measured by scale = 22 0. cm? Explanation:
v. (0865 ’1?here is no change in numb.er of 51gr?1f1cant
figures on changing the units. For it the
Explanation: convention is that we write,
Magnification in time = w 4700 m = 4700 x 10°m
Age of universe
This convention ensures no change in number of
6
= & =10"* significant numbers.
1010
v. (a)landlII
Apparent age of mankind = 10-4 x 1 day Explanation:
=10-4 x 86400 s Following rules of significant figures are
=8.64s ~86s I.  All the non-zero digits are significant.
2. i(a)2 II.  All the zeroes between two non-zero digits
are significant, no matter where the decimal
Explanation:

As, we know that the terminal or trailing zero(s)
in a number without a decimal point are not

significant. So, 4700m has two significant figures.

point is, if at all.

III. The terminal or trailing zero(s) in a number
without a decimal point are not significant.
Thus, 123m =12300cm =123000 mm has
three significant figures, the trailing zero(s)
being not significant.

0:0 0:0
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Motion in a Straight Line ‘ 3

If an object changes its position with respect to its surroundings with time, then it is called in motion. It is a change

in the position of an object over time. Motion in a straight line is nothing but linear motion. As the name suggests,
it'’s in a particular straight line, thus it can be said that it uses only one dimension.

There are two branches in physics that examine the motion of an object.
e Kinematics: It describes the motion of objects, without looking at the cause of the motion.

e Dynamics: It relates the motion of objects to the forces which cause them.

Position, Distance, Displacement:

A

oo Ve
&7 e
- &/ Displacement:
Start Position: (3,1) End Paosition:
(2,2) (5,3)
1

Origin

>

Position: Position of an object is always expressed with respect to some reference point which we generally
account to as origin. To express the change in position, we consider two physical quantities.

Distance: It refers to the actual path traversed by the object during the course of motion.

Displacement: [t refers to the difference between the final and initial positions of the object during the course of
motion.

Distance Displacement

It refers to the actual path traversed by the object
during the course of motion.

It refers to the difference between the initial and the
final positions Ax = x2—x1, where, x2and x1 are final and
initial position respectively.

It is a scalar quantity.

[t is a vector quantity.

The distance covered by an object during the course of
motion can never be negative or zero. It is always
positive.

The displacement of an object can be positive,
negative or zero during the course of motion.
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The distance travelled is either equal to or greater | The magnitude of displacement is less than or equal to

than displacement and is never less than magnitude of | the distance travelled during the course of motion.
displacement.

The distance is dependent upon the path travelled by | The magnitude of displacement is not dependent on
the object. the path taken by an object during the course of

motion.

Average Velocity and Average Speed
Average velocity is defined as the change in position or displacement (Ax) divided by the time intervals (At), in
which the displacement occurs:

_ Xy—x1 Ax
V="—"-=

t,—t; At

where x2 and x1 are the positions of the object at time tz2 and 45 -
t1, respectively. Here the bar over the symbol for velocity is a T 40 -
standard notation used to indicate an average quantity. The () 35 |
SI unit for velocity is m/s or m s-1, although km h-1is used in 30 -
many everyday applications. 25;51 ]
The average velocity is the slope of line P1 P2 20 1
The portion of the x-t graph between t=0sand t = 8 s is 15 4
blown up and shown in Fig. As seen from the plot, the average 10

velocity of the car between timet=5sandt=7si: 5 -

X, — X 27.4—-10.0)m _——
7= 2 1=( ) =8.7ms"! 0 T T T T

t(s)—

Average speed is defined as the total path length travelled

divided by the total time interval during which the motion has taken place:
Total path length

Total time interval

Average speed =

Average speed has obviously the same unit (m s-1) as that of velocity. But it does not tell us in what direction an
object is moving. Thus, it is always positive (in contrast to the average velocity which can be positive or negative).
If the

motion of an object is along a straight line and in the same direction, the magnitude of displacement is equal to the
total path length.In that case, the magnitude of average velocity is equal to the average speed.

However, this is not always the case. The average velocity gives an idea on how fast an object has been moving
over a given interval but does give an idea on how fast it moves at different instants of time during that interval.

Difference Between Speed and Velocity:

SPEED VS.VELOCITY

{ Speed is simply ]

how fast you are travelling

@ @

This car is travelling at
a speed of 20 m/s

Velocity is
Speed in a given direction

This car is travelling at
a velocity of 20 m/s east
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Speed Velocity

It refers to the total path length travelled divided by
the total time interval during which the motion has
taken place.

It refers to the change in position or displacement
divided by the time in which this
displacement occurs.

intervals,

It is a scalar quantity.

[t is a vector quantity.

It is always positive during the course of the motion.

It may be positive, negative or zero during the course
of the motion.

It is greater than or equal to the magnitude of velocity.

It is less than or equal to the speed.

Instantaneous Velocity and Instantaneous Speed:

The velocity at an instant is defined as the limit of the average velocity as the time interval At becomes
infinitesimally small. In other words,

— L Ax dx
VTR AE T dt

where the symbol En}) stands for the operation of taking limit as At — 0 of the quantity on its right. In the language

of calculus, the quantity on the right hand side is the differential coefficient of x with respect to t and is denoted by
dx

o It is the rate of change of position with respect to time, at that instant.

oON A OO

2 25 3 35 4 45 5 55 6
() —*

Determining velocity from position-time graph. Velocity at t = 4 s is the slope of
the tangent to the graph at that instant.

Acceleration

Car Slowing Down

-
o

'\ Soe

¢ - Acceleration
Velocitty

Car Speeding Up

Acceleration

—
Velocitty
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The average acceleration a over a time interval is defined as the change of velocity divided by the time interval:
a=2""n_ %
ta—t1 At

where vz and v1 are the instantaneous velocities or simply velocities at time t2 and t1. It is the average change of
velocity per unit time. The SI unit of acceleration is m s-2.

Instantaneous Acceleration: Mathematically, instantaneous acceleration can be expressed in the same way as
the instantaneous velocity as follows:
. Av dv
=M a
The acceleration of an object at a particular time is the slope of the velocity-time graph at that instant of time. For
uniform motion, acceleration is zero and the x-t graph is a straight line inclined to the time axis and the v-t graph

is a straight line parallel to the time axis. For motion with uniform acceleration, x-t graph is a parabola while the
v-t graph is a straight line inclined to the time axis.

Different Graphs of Motion

Displacement - Time Graph

.

"

5
L

b

L

Displacement
Displacement
Displacement

v
v

v

Time Time Time

(a) (b) (c)
Velocity - Time Graph
Slope of position-time graph = velocity over that interval of time

N A N N
| c / c c
L §=l 4 L L
[o] [o] (o} o}
(=3 o o (=3
time time time time
Slope is zero Slopeis positive  Slope is negative  Slope is curve
~velocity is zero ~velocity is ~velocity is ~velocity is not
(object at rest) constant, positive  constant, negative  constant
(objectaccelerating)
Acceleration - Time Graph
1 Positive a t Negative a + a=0
X X b /
0 — 0 7 0 —
(a) (b) ()

Position-time graph for motion with (a) positive acceleration; (b) negative acceleration, and (c) zero acceleration
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Uniform motion: UNIFORM MOTION GRAPH

If a body is said to be in uniform motion, the body completes equal A

distances in equal intervals of time.

=]
o

Here, velocity is constant during the course of motion. Also,

o«
o

acceleration is zero during the course of motion.

=
o

Non-Uniform motion:

N
o

If a body undergoes non-uniform motion, the body is said to be in

DISTANCE (IN METER)
w
o

uniformly accelerated motion. Here, the magnitude of velocity

-
o

increases or decreases with the passage of time. Also, acceleration

o

Y

would not be zero as it undergoes accelerated motion.

NON-UNIFORM MOTION GRAPH

1 2 3 4 5 6
TIME (IN MINUTES)

A
60
Z 50
o
£ 40
z
;é-; 30
5 20
S 10
0 >
1 2 3 4 56
TIME (IN MINUTES)
Top Formulae
Displacement AX =X = X4
Average velocity v = Displacement _ Ax
time interval At
Instantaneous velocity 4 LAl Ao dx
v=Ilimv=Ilim —=—
At—-0 at—-0 At dt
Average acceleration 5 AV
At
Instantaneous acceleration Y \ Vs |V
a=lima= lim —=—
At—0 at—0 At dt
Kinematic equations of motion v =V, +at
1
X = vt + —at?
2
V2 = v% 2ax

Equation of Kinematics:

These are the various relations between u, v, a, t and s for the particle moving with uniform acceleration where
the notations are used as :

u = Initial velocity of the particle at time t = 0 sec
v = Final velocity at time t sec

a = Acceleration of the particle
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s = Distance travelled in time t sec

sn = Distance travelled by the body in nt sec

(1) When particle moves with zero acceleration
() Itis aunidirectional motion with constant speed.
(ii) Magnitude of displacement is always equal to the distance travelled.
(iii) v=u,s=ut[Asa=0]

(2) When particle moves with constant acceleration

(i) Acceleration is said to be constant when both the magnitude and direction of acceleration remain
constant.

(ii) There will be one dimensional motion if initial velocity and acceleration are parallel or anti-parallel to

each other.

(iii) Equations of motion Equation of motion
(in scalar from) (in vector from)
v=u+at v=u+at

1 2 - s 1 el ”)
s=ut+—-at s=ut+—at

2 2
v’ =u’+2as v.v-uu=2as

u+v s
s= t s= —(u + v)t
2 2

a -~ - a

s, =u+—=(2n—-1 Sn=u+—(2n-1

Motion of Body Under Gravity (Free Fall):

The force of attraction of earth on bodies, is called force of gravity. Acceleration produced in the body by the force
of gravity, is called acceleration due to gravity. It is represented by the symbol g.

In the absence of air resistance, it is found that all bodies (irrespective of the size, weight or composition) fall with
the same acceleration near the surface of the earth. This motion of a body falling towards the earth from a small
altitude (h << R) is called free fall.

An ideal example of one-dimensional motion is motion under gravity in which air resistance and the small changes
in acceleration with height are neglected.

(1) Ifabody is dropped from some height (initial velocity zero)

(i) Equations of motion : Taking initial position as origin and direction of motion (i.e, downward
direction) as a positive, here we have
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(2)

(3)

(i)

u=0 [Asbody starts from rest]
a =+g [As acceleration is in the direction of motion]

v=gt (1)

h= %gtz (i)
vz =2gh ...(iii)
hn= %(Zn—l) (V)

Graph of distance, velocity and acceleration with respect to time :

8 v a

tand =g

t t t

(iii) Ash =(1/2)gt? i.e, h « t?, distance covered in time t, 2t, 3t, etc., will be in the ratio of 12: 22: 32, i.e,

(iv)

square of integers.
The distance covered in the nth sec, hn = % (2n-1)

So distance covered in 1st, 2nd, 3rd sec, etc., will be in the ratioof 1: 3 : 5, i.e,, odd integers only.

If a body is projected vertically downward with some initial velocity

Equation of motion : v=u + gt

1
h=ut = gt2
Zg

vZ=u?+2gh

hn=u+ % (2n-1)

If a body is projected vertically upward

@

(i)

(iii)

Equation of motion : Taking initial position as origin and direction of motion (i.e., vertically up) as
positive
a = - g [As acceleration is downwards while motion upwards]

So, if the body is projected with velocity u and after time t it reaches up to height h then
1 g
v=u—gt;h=ut—zgt2;v2=u2—2gh; hn=u+ E(Zn—l)

For maximum height v=0

So from above equation u = gt,

1
h==gt?

28
and u? - 2gh

Graph of displacement, velocity and acceleration with respect to time (for
maximum height) :
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-a
It is clear that both quantities do not depend upon the mass of the body or we can say that in absence of air
resistance, all bodies fall on the surface of the earth with the same rate.

The motion is independent of the mass of the body, as in any equation of motion, mass is not involved. That
is why a heavy and light body when released from the same height, reach the ground simultaneously and with

same velocity i.e, t=,/(2h/g) and v=/2gh.

In case of motion under gravity, time taken to go up is equal to the time taken to fall down through the same
distance. Time of descent (tz) = time of ascent (t1) = u/g

2
- Total time of flight T = t; + t; = ~>

8
In case of motion under gravity, the speed with which a body is projected up is equal to the speed with which
it comes back to the point of projection.
As well as the magnitude of velocity at any point on the path is same whether the body is moving in upwards
or downward direction.

A body is thrown vertically upwards. If air resistance is to be taken into account, then the time of ascent is
less than the time of descent. t2 > t1.

u2

2(g+a)’

where g is acceleration due to gravity and a is retardation by air resistance and for upward motion both will

u
Let u is the initial velocity of body then time of ascent t;, =—— and h=
g+a

work vertically downward.
So h= %(g —a)t;

u2

:m:%(g—a)tg

Jlg+a)(g-a)

Comparing t1 and t2 we can say that t2 > t1 since (g + a) > (g - a).

Motion with Variable Acceleration:

(D

If acceleration is a function of time

a=f(t)  then v=u+ jotf(t)dt

and s=ut +J:(If(t)dt)dt

@ www.stepupacademy.ind.in Q @stepupacademyindia ) @stepupacademyindia r@ @stepupacademy_



@Step Up Academy | 37

(ii) Ifacceleration is a function of distance

a=f(x) then v? =u? +2J‘X f(x)dt
(iii) If acceleration is a function of velocity

a=f(t) then t= Vd_V and x=x, + V&
)  E)

Motion In Two Dimension:

The motion of an object is called two dimensional, if two of the three co-ordinates required to specify the position
of the object in space, change w.r.t time.

In such a motion, the object moves in a plane. For example, a billiard ball moving over the billiard table, an insect

crawling over the floor of a room, earth revolving around the sun etc.

Two special cases of motion in two dimension are

1. Projectile motion 2. Circular motion

Introduction of Projectile Motion:

A hunter aims his gun and fires a bullet directly towards a monkey sitting on a distant tree. If the monkey remains
in his position, he will be safe but at the instant the bullet leaves the barrel of gun, if the monkey drops from the
tree, the bullet will hit the monkey because the bullet will not follow the linear path.

The path of motion of a bullet will be parabolic and this motion of bullet is defined as projectile motion.

If the force acting on a particle is oblique with initial velocity then the motion of particle is called projectile motion.

Projectile:

A body which is in flight through the atmosphere under the effect of gravity alone and is not being propelled by
any fuel is called projectile.

Example:

(i) Abomb released from an aeroplane in level flight
(i) Abullet fired from a gun

(iii) Anarrow released from bow

(iv) AJavelin thrown by an athlete

Assumptions of Projectile Motion:

(1) There is no resistance due to air.

(2) The effect due to curvature of earth is negligible.
(3) The effect due to rotation of earth is negligible.

(4) For all points of the trajectory, the acceleration due to gravity ‘g’ is constant in magnitude and direction.

Principle of Physical Independence of Motions:

(1) The motion of a projectile is a two-dimensional motion. So, it can be discussed in two parts. Horizontal motion
and vertical motion. These two motions take place independent of each other. This is called the principle of
physical independence of motions.
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(2) The velocity of the particle can be resolved into two mutually perpendicular components. Horizontal

component and vertical component.

(3) The horizontal component remains unchanged throughout the flight. The force of gravity continuously affects

the vertical component.

(4) The horizontal motion is a uniform motion and the vertical motion is a uniformly accelerated or retarded

motion.
Types of Projectile Motion:
(1) Oblique projectile motion
(2) Horizontal projectile motion

(3) Projectile motion on an inclined plane

Oblique Projectile:

In projectile motion, horizontal component of velocity (u cos8), acceleration (g) and mechanical energy remains

constant while, speed, velocity, vertical component of velocity (u sin8), momentum, kinetic energy and potential

energy all changes. Velocity, and KE are maximum at the point of projection while minimum (but not zero) at

highest point.

(1) Equation of trajectory : A projectile is thrown with velocity u at an angle 8 with the horizontal. The velocity
u can be resolved into two rectangular components.

Y

-(—X—’}P

u
. v
usin # p lr
é

O ucos X

v cos 6 component along X-axis and u sin 8 component along Y-axis.

()

For horizontal motion X=ucosOxt=>t=
ucos0

For vertical motion y = (u sin8)t —% gt? ..(ii)

From equation (i) and (ii)

2
y:usine( X j—lg ZX >
ucos® /) 27\ u‘cos‘0
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(2)

1 g
2 u®cos’0

This equation shows that the trajectory of projectile is parabolic because it is similar to equation of parabola

y =xtan0—

y = ax - bx?
Note : Equation of oblique projectile also can be written as
2 .
y =xtan® _{1 _E} (where R = horizontal range = 22~ sin20 )
g

Displacement of projectile (F) : Let the particle acquires a position P having the coordinates (x, y) just after

time t from the instant of projection. The corresponding position vector of the particle at time t is r as shown
in the figure.
Y 4

!
¥

F:Xi+yi (i)

The horizontal distance covered during time t is given as

Xx=V_t=>x=ucosOt ..(i)

The vertical velocity of the particle at time t is given as

v, =(v, )y —gt ...(iii)

Now the vertical displacementy is given as

y =usin0t-1/2 gt* ..(iv)

Putting the values of x and y from equation (ii) and equation (iv) in equation (i) we obtain the position vector

atany time tas

~

r= (ucose)tf+((usin9)t —%gtzj]

2
=>r= \/(ucose)z +((usin9)t —%gtzj

2 .
r=ut\/1+(g) _gtsTlnG and ¢p=tan™ (y/x)

2u
ut sine—lgt2
=tan!|——2_ | or ¢=tan (—Zusme—gtj
(utcos6) 2ucos0

Note : The angle of elevation ¢ of the highest point of the projectile and the
angle of projection 0 are related to each other as

1
tand==tan0
¢ 2
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(3) Instantaneous velocity v : In projectile motion, vertical component of velocity changes but horizontal
component of velocity remains always constant.

Example : When a man jumps over the hurdle leaving behind its skateboard then vertical component of his
velocity is changing, but not the horizontal component which matches with the skateboard velocity.

As aresult, the skateboard stays underneath him, allowing him to land on it.

[
S S

Let vi be the instantaneous velocity of projectile at time t, direction of this velocity is along the tangent to the
trajectory at point P.

e . i _ 2 2
Vi =V, i+V, v, = Vi + VD

=,/u’ cos® 6+(usin6—gt)2

v, =\/u2 +g°t* —2ugtsin®

N . . V, usinf-gt
Direction of instantaneous velocity tano=—=——>-
\% ucos6

X

or aa=tan™’ {tane —gsece}
u

(4) Change in velocity : Initial velocity (at projection point) u; =ucos 6i+usin 9}
Final velocity (at highest point) Ur =ucosBi+ Oi
(i) Change in velocity (Between projection point and highest point) Au=us—u; = —usin@}
When body reaches the ground after completing its motion then final velocity ur =ucos 0i—usin Gf
(ii) Change in velocity (Between complete projectile motion) Au= u; —u, =2usin 0i
(5) Change in momentum : Simply by the multiplication of mass in the above expression of velocity (Article-4).
(i) Change in momentum (Between projection point and highest point) Ap= f)f —f)i = —msin@i
(ii) Change in momentum (For the complete projectile Ap= f)f _131 = —2musin6}

(6) Angular momentum : Angular momentum of projectile at highest point of trajectory about the point of
projection is given by

2 .2
L =mvr {Herer=H=w}
2g
u?sin’® mu’cosOsin® 0
L=mucos6 =
2g 2g
Y
P=nmv
u r
0 ! X
O
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(7) Time of flight : The total time taken by the projectile to go up and come down to the same level from which
it was projected is called time of flight.

For vertical upward motion 0 =u sin 6 - gt
= t=(usin6/g)
Now as time taken to go up is equal to the time taken to come down so
2usin®
g

Time of flight T=2t=

y

(i) Time of flight can also be expressedas: T = (where uy is the vertical component of initial velocity).

(ii) For complementary angles of projection 6 and 90° - 6.

T .
(a) Ratio of time of flight = —L = M
T, 2usin(90-6)/g

T,
=tan®= - =tanH
2

2usin® B 2ucoso
g g

(b) Multiplication of time of flight =T, T, =

2R
=>TT,=—
g
(iii) If t1 is the time taken by projectile to rise upto point p and tz is the time taken in falling from point p to

i t, +t
ground level then T, +T, = 2usin0 g( 12 2)

time of flight or usin6 = and height of the point p is given

by h=usin6t, —%gti

t, +t
- ( - 2)t1 _lgtf
2 2 X
t
by solving h= %
(iv) If B and C are at the same level on trajectory and the time difference
between these two points is t1, similarly A and D are also at the same
level and the time difference between these two positions is t2 then
to—ti = 8h
g
(8) Horizontal range : [t is the horizontal distance travelled by a body during X
the time of flight. v
So by using second equation of motion in x-direction R =u cos® x T
=ucos6x(2usin6/g)
u
u’sin20
= 2} X
g ¢ :
O «—— Horizontal range —
u’sin20
R=——
g
(i) Range of projectile can also be expressed as :
R=ucos6xT ZUCOSGM
g
Z2u_u . . N .
. R=—2*% (where ux and uy are the horizontal and vertical component of initial velocity)
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(ii) If angle of projection is changed from 6 to 8’ = (90 - 6) then range remains unchanged.
R'— u’sin26' u’ sin[2(90°—9)] _u’sin20 R
g g g
So a projectile has same range at angles of projection 6
and (90 - 8), though time of flight, maximum height
and trajectories are different.
These angles 6 and 90° - 0 are called complementary
angles of projection and for complementary angles of
R *si R
projection, ratio of range —% = — u’sin26/g =1=>-"1=1
R, u’sin[2(90°-6)]/g R,
(iii) For angle of projection 81 = (45 - 8) and 02 = (45+0), range will be same and equal to u®cos20,/g.
01 and 02 are also the complementary angles.
(iv) Maximum range : For range to be maximum
2 .
d_R:():i u”sin260 -0
de do
=c0s20=01.e.260=90°=0=45°
i.e., a projectile will have maximum range when it is projected at an
angle of 45° to the horizontal and the maximum range will be
(u?/8).
When the range is maximum, the height H reached by the projectile. 1
H
H_uzsinz(ﬂ_uzsinzélS_u_Z_Rmax l
2g 2g 4g 4 Oe——— R,u=4H —— x
i.e, ifa person can throw a projectile to a maximum distance Rmax. The maximum height during the flight
R
to which it will rise is (%J )
2 o3 2 .2
(v) Relation between horizontal range and maximum height: R = 4 521n26 and H="1 521n 0
g g
2 .
" R =112L226/g =4cot0 = R=4Hcot0O
H u’sin’6/2g
(vi) Ifin case of projectile motion range R is n times the maximum height H
2 : 2 Qin2
ie RenH—" sin20 _pwsin 0
g 2g
= tan 0 = [4/n] or 6 =tan-1[4/n] o
The angle of projection is given by 8 = tan-1[4/n].
Note : If R = H then 6 = tan-1[4/n] or 6 = 76°.
(9) Maximum height : It is the maximum height from the point of Y

projection, a projectile can reach.
So, by using vZ = u? + 2as
0 = (usinB)% - 2gH

H

@

_u’sin®0

z
]
£
=

2g

Maximum height can also be expressed as

2

H= 2—y where uy is the vertical component of initial velocity).
g
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(i) H,, :121_ (when sin?8 = max =1, i.e.,, 8 = 90°)
8

2

i.e., for maximum height body should be projected vertically upward. So it falls back to the point of

projection after reaching the maximum height.

(iii) For complementary angles of projection 6 and 90° - 6

Ratio of maximum height
_H, _ u’sin®92g  _sin’6 _
H, u’sin*(90°-6)/2g cos’0

tan’*0

H
. —L=tan’0
2

(10) Projectile passing through two different points on same height at time t1 and tz : If the particle passes
two points situated at equal height y att = t1 and t = t, then

@

(i)

(11) Motion of a projectile as observed from another projectile : Suppose ¥y
two balls A and B are projected simultaneously from the origin, with
initial velocities u1 and uz at angle 81 and 02, respectively with the

Height (y):  y=(usin®)t, —%gtf (i)

and y =(usin®)t, —%gtg ..(ii)
Comparing equation (i) with equation (ii)
g(t, +t,)

2

usin0 =

Substituting this value in equation (i)

t+t, 1, gt.t,
y g[ 2 j 1 Zg 1=y 2

Time (t1 and t2): y:usinet—%gt2

2 _2usin9+2_y_0:>t_usin9
g g g

1+

horizontal.

The instantaneous positions of the two balls are given by

Ball A:x, :(u1 Cosel)t, y, =(u1 Sinel)t—%gtz

Ball B:x, :(u2 cosez)t, Y, :(u2 sind, )t—%gtz

Uy

vi—yz
Uz

o B
th X

The position of the ball A with respect to ball B is given by

X=X, —X, :(u1 cosf, —u, cos@z)t

y=y, -y, =(u,sin6, —u,sin6, )t
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Now ¥ = W sin6, —u,sin6,
x | u,cos6, —u,cos0,

j = constant

Thus motion of a projectile relative to another projectile is a straight v
line.

u cosé
(12) Energy of projectile : When a projectile moves upward its kinetic K’= Kcos®0
energy decreases, potential energy increases but the total energy always
remain constant. K %

If a body is projected with initial kinetic energy K(=1/2 mu?), with angle of projection 6 with the horizontal
then at the highest point of trajectory.

(i) Kinetic energy = %m(ucos@)2 :%mu2 cos’ 0

~ K'=Kcos?0
2 a2
(ii) Potential energy = mgH :mgu szm 0
g
2 142
—Lwsin?e AsH =Y S0
2 2g

(iii) Total energy = Kinetic energy + Potential energy

= % mu® cos’ 0 4—%mu2 sin”0

1 . —
= Emu2 = Energy at the point of projection.
This is in accordance with the law of conservation of energy.

TIME OF FLIGHT & HORIZONTAL RANGE OF PROJECTILE MOTION ON INCLINED PLANE:

Projectile Motion on Inclined Plane: Figure shows an inclined plane at an angle a and a particle at an angle a with
the direction of plane with initial velocity u. In such cases we take our reference x- and y-axes in the direction along
and perpendicular to the inclined as shown.

y

Unlike to the simple projectile motion, here the x-component of the velocity of the projectile will also be retarded
by a gsina. Now y-component of the velocity is retarded by gcosa instead of g. As shown here g is resolved in two
directions.

As here y-direction component is retarded by gcosa, to find the time of flight and maximum height, we can use

. 2 -
equations T= 2usin® and R= M, replacing g by gcosa,
8 g
Time of flight on inclined plane projectile is
T 2usin®
gcosa
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Maximum height of the projectile with respect to inclined plane is

He u’sin’*0
2gcosa
u’sin20
For evaluation of range on inclined plane we cannot use equation R =—————, just by replacing g by gcosa, as
8

here we also have
Acceleration in x-axis ax = -g sina

Now we again find the distance traveled by the particle along x-direction in the duration time of flight is
R=usin6.T —%gsinoc.T2
On substituting the value of time of flight T, we get

R u?sin20 2u’sinasin®0

gcosa gcos®a

Students are advised not to apply the above expression of range on inclined plane, as a standard result, it should
be processed and evaluated according to the numerical problem. Above results we've derived for the projectile
thrown up an inclined plane. If projectile is thrown down an inclined plane, the acceleration along the plane gsina
will increase the velocity of the particle along the plane, thus in the expression for range we should use +ve sing
as

N u’sin20 N 2u®sinasin® 0
gcosa. gcos’ a.

: . . . o dR N
To find the maximum range on incline plane. One can use maxima-minima as TR The range on inclined plane has

a maximum value given as

uZ

g(1+sina)

In above equation +ve sign is used for projectile up the plane and -ve sign is used for projectile down the plane.

Example. A ball is dropped from a height h above a point on an inclined plane, with angle of inclination 6.
The ball makes an elastic collision with the surface and rebounds off the plane. Determine the
distance from the point of first impact to the point where ball hit the plane second time.

Key concept: Take the point of first impact as the origin. Direction along the plane will be the x-axis and the
direction perpendicular to the plane will be the y-axis. It is given that the ball rebounds elastically
and implies that no change in kinetic energy of the ball before and after the collision. The ball
rebounds with the same speed with which it will strike the plane after falling a distance h, which
is u=4/2gh . After rebound, the horizontal component of velocity u sin8 will be accelerated by g

sinB and the vertical component of the velocity ucos8 will be retarded by gcos®.

Solution: Here time of flight from first impact to the second impact is given as

T:Z&: 2ucos0 _ 2u
a, gcosh g

In this duration the distance travelled by the horizontal component is

2 2 .
R=R= usine.z—u+lgsin6(2—uj _ 4u’sin®

8hsin® (sinceu:\/Zg_h)
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Example.

A projectile is thrown with a speed u, at an angle 6 to an inclined plane Y
of inclination B. Find the angle 0 at which the projectile is thrown such

that it strikes the inclined plane normally.
Key concept: At the time of striking, x-component of velocity is zero (vx=0) is zero.

Solution:

p< B

Here we have time of flight of particle is

T 2usin®
gcosf
Thus from speed equation in x-direction, we have
2usin6j
gcosp

0 :ucose—gsinﬁ(
or cotB = tanf3
or 0 = cot™! (tanf)

CIRCULAR MOTION:

Circular motion is another example of motion in two dimensions. To create circular
motion in a body it must be given some initial velocity and a force must then act on

the body which is always directed at right angles to instantaneous velocity. Ys

Since this force is always at right angles to the displacement due to the initial velocity F¥v g
L ]

therefore no work is done by the force on the particle. Hence, its kinetic energy and Fyr

thus speed is unaffected. But due to simultaneous action of the force and the velocity
the particle follows resultant path, which in this case is a circle. Circular motion can
be classified into two types - Uniform circular motion and non-uniform circular
motion.

Variables of Circular Motion:

(1) Displacement and distance : When particle moves in a circular path describing an angle 6 during time t (as

shown in the figure) from the position A to the position B, we see that the magnitude of the position vector r

(that is equal to the radius of the circle) remains constant. i.e., ‘Fl‘ =‘fz‘ =r and the direction of the position

vector changes from time to time.

(i) Displacement : The change of position vector or the displacement Ar of the particle from position A to

the position B is given by referring the figure.

Ar=r;—-11

:Ar:‘Ar‘ :‘Pz —n‘ Ar:\/rl2 +1; — 21,1, C0S0

Putting r1 = r2 = r we obtain

Ar =+r? + 12 —2r.rcos

Ar =, [2r? (1 —cos 9) = [2r? (ZSin2 g}

Ar= 2rsin9
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(2)

(3)

(4)

(ii) Distance : The distanced covered by the particle during the time t is given as
d =length of the arcAB=r 0

(iii) Ratio of distance and displacement : i = r_@ = Qcosec(e/Z)
Ar 2rsinf/2 2

Angular displacement (0) : The angle turned by a body moving on a circle from some reference line is called
angular displacement.

(i) Dimension = [MOLOT9] (as 6 =arc / radius).

(ii) Units = Radian or Degree. It is sometimes also specified in terms of fraction or multiple of revolution.
(iii) 2 mrad=360° =1 Revolution

(iv) Angular displacement is a axial vector quantity.

Its direction depends upon the sense of rotation of the object and can be given by Right Hand Rule; which
states that if the curvature of the fingers of right hand represents the sense of -

rotation of the object, then the thumb, held perpendicular to the curvature of the L‘:S
fingers, represents the direction of angular displacement vector. o "r l

(v) Relation between linear displacement and angular displacement s=0xr

or s=r0
Angular velocity (w) : Angular velocity of an object in circular motion is defined as the time rate of change

of its angular displacement.

angle traced _ Lt AD AO

i) Angular velocity w = = —_— =
@ & y time taken -0 At dt

do
0=—
dt
(ii) Dimension : [MOLOT-1]
(iii) Units : Radians per second (rad.s™1) or Degree per second.

(iv) Angular velocity is an axial vector.
(v) Relation between angular velocity and linear velocity V=OXr

Its direction is the same as that of AD. For anticlockwise rotation of the point object on the circular path, the
direction of w, according to Right hand rule is along the axis of circular path directed upwards. For clockwise
rotation of the point object on the circular path, the direction of w is along the axis of circular path directed
downwards.

Note: It is important to note that nothing actually moves in the direction of the angular velocity vector o.
The direction of ® simply represents that the rotational motion is taking place in a plane perpendicular to it.

(vi) For uniform circular motion w remains constant where as for non-uniform motion w varies with respect
to time.

Change in velocity : We want to know the magnitude and direction of the change in velocity of the particle
which is performing uniform circular motion as it moves from A to B during time t as shown in figure. The
change in velocity vector is given as

AVv=vz;—V1

or |AV| = |V2 —V1| = Av= \/vf +V2—2v,v,cos0

For uniform circular motionvi=v2=v

Av =5 —1y

1
1
1
]
1
v

So Av=,/2v*(1-cos6) :szing
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The direction of Av is shown in figure that can be given as

¢:%0_9=(90°—9/2)

Note: Relation between linear velocity and angular velocity.

In vector form v=mxr

(5) Time period (T) : In circular motion, the time period is defined as the time taken by the object to complete
one revolution on its circular path.
(i) Units: second.
(ii) Dimension : [MOLOT]
(iii) Time period of second’s hand of watch = 60 second.
(iv) Time period of minute’s hand of watch = 60 minute
(v) Time period of hour’s hand of watch = 12 hour

(6) Frequency (n) : In circular motion, the frequency is defined as the number of revolutions completed by the
object on its circular path in a unit time.

(i) Units:s™1 or hertz (Hz).
(ii) Dimension : [MOLOT-1]
Note: Relation between time period and frequency : If n is the frequency of revolution of an object in circular

motion, then the object completes n revolutions in 1 second. Therefore, the object will complete one
revolution in 1/n second.

~T=1/n
Relation between angular velocity, frequency and time period : Consider a point object describing a uniform

circular motion with frequency n and time period T. When the object completes one revolution, the angle
traced at its axis of circular motion is 2m radians. It means, when time t = T, 6 = 21 radians. Hence, angular

velocity wzgzz—’;E:Znn (“T=1/n)

m:@=2nn
T

If two particles are moving on same circle or different coplanar concentric circles in same direction with
different uniform angular speeds wa and ws respectively, the angular velocity of B relative to A will be

Wrel = WB — WA

So the time taken by one to complete one revolution around O with respect to the other (i.e., time in which B
complete one revolution around O with respect to the other (i.e., time in which B completes one more or less
revolution around O than A)

o2 _ 2 _ T, [ Zn}

as T=—
o)

) o,—-o, T -T,

rel

Special case : If ws = ws, wret = 0 and so T =00, particles will maintain their position relative to each other.
This is what actually happens in case of geostationary satellite (w1 = w2 = constant)

(7) Angular acceleration («a) : Angular acceleration of an object in circular motion is defined as the time rate of
change of its angular velocity.

(i) If Aw be the change in angular velocity of the object in time interval t and t + At, while moving on a
circular path, then angular acceleration of the object will be
do do d%0
a= —_—_——_— = —
a0 At dt dt?
(i) Units:rad.s2
(iii) Dimension : [MOLOT-2]
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(iv) Relation between linear acceleration and angular acceleration a=axr

. . . . . ©
(v) For uniform circular motion since w is constant so o= m =0
t

(vi) For non-uniform circular motion a # 0
Note: Relation between linear (tangential) acceleration and angular acceleration a=oxr

For uniform circular motion angular acceleration is zero, so tangential acceleration also is equal to zero.

For non-uniform circular motion a # 0 (because a # 0).

Centripetal Acceleration:
(1) Acceleration acting on the object undergoing uniform circular motion is called centripetal acceleration.

(2) Italways acts on the object along the radius towards the centre of the circular path.

2 2
\4 T
(3) Magnitude of centripetal acceleration a=-— = ’r =4nn’r = ?r v
r
(4) Direction of centripetal acceleration : It is always the same as that of AV . When At

decreases, A0 also decreases. Due to which Av becomes more and more

perpendicular to v.When At - 0, Av becomes perpendicular to the velocity vector. As the velocity vector of

the particle at an instant acts along the tangent to the circular path, therefore Av and hence the centripetal
acceleration vector acts along the radius of the circular path at that point and is directed towards the centre
of the circular path

Centripetal Force:

According to Newton's first law of motion, whenever a body moves in a straight line with uniform velocity, no force
is required to maintain this velocity. But when a body moves along a circular path with uniform speed, its direction
changes continuously i.e. velocity keeps on changing on account of a change in direction. According to Newton's
second law of motion, a change in the direction of motion of the body can take place only if some external force
acts on the body.

Due to inertia, at every point of the circular path; the body tends to move along the
tangent to the circular path at that point (in figure). Since every body has directional
inertia, a velocity cannot change by itself and as such we have to apply a force. But this
force should be such that it changes the direction of velocity and not its magnitude. This F
is possible only if the force acts perpendicular to the direction of velocity. Because the F

velocity is along the tangent, this force must be along the radius (because the radius of
a circle at any point is perpendicular to the tangent at that point). Further, as this force v

is to move the body in a circular path, it must acts towards the centre. This centre-
seeking force is called the centripetal force.

Hence, centripetal force is that force which is required to move a body in a circular path with uniform speed. The
force acts on the body along the radius and towards centre.

2 2
mv m4n‘r
(1) Formulae for centripetal force : F= =mw’r = m4n’n’r = T
r
(2) Centripetal force in different situation
Situation Centripetal Force

A particle tied to a string and whirled in a | Tension in the string
horizontal circle
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Vehicle taking a turn on a level road Frictional force exerted by the road on the tyres
A vehicle on a speed breaker Weight of the body or a component of weight
Revolution of earth around the sun Gravitational force exerted by the sun

Electron revolving around the nucleus in an atom | Coulomb attraction exerted by the protons in the
nucleus

A charged particle describing a circular path in a | Magnetic force exerted by the agent that sets up the
magnetic field magnetic field

Centrifugal Force:

It is an imaginary force due to incorporated effects of inertia. When a body is rotating in a circular path and the
centripetal force vanishes, the body would leave the circular path. To an observer A who is not sharing the motion
along the circular path, the body appears to fly off tangential at the point of release. To another observer B, who is
sharing the motion along the circular path (i.e., the observer B is also rotating with the body with the same
velocity), the body appears to be stationary before it is released. When the body is released, it appears to B, as if it
has been thrown off along the radius away from the centre by some force. In reality no force is actually seen to act
on the body. In absence of any real force the body tends to continue its motion in a straight line due to its inertia.
The observer A easily relates this events to be due to inertia but since the inertia of both the observer B and the
body is same, the observer B can not relate the above happening to inertia. When the centripetal force ceases to
act on the body, the body leaves its circular path and continues to moves in its straight-line motion but to observer
B it appears that a real force has actually acted on the body and is responsible for throwing the body radially out-
words. This imaginary force is given a name to explain the effects on inertia to the observer who is sharing the
circular motion of the body. This inertial force is called centrifugal force. Thus centrifugal force is a fictitious force
which has significance only in a rotating frame of reference.
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£ Class : 11th Physics \
\ Chapter- 3 : Motion in a Straight Line ‘
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: acceleration. e.g Apple

: falling from a tree.
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20— 2
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- Displacement
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Distance
: Total length of the path
: traversed by any object is :
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Equations of scalar quantity.
un‘formly ................................
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Important Questions

Multiple Choice Questions

1.

A boy starts from a point A, travels to a point B at
a distance of 3 km from A and returns to A. If he
takes two hours to do so, his speed is

(a) 3 km/h

(b) zero

(c) 2km/h

(d) 1.5 km/h

A body starts from rest and travels with uniform
acceleration a to make a displacement of 6 m. If

its velocity after making the displacement is 6
m/s, then its uniform acceleration a is

(a) 6 m/s?

(b) 2 m/s?

(c) 3 m/s?

(d) 4 m/s?

Which one of the following is the unit of
acceleration?

(@) m/s

(b) m/s?

(c) km/hr

(d) cm/s

The dimensional formula for speed is

(a) T

(b) LT

(c) LT

(d) LT

A body starts from rest and travels for t second
with uniform acceleration of 2 m/s? If the

displacement made by it is 16 m, the time of
travel tis

(@)4s

(b)3s

(c)6s

(d)8s

The dimensional formula for acceleration is
(a) [LT?]

(b) [LT]

(c) [L2T]

(d) [L2T?]

7. A body starts from rest and travels for five
seconds to make a displacement of 25 m. if it has
travelled the distance with uniform acceleration
athenais
(a) 3m/s?

(b) 4 m/s?
() 2m/s?
(d) 1 m/s?

8. A 180 meter long train is moving due north at a
speed of 25 m/s. A small bird is flying due south,
a little above the train, with a speed of 5 m/s. The
time taken by the bird to cross the train is
(a)10s
(b)12s
(c)9s
(d)6s

9. The dimensional formula for velocity is
(a) [LT]

(b) [LT]
(c) [L2T]
(d) [LT]

10. A body starts from rest and travels with an
acceleration of 2 m/s?. After t seconds its velocity
is 10 m/s. Then tis
(@) 10s
(b)5s
(c)20s
(d)6s

Very Short:

1. Can a moving body have relative velocity zero
with respect to another body? Give an example.

2. Can there be motion in two dimensions with
acceleration in only one dimension?

3. Isit true that a body is always at rest in a frame
that is fixed to the body itself?

4. Tell under what condition a body moving with
uniform velocity can be in equilibrium?

5.  What does the speedometer records: the average

speed or the instantaneous speed?
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6.

10.

Can an object be accelerated without speeding up
or slowing down? Give examples,

Is it possible to have the rate of change of velocity
constant while the velocity itself changes both in
magnitude and direction? Give an example.

Which motion is exactly represented by As = vAt?

In which frame of reference is the body always at
rest?

What is common between the two graphs shown
in figs, (a) and (b)?

Short Questions:

1.

Prove that the average velocity of a particle over
an interval of time is either smaller than or equal
to the average speed of the particle over the same
interval.

Two trains each of the length 109 m and 91 m are
moving in opposite directions with velocities 34
km h-1 and 38 km h-! respectively. At what time
the two trains will completely cross each other?

Ambalais ata distance of 200 km from Delhi. Ram
sets out from Ambala at a speed of 60 km h-1 and
Sham set out at the same time from Delhi at a
speed of 40 km h-1. When will they meet?

A car travelling at a speed of 60 km h! on a
straight road is ahead of a scooter travelling at a
speed of 40 km h'l. How would the relative
velocity be altered if the scooter is ahead of the
car?

Draw the position-time graphs for two objects
initially occupying different positions but having
zero relative velocity.

A ball is thrown vertically upward with a velocity
of 20 ms1. It takes 4 seconds to return to its
original position. Draw a velocity-time graph for
the motion of the ball and answer the following
questions:

At which point P, Q, R, the stone has:

(a) reached its maximum height.

(b) stopped moving?

“It is the velocity and not the acceleration which
decides the direction of motion of a body.” Justify
this statement with the help of a suitable
example.

Two buses A and B starting from the same point
move in a mutually perpendicular direction with

speeds uA km h-! and uB km h-! respectively.
Calculate the relative velocity of A w.r.t B.

Long Questions:

1.

Define the following terms:

(a) speed

(b) uniform speed

(c) variable speed

(d) average speed

(e) instantaneous speed

(f) velocity

(g) uniform velocity

(h) variable velocity

(i) uniform motion

(j) average velocity in uniform
(k) relative velocity motion

(1) instantaneous velocity

(m) acceleration

(n) retardation

(o) variable acceleration

(p) average acceleration

(q) uniform acceleration

(r) instantaneous acceleration.
Explain the importance of the position-time
graph.

Derive relations:

()v=u+at

(ii) v2-uz = 2as

(iii) s=ut + % at2.

Assertion Reason Questions:

1.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Assertion
reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct;
reason is not a correct explanation for

is correct, reason is correct;

assertion
(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct.

Assertion: A body may be accelerated even when
it is moving uniformly.

Reason: When direction of motion of the body is
changing, the body must have acceleration.
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Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Assertion is correct, reason is correct;
reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct;
reason is not a correct explanation for
assertion

(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct.

Assertion: Displacement of a body may be zero
when distance travelled by it is not zero.
Reason: The displacement is the longest distance
between initial and final position.

Case Study Questions:

1.

If the position of an object is continuously
changing w.r.t. its surrounding, then it is said to
be in the state of motion. Thus, motion can be
defined as a change in position of an object with
time. It is common to everything in the universe.
In the given figure, let P, Q and R represent the
position of a car at different instants of time.

R Q P

o0

I |

T T 1 1 T T 1 1

40 80 120 160 200 240 280 320 360 400 (M)
X-axis

I I T T
-160-120 -80 40

i.  With reference to the given figure, the
position coordinates of points P and R are

(@ P=(+360,0,0);R=(-120,0,0)

(b) P=(-360,0,0); R=(+120,0,0)

(c)P=(0,+360,0); R=(-120,0,0)

(d)P=(0,0+360)R=(0,0,-120)
ii.  Displacement of an object can be

(a) Positive

(b) Negative

(c) Zero

(d) All of the above

iii. The displacement of a car in moving from O
to P and its displacement in moving from P
to Q are

(@) + 360m and -120m
(b) -120m and + 360m
(c) +360m and + 120m
(d) + 360m and - 600m

iv. Ifthe car goes from O to P and returns back
to O, the displacement of the journey is

(a) Zero

(b) 720m
(c) 420m
(d) 340m

v.  The path length of journey from O to P and
back to O is
(a)0m
(b) 720m
(c) 360m
(d) 480m

When an object is in motion, its position changes
with time. So, the quantity that describes how fast
is the position changing w.r.t. time and in what
direction is given by average velocity. It is defined
as the change in position or displacement (Dx)
divided by the time interval (Dt) in which that
displacement occurs. However, the quantity used
to describe the rate of motion over the actual
path, is average speed. It defined as the total
distance travelled by the object divided by the
total time taken.

i. A 250m long train is moving with a uniform
velocity of 4.5 kmh-1The time taken by the
train to cross a bridge of length 750m is
(@) 56
(b)68s
(c)80s
(d)92s

ii. A truck requires 3 hr to complete a journey
of 150 km. What is average speed?

(a) 50 km/h
(b) 25 km/h
(c) 15 km/h
(d) 10 km/h

iii. Average speed of a car between points A and
Bis 20 m/s, between B and Cis 15 m/s and
between C and D is 10 m/s. What is the
average speed between A and D, if the time
taken in the? mentioned sections is 20s, 10s
and 5s, respectively?

(@) 17.14 m/s
(b) 15 m/s
(c)10m/s
(d) 45 m/s
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iv. A cyclist is moving on a circular track of 35

radius 40 m completes half a revolution in 304+
40 s. Its average velocity is x (M)27.44 v

251 i
(a) zero 0. E
(b) 2ms ! 151 ;
(c) 4mr ms™?! 1{5) | E
(@ 6 ms”" Y s E

v. In the following graph, average velocity is
geometrically represented by

(a) Length of the line P1 P2

(b) Slope of the straight-line P1 P2

(c) Slope of the tangent to the curve at P1
(d) Slope of the tangent to the curve at P2

Answer Key

Multiple Choice Answers-

© 0 N s W N

—_
1

Answer: (a) 3 km/h
Answer: (c) 3 m/s?
Answer: (b) m/s?
Answer: (b) LT!
Answer: (b) 3 s
Answer: (b) [LT-?]
Answer: (c) 2 m/s?
Answer: (d) 6 s
Answer: (b) [LT1]
Answer: (b) 5s

Very Short Answers:

1.

vi. o WD

o

Answer: Yes, two trains running on two parallel
tracks with the same velocity in the same
direction.

Answer: Yes, projectile motion.

Answer: Yes.

Answer: When the net force on the body is zero.
Answer: It

records (or measures) the

instantaneous speed.
Answer: Yes, circular motion.
Answer: Yes, in projectile motion.

Answer: It Represents motion with uniform
velocity.

Answer: The body is always at rest in the frame
attached to it i. e. inertial frame of reference.

10. Answer:

TL\t-—a
. AN

(e) (b)

Both these graphs represent that the velocity is
negative.

Short Questions Answers:

1.

Answer: Average velocity is defined as the ratio
of the total displacement to the total time.
Average speed is defined as the ratio of the total
distance to the total time. Since displacement is
less than or equal to the distance, therefore the
average velocity is less than or equal to the
average speed.

Answer:

Letly, 12 be the lengths of the two trains.

v1, v2 be their velocities respectively.
~11=109m, 2 = 91 m, v1 = 34kmh-1, vz = 38kmh-
1.

As the trains are moving in opposite directions so
relative velocity of the trains is given by
vi-(-vz)=vi+v

=34 + 38 =72 kmh-
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=72 x> =20 ms?!
18
Total distance to be covered by the two trains in
crossing each other
=l1+12=109+91=200m

If t be the time taken in crossing, then t can be
calculated using the relation

X=vt

20

Answer:

S =200 km. Let VR and vs be the speeds of Ram
and Sham respectively moving in opposite
directions.

~ vr = 60 kmh1, vs = 40 kmh-1.
- Relative velocity of Ram w.r.t. Sham is
VRrs = Vr - (- Vs)
=Vr+ Vs
=60+ 40 =100 kmh?
If t = time after which they will meet, then

t = time taken in covering 200 km distance with
VRS

,_200_ 200km _
VRS 100 kmh~

le.

=~ Time after which they meet = 2h.
Answer:
ve = speed of car = 60 kmh!
vs = speed of scooter = 40 kmh'!
ves = relative velocity of car w.r.t. scooter
=Vc- VS
=60 - 40
=20 kmh-!

Similarly, vsc = relative velocity of scooter w.r.t.
car

=Vs—Vc
=40-60
=-20 kmh-1

Thus, we conclude that the magnitude of the
relative velocity is the same in both cases but the
direction of relative velocity is reversed if the
scooter is ahead of the car.

Answer:

The positive T time graphs for two objects
initially occupying different positions but having

zero relative velocity are parallel to each other as
shown in Fig.

N
A
o

=

SIxo ot

g C D‘D‘Fﬁ

o

XTI}

0 >

Time ——

Answer:

e Let P represent the initial position at the
time when the ball is thrown vertically
upward.

e  Q represents the highest point reached by
the ball.

e  Rrepresents the original position of the ball
after 4 seconds.

Thus, the velocity-time graph for the motion of
the ball is as shown in Fig.

200P

-3 t(s)

- 20+ R

(a) We know that at the highest point, the
velocity of the object is zero. So, stone will
reach its maximum height corresponding to
point Q.

(b) The stone has stopped moving at point Q
because at Q, v = 0.

Answer:

The direction of velocity is always in the direction
of motion of the body whereas the direction of
acceleration may or may not be in the direction of
motion of the body. Thus we conclude that it is
the velocity that decides the direction of motion
of the body.

Example: When a ball is thrown vertically
upwards, the direction of motion of the ball and
velocity is the same i.e. vertically upwards. On the
other hand, the acceleration due to gravity on the

@ www.stepupacademy.ind.in

o @stepupacademyindia €) @stepupacademyindia

(@) @stepupacademy_



@ Step Up Academy

| 57

ball acts vertically downwards i.e. opposite to the
direction of motion of the ball.

8. Answer:

Since uA and uB are in mutually perpendicular
directions, they will cover uA and uB km in one
hour respectively. Thus if v km be the separation
between them in one hour,

_ |2 2
Then v—«[uA +Uug

vorv,,

)

o>

&

Thus, if v, be the relative speed of A w.r.t. B, then

Vg :Jui +u’ kmh (1)

If 8 be the direction of v, w.r.t. u,, Then

u u
tane:—A:—A (2)
VB Juﬁ + ulz3

Thus, equations (1) and (2) give the magnitude
and direction of relative velocity of A w.r.t. B.

Long Questions Answers:
1. Answer:

(a) Speed: It is defined as the time rate of
change of position i. e. distance of an object.
ie.

_ Distance travelled by the object

- Time taken

Speed

(b) Uniform Speed: An object is said to be
moving with uniform speed if it covers equal
distances in equal small intervals of time.

(c) Variable Speed: An object is said to be
moving with variable speed if it covers equal
distances in unequal small intervals of time.

(d) Average Speed: It is used to measure the

variable speed of an object.

It is defined as the ratio of the total distance
travelled by the object to the total time
taken.

(e) Instantaneous Speed: It is defined as the
speed of an object at a given instant of time.
It is denoted by vins.

~ If As be the distance covered by an object
in a small-time interval At s.t. At - 0,

Then
As ds
Vips= Lt —=—
A—0 AL dt
Thus in the case of the uniform motion of an

object, the instantaneous speed is equal to
its uniform speed.

(f) Velocity: It is defined as the time rate of
change of displacement of an object.

(g) Uniform Velocity: An object is said to be
moving with uniform velocity if it undergoes
equal displacements in equal intervals of
time however small these intervals may be.

(h) Variable Velocity: An object is said to be
moving with variable velocity if either its
magnitude (i.e. speed) or its direction or
both change with time.

(i) Uniform Motion: An object is said to be in
uniform motion if it undergoes equal
displacements in equal intervals of time
which may be very small.

() Average Velocity in Uniform Motion: The
velocity of an object in uniform motion may
be defined as the ratio of the. displacement
of the object to the total time interval for
which the motion takes place.

(k) Relative Velocity: The relative velocity of a
moving object with respect to another
object is defined as the rate of change of
relative position of one object w.r.i. another
object.

Or

It is the velocity with which one object
moves with respect to another object.

() The instantaneous velocity of an object:
It is defined as the velocity of an object at

- vav= Total any instant of time or any point on its path.
. Total time taken Or
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(m)

()

(o)

(p)

C))

(M

It is defined as the limiting value of the
average velocity of the object as At — 0.

ie. Vins = Lt Vav
At—0

_ g Ax_dx
CASOAE dt

Acceleration: It is defined as the time rate
of change of velocity of an object. It is a
vector quantity.

Retardation: It is defined as the negative
acceleration produced in the object.

Variable Acceleration: An object is said to
be moving with variable acceleration if its
velocity changes by unequal magnitudes in
equal intervals of time.

Average Acceleration: It is defined as the
ratio of change in velocity in a given time
interval to the total time taken.

Uniform Acceleration: An object is said to
be moving with uniform acceleration if it
undergoes equal changes in velocity in equal
intervals of time.

Instantaneous Acceleration: It is defined
as the acceleration of an object at a
particular instant of time or at a particular
point on its path.

Or

It may be defined as the limiting value of the
average acceleration in a small time interval
around that instant when the time-interval
tends to zero.

_ Av dv

Le. Aips = — =
A0 At dt
d d(dx) d*x
dt de\ dt dt

2. Answer:

1.

The importance of a position-time graph is
that its slope gives the velocity of the object
in uniform motion.

Let us consider the position-time graph of
an object moving with uniform velocity
represented by the line DB making angle 0
with the time axis. Let the coordinates of D
and B be (%, t) and (x, t') respectively. Let BA
and DC’ be perpendiculars drawn from B
and D respectively on the time axis and BE
and DC be perpendiculars on the y-axis from
B andD.
NowBE'=CE=x"-x
and CA=t -t=DF

x'-x BE’

Then velocity = =
v t'—t

=tan0

’

So, velocity v = slope of position-time graph.

X+ Ax

"f

The position-time graph for a stationary

0

object is a straight line parallel to the time
axis. Here the slope of the curve is zero,
which means the object is stationary as v =
0.

In the case of variable velocity the position
time curve is not a straight line. In this case,
the slope of the curve gives the average
velocity

(x+Ax)-x Ax

(t+At)—t At

Vaverage =

=slope or chord AB when At - 0,

then the
instantaneous velocity.

slope of curve gives the

YA
x' B
EF--—=-===-===-= .
! ' Instantaneous velocity = Lt —
. : X —-X At—0 At
===z -=--4F
§ ?'-_1': Thus, the position-time graph gives
'g ' v- ! information about velocity.
% - !
o i I
i 1 3. Answer:
il '
0 Gyt i >X v=u+at
—3>»Time A
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Derivation: By def. of acceleration, we know that

V,—V
a=Y2""1
or v,-v,=a(t, - )
or v,=v,+a(t,-t;) (1)

where v1 and vz are the velocities of an object at

times t1 and tz respectively.

If v1 = u (initial velocity of the object) at t1 = 0
vz = v (final velocity of the object) attz = t
Then (1) reducestov=u+at

Hence derived.

if) vz-uz=2as

Derivation: We know that acceleration is given

bya= :2_:1 ,where v1 and v2, t1 and t2 are as in
2= t1
(1).
V,—V
or ty—t;=——2 (1)
a

Also we know that
1 2
X =x= vty —t2)+§a(t2—t1) -(2)

.. From (1) and (2), we get

v,—vy) 1 (vy—vy)?
xp—xy =y 2V 1 fva=vy
a 2 a

_Vivy —Vf ~ v% +vf —2vyv,
a 2a

_2vivy— ZVf + vf + v% —2vv,

(i) s = ut + % atz.

Derivation:

Let x1, V1 = position and velocity of the object at
time t1.

X,, v, = position and velocity of the object at time
t2.

a = uniform acceleration of the object.

Also Let vav = average velocity in tz - t1 interval

~ By definition
XX
VGV =7
t,—t
or X, —Xxy =V, (t,—t;) (1)

Also we know that

_ VitV

1% (2
av > (2)
.. From (1) and (2), we get
v, +V
X, =X, =—4——2(t,—t;) (3)
Also we know that
v, =v, +a(t, —t;) we(4)

.. From (3) and (4), we get

1
V=X =E[V1 +v, +a(t, —tl)](t2 -t;)

1
=v, (¢, —t1)+5a(t2 -t,)% .5

Now if X, =xpatt; =0
x,=xatt, =t
v, =uatt, =0 ..(6)

v,=vatt,=t

2a
s o .. From (1) and (2), we get
Vo™Ws
= 1
2a X—X, =ut+=at
2 2 2
or vy, —vi =2a(x,—x,) .(3) i X%, = S, then
i Vl =uyat tl = 0 1 2
Now if .(4) s=ut+—at
V2 =vat tz =t 2
X=X =S Assertion Reason Answer:
Then from (3) and (4), we get 1. (a) Assertion is correct, reason is correct; reason
is a correct explanation for assertion.
vZ-u?=2as .(5) P
Explanation:
S= ut+1at2 In uniform circular motion, there is acceleration
of constant magnitude.
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2. (c) Assertion is correct, reason is incorrect v (b) 720m

Explanation: Explanation:

The displacement is the shortest distance Path length of the journey

between initial and final position. When final =0P +P0 =+360m + (+360) m = 720m

position of a body coincides with its initial i (c)80s

position, displacement is zero, but the distance Explanation:

travelled is not zero. Total time taken = e distance

Speed
Case Study Answer: . 250+750 80
- — S
1. i (a) P=(+360,0,0); R=(-120,0,0) 45><i
Explanation: 18
The position coordinates of point P = (+ 360, ii. (a) 50 km/h
0,0) and point R = (- 120, 0, 0 ) Explanation:
‘s A d= Total distance
ii  (d) All of the above Verage speed = . al time
Explanation: =190 _ 50 km /h
3
Displacement is a vector quantity, it can be i, (a)17.14 m/s
positive, negative and zero. .
Explanation:
360 d-120
i@ man m Total distance (d = vt)
Explanation: =20x20+15x10+10x5=600 m
Displacement, Ax =X, = X, Total time =20 + 10 + 5= 35 5
For journey of car in moving from O to P, Therefore, average speed
X, =+360 m =600/34=17.14m/s
x,=0 iv. (b) 2 ms?
=  Ax=x,-x,=360-0=+360m Explanation:
For journey, of car in moving from P to Q, Given, R =40 mand t=40s
. Displacement
X, = +240 m Average velocity = p—
Time taken
x;=+360m
2R 2x40 1
= Ax=x,-x,=240-360=-120m =—= =2ms
t 40
Here, -ve sign implies that the displacement v (b) Slope of the straight line P1 P
is in —ve direction, i.e. towards left. .
Explanation:

v (a) zero From the position-time graph, average
Explanation: velocity is geometrically represented by the
Dx=x,-x,=0-0=0 slope of curve, Le., slope of straight line P, P,

0:0 0:0
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Motion in a Plane

Scalars Vs. Vectors

Criteria Scalar Vector

Definition A scalar is a quantity with | Avector isa quantity with magnitude and direction.
magnitude only.

Direction No Yes

Specified by A number (magnitude) and a unit | A number (magnitude), direction and a unit

Represented by quantity’s symbol quantity’s symbol in bold or an arrow sign above

Example mass, temperature velocity, acceleration

Position and Displacement Vectors

Position Vector: Position vector of an object at time t is the position of the object relative to the origin. It is

represented by a straight line between the origin and the position at time t.

Speed is a

Scalar quantity
/ \

A scalar Is a quantity that is fully
described by a magnitude only. Itis
described by just a single number.
Some examples of scalar quantities
Include speed, volume, mass and time.

Weight is a
Vector quantity

VECTOR

Avector is a quantity that has both a
magnitude and a direction. Vector
quantities are Important In the study
of motion. Some examples of vector
quantities Include force, velocity,
acceleration and momentum.

Displacement Vector: Displacement vector of an object between two points is the straight line between the two

points irrespective of the path followed. The path length is always equal or greater than the displacement.

Y
pr

0

OF and OP” are position vectors
representedby rand rl
PP’ is the displacement vector.

Y

Q

PCLis the displacement vector for
any path followed (represented by
green, blue and red paths).
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Example: Path taken by a car.

Path is represented by black
line.

m Blue lines represents Position
vectors at point A, B and C.

= > Red lines represent
Displacement vectors

If P to Qs a straight road of 10 km between station

¥ ST and hotel but the route taken is as shown in the

™, figure of 23 km in 28 mins, then the average speed
| and average velocity of the car will be unequal.

| |

1 | !

A’ \ S Avig. Speed = Total Distance travelled/Total time
pi” A5 W/ Avg. Speed = 23/(28/60) = 49.29 km/h

A, Velocity = Displacement/Tatal Time
Avg, Velocity = 10/(28/60) = 21.43 km/h

Free and Localized Vectors

A free vector(or non-localized vector) is a vector of which only the magnitude and direction are specified, not the
position or line of action. Displacing it parallel to itself leaves it unchanged.

Alocalized vector is a vector where line of action and position are as important as magnitude and direction.
These vectors change with change in position and direction.

Velocity vector of a car moving in Force vector is a localized vector as
a straightline is a free vector it depends upon position as well
Equality of Vectors

Two vectors are said to be equal only when they have same direction and magnitude. For example, two cars
travelling with same speed in same direction. If they are travelling in opposite directions with same speed, then
the vectors are unequal.

e /T

Equal Vectors Unequal Vectors
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Multiplication of Vectors with real numbers

Multiplication Factor Original vector Magnitude of vector Direction of vector
after multiplication after multiplication
A(>0) A AA Same as that of A
-A (<0) A AA Opposite to that of A
A(=0) A 0 (null vector) None. The initial and final
positions coincide.

e >

Multiplication of vector with +2 and -2

Addition and Subtraction of Vectors - Triangle Method

The method of adding vectors graphically is by arranging them so that head of first is touching the tail of second
vector and making a triangle by joining the open sides. This method is called head-to-tail method or triangle
method of vector addition

RS A

Head-to-Tail or Triangle Method of vector addition

° Vector addition is:

o Commutative: A+ B=B+A

o Associative: (A+B)+C=A + (B+ ()

° Adding two vectors with equal magnitudes and opposite directions results in null vector.
o Null Vector: A+ (-A) =0

° Subtraction is adding a negative vector (opposite direction) to a positive vector.

o A-B=A+(-B)

Addition and Subtraction
of vectors using triangle
method
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Addition of Vectors - Parallelogram Method

The method of adding vectors by parallelogram method is by:
e  Touching the tail of the two vectors
e  Complete a parallelogram by drawing lines from the heads of the two vectors.

e  Vector resulting from the origin to the point of intersection of above lines gives the addition.

2

A p

Parallelogram Method of vector addition

Example

If rain is falling vertically at a speed of 35 mys and wind

v, = 12m/fs 3 :
.c_"'r_. is blowing at 12 m/s (east to west), then the resultant

i vector R would be the actual path of rain.
/
R/ 8|y =3mfs R=ve2+uy,2=v352+122=37m/s
/ tan® = v, /v, = 12/35 = 0.343
0 8=19"
k 4 & persan standing on ground must hold umbrella at an

angle of 197 with vertical towards gast to avoid rain,

Resolution of Vectors

A vector can be expressed in terms of other vectors in the same plane. If there are 3 vectors A, a and b, then A can
be expressed as sum of a and b after multiplying them with some real numbers.

\ A7 P
b | A o -
\ L)
\ \ 0 < |Il ub
ol o
C Q
3 vectorsin a plane Joining the three to make a triangle

A can be resolved into two component vectors Aa and pb. Hence, A = Aa + pub. Here A and p are real numbers.

Unit Vectors

A unit vector is a vector of unit magnitude and a particular direction.

° They specify only direction. They do not have any dimension and unit.

° In a rectangular coordinate system, the x, y and z axes are represented by unit vectors, 1,j and k
° These unit vectors are perpendicular to each other.

. i =171 =kl =1
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Unit vectors |

along the three axes.

L J

n the coordinate system

vectors.

In a 2-dimensional plane, a vector thus can be expressed as:

1. A=Axi+Ayjwhere, Ax=

2. A=JA§+AV2

A cosB and Ay = A sinf

Analytical Method of Vector Addition

A=Ax1+Ayjand
B =Bx1+By]j

R=A+B
R =Rx1+Ry jwhere
Rx = Ax + Bx and Ry = Ay + By

Vector A as combination of A, and A,
which are expressed in terms of unit

R=A-B
R = Rx1+Ryjwhere
Rx = Ax - Bxand Ry = Ay - By

A = Ax i +Ay j+Azk
B = Bx i +By j+Bzk

R=A+B
R = Rx 1 +Ry j+Rzk where

Rx = Ax + Bx and
Ry = Ay + By andRz = Az + Bz

R=A-B
R = Rx i +Ry j+Rzk where

Rx = Ax - Bxand Ry = Ay - By and
Rz =Az-Bz

R

Law of Cosines

R = A2 + B2 + 2ABcos0

Law of Sines
A B

sind sinB sina

« N If a motorboat is travelling at a speed of 25 km/h north
Foaeng R and water current is 10 km/h at an angle of 60°
& (east to south), then the resultant velocity and
\\a : direction of boat can be obtained using law of sines
- > and cosines.
LN & E
i v Magnitude of R using law of cosines,
<

SV

Direction of R using law of sines,
R/sin® = v /sing, sind = v, sinB/R

$=234°

R=Vv,2 + v 2 + 2v,v,.c05120° = 22 km/h
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Quantities related to motion of an object in a plane

L
jrection
¥ 0 _'_,_,_,_o--""'_;r = -__." ¥
............. 7.-::'_?_'.::'_- iy
t P
L PR 7 ar
s
A
r : r!
s L
(4] 0]
fit

Particle moving in a plane from Pto P’ intime ttot’ and
Velocity calculation of the particle in terms of unit vectors

(limiting value of average velocity as the time interval
approached zero)

Quantity Value Value in component form
Displacement Ar r-r 1Ax + jAy

(Change in position)

Average Velocity v Ar/At vx1+ vy ]

(ratio of displacement and corresponding time interval) vx= Ax/At, vy= Ay /At
Instantaneous velocity v dr/dt vxi + vy ]

vx=dx/dt, vy=dy/dt

Magnitude of v

Direction of v, 6

(direction of velocity at any point on the path is tangential to the
path at that point and is in the direction of motion)

tan-1(vy/vx)

acceleration as the time interval approaches zero)

Average Acceleration a Av/At axi+ayj
(change in velocity divided by the time interval) ax= Avx/At, ay= Avy/At
Instantaneous acceleration a (limiting value of the average | dv/dt axi+ayj

ax= dvx/dt, ay= dvy/dt
ax=d2x/dt2, ay= d2y/dt2

Motion in a plane with constant acceleration

Motion in a plane (two dimensions) can be treated as two separate simultaneous one-dimensional motions with

constant acceleration along two perpendicular directions. X and Y directions are hence independent of each other.

If vO being the velocity at time 0, the displacement can be written as:

x = X0 + vOxt+ % axt2 and y = y0 + vOyt+ % ayt2

Motion of an object in a plane with constant acceleration

Velocity Velocity in terms of components | Displacement
v =v0+ at vx = vOx + axt r =r0+ vOt+ ¥ at2
vy =v0y + ayt
@ www.stepupacademy.ind.in Q @stepupacademyindia ) @stepupacademyindia r@ @stepupacademy_



@Step Up Academy | 67

Relative velocity in two dimensions

The concept of relative velocity in a plane is similar to the concept of relative velocity in a straight line.

o

X ' n Velocity of Arelativete B, vag=v, - vg
y Velocity of B relative to A, v, =Va- v,

Vap = = Vpy

IVael = [vgal

Relative Velocity in a plane

Example

If rain is falling vertically at a speed of 35 m/s and a
person is riding bicycle at 12 m/s (east to west), then
the relative velocity of rain will be v,

V=V, =V = (35-12) m/s = 23 m/s
tan® = v, /v, = 12/35 = 0.343
0=19"

The person must hold umbrella at an angle of 19° with
vertical towards west to avoid rain.

Projectile Motion

An object that becomes airborne after it is thrown or projected is called projectile. Example, football, javelin throw,
etc.

Projectile Motion

e  Projectile motion comprises of two parts - horizontal motion of no acceleration and vertical motion of
constant acceleration due to gravity.

e  Projectile motion is in the form of a parabola, y = ax + bx2.

e  Projectile motion is usually calculated by neglecting air resistance to simplify calculations.

Motion of an object
projected with velocity v,
at an angle 6,

vsing,

v;cos6,
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Quantity Value

Components of velocity at time t vx =v0 cosB0

vy =v0 sinB0-gt

Position at time t x = (v0 cosB0)t

y = (v0 sinB0)t - % gt2

Equation of path of projectile motion y = (tan 00)x - gx2/2(v0 cos60)2
Time of maximum height tm =v0 sin60 /g
Time of flight 2tm =2 (v0 sinB0 /g)
Maximum height of projectile hm = (v0 sin60)2/2g
Horizontal range of projectile R =v02sin 260/g
Maximum horizontal range (60=45°) Rm=v02/g
Example
L
ceiling )
h=25m
h .. Motion of ball Y=40ms
.‘.\ 8 )

R

If a ball is projected at a speed of 40 m)/s and the maximum height it can achiewve
i 25 m, then the angle '8 and maximum distance 'R° should be:

h = (v 5inBp)*/2g = (40 5inB)* /(2 x 9.8) R = wy? sin 28,8

<in?@ = 0.30625 R = (40)2x sin (2x33.6)/9.8
sind =0.5534 R=1600x0.922 /9.8

8 =33.60° R=15053m

Uniform circular motion
When an object follows a circular path at a constant speed, the motion is called uniform circular motion.
e  Velocity at any point is along the tangent at that point in the direction of motion.

e  Average velocity between two points is always perpendicular to Average displacement. Also, average
acceleration is perpendicular to average displacement.

° For an infinitely small time interval, A ta 0, the average acceleration becomes instantaneous acceleration
which means that in uniform circular motion the acceleration of an object is always directed towards the
center. This is called centripetal acceleration.
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Velocity and Acceleration of an object in uniform circular motion

Quantity Values

Centripetal Acceleration ac=v2/R, R - radius of the circle
ac = w2R, w - angular speed

ac =4m2v2R, v - frequency

Angular Distance AB = w At

Speed v =Rw

Example

Astone tied to one end of a string is whirled at constant speed in a circle. I
it makes 14 revolutions in 25 sec, the magnitude and direction of
acceleration can be calculated as:

Frequency, v = revolutions/time taken
v =14/25 Hz

Angularfrequency, w = 2y
w=2x22f7 x14/25 = 88/25 rad,sec

Centripetal acceleration, a, = w’r
a, = (B8/25) % 0.8
a,=9.91 m/fs?

The direction of centripetal acceleration is always directed towards the canter at all
points.
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Chapter- 4 : Motion

Class : 11th Physics

in a plane /

Unit Vector

Negative Vector
Vectors having
same magnitude
but opposite
direction
eg. Ais a negative of B

It has magnitude as
one or unity

A

N

A

f,A=-B

>

Equal Vectors 3
Vectors having same :
:direction and magnitude:

i Co-initial vector
:Vectors having common
starting point.

: Zero or Null vector
: It has zero magnitude

~~ Motion in
3 a plane

and orbitary direction

- Substraction of

: two vectors
—_— = —
A-B=A+(-B)

Motion in a

Acceleration vector

B

=aji+ ay’j\; a=dv/dt&a = dv/dt

Position of displacement vector
ate - o 2
Position vector, r=xi+yj

Displacement vector, Ar = Ax’i\+Ay,f

Additional vector

Law of Triangle

R=P+0
Rf :o Q
o

Law of Parallelogram

|

B

Velocity vector

: Total time of flight,T, _ 2u sin0 *

Motion of Body under 2
dimensional frame.

u’sin®f &

Maximum height H  _

e
i iProjectile motion
*Motion of an object that
: isin flight after being
:thrown or projected.

Horizontal range, R = W Sin29§

:Equation of path of:

: projectile : : Components of :
: — : : velocity (in velocity) :
ST | us ucosu= using
: Position after time t ; : Componentot :
: = ) ] : acceleration :
: x—(ucow)t,l «—: atanyinstant :
: =(u sin0) t - . . = == .
: U (u sin0) t - 5gt* : P a=0a=g |

= ~ ~
Multiplication ofa : ° VERAT Y, :
vector byareal : : magnitude[Vv | = Vv 4V :
number R SR e R ool
—_ — \
AXA=AA \
............ (RTINS
- Relative velocity
Vs =Va-Vs
i VB VA
. - —
: = and
: v.r\n - —VBA
R
VAB | == I vn,ql

: Uniform circular motion

:When an object follows a circular path at a

: constant speed , the motion of the object is called
: uniform circular motion.

§Angular velocity ,w= 6/t Angular

: acceleration,d=Aw/At eg- merry go around.

Centripetal Acceleration
A body in a circular motion acted upon by
an acceleration directed towards center of

the circular,motion.
ac=v5r =rw?= mvz

L T T
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Important Questions

Multiple Choice Questions

1. A body of mass 500 gram is rotating in a vertical
circle of radius 1 m. What is the difference in its
kinetic energies at the top and the bottom of the
circle?

() 4.9]
(b) 19.8]
(c)2.8]
(d)o.8]
2. Aparticle has a displacement of 2 units along the
x -axis, 1 unit along the y - axis and 2 units along

the z - axis. Then the resultant displacement of
the particle is

(a) 3 units
(b) 5 units
(c) 4 units
(d) 1 units
3. A car is moving on a circular path and takes a

turn. If R! and R? are the reactions on the inner
and outer wheels respectively, then

(a) Rt =>R?
(b) Rt=R?
(c)R1<R?
(d)R1>R?
4. The angle between centripetal acceleration and
tangential acceleration is?

(a) 180°
(b) 0°
(c) 90°
(d) 45°
5. Large angle produces?
(a) high trajectory
(b) curve trajectory
(c) flat trajectory
(d) straight trajectory
6. He dimensional formula for normal acceleration
is
(a) LT
(b) L2T?
(c) L3T-2
(d) LT2

7.

10.

A book is pushed with an initial horizontal
velocity of 5.0 meters per second off the top of a
desk. What is the initial vertical velocity of the
book?

(a) 10. m/s

(b)Om/s

(c)50m/s

(d) 2.5m/s

One radian is defined to be the angle subtended
where the arc length S is exactly equal to the?

(a) radius of the circle.

(b) diameter of the circle.

(c) circumference of the circle.

(d) half of radius of the circle.

A body travels along the circumference of a circle
of radius 2 m with a linear velocity of 6 m/s. Then
its angular velocity is

(a)6rad /s

(b)3rad /s
(c)2rad/s
(d)4rad/s

One® (1°) is equal to?
(a) 0.1745 rad

(b) 0.01745 rad

(c) 0.001745 rad

(d) 7.1745 rad

Very Short:

1.

Under what condition |a + b| = |a| + |b| holds
good?
Under what condition |a - b| = |a] - |b| holds
good?
The sum and difference of the two vectors are

equal in magnitude

ie. |a + b|=]a - b|. What conclusion do you draw
from this?

What is the angle between AxBandE x A?

What is the minimum number of coplanar vectors
of different magnitudes which can give zero
resultant?

Whena-b=a+b condition holds good than what
can you say about b?
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7.  Whatis the magnitude of the component of the 91
- 9] + 19k vector along the x-axis?

8. Can displacement vector be added to force
vector?

9. Whatis the effect on the dimensions of a vector if
it is multiplied by a non-dimensional scalar?

10. (a) What s the angle between 1 + j and 1 vectors?
(b) What is the angle between { - j and the x-axis?
(c) What is the angle between i +jand i - j?ss

Short Questions:

1. Name two quantities that are the largest when
the maximum height attained by the projectile is
largest.

2. Astone dropped from the window of a stationary
railway carriage takes 2 seconds to reach the
ground. At what time the stone will reach the
ground when the carriage is moving with
(a) the constant velocity of 80kmh-!

(b) constant acceleration of 2ms-2?

3. Can a particle accelerate when its speed is
constant? Explain.

4. (a)Iscircular motion possible at a constant speed
or at constant velocity? Explain.

(b) Define frequency and time period.

5. When the component of a vector A along the
direction of vector B is zero, what can you
conclude about the two vectors?

6. Comment on the statement whether it is true or
false “Displacement vector is fundamentally a
position vector.” Why?

7. Does the nature of a vector changes when it is
multiplied by a scalar?

8. Can the walk of a man be an example of the
resolution of vectors? Explain.

Long Questions:

1. Discuss the problem of a swimmer who wants to
cross the river in the shortest time.

one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Assertion is correct, reason is correct;
reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct;
reason is not a correct explanation for
assertion

(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct.

Assertion: In projectile motion, the angle
between the instantaneous velocity and
acceleration at the highest point is 180°.

Reason: At the highest point, velocity of
projectile will be in horizontal direction only.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Assertion is correct, reason is correct;
reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct;
reason is not a correct explanation for

assertion
(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct.

Assertion: Two particles of different mass,
projected with same velocity at same angles. The
maximum height attained by both the particle
will be same.

Reason: The maximum height of projectile is
independent of particle mass.

Case Study Questions:

_ q el | ¢ 1. Vectors are the physical quantities which have
. tate and prove parallelogram law of vector . . .
o .p p g both magnitudes and directions and obey the
addition. Discuss some special cases. . -
triangle/parallelogram laws of addition and
3. Derive the relation between linear velocity and : . s T .
subtraction. It is specified by giving its magnitude
angular velocity. Also, deduce its direction. . . . .
by a number and its direction. e.g., Displacement,
Assertion Reason Questions: acceleration, velocity, momentum, force, etc. A
. . . . i 1d f 1
1. Directions: Each of these questions contain two Zector 18 reprelsen;cied bya ?0 d face type and also
. an arrow placed over a letter, i.e.
statements, Assertion and Reason. Each of these y p
questions also has four alternative choices, only F,a,bor F, a, b
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The length of the line gives the magnitude, and
the arrowhead gives the direction. The point P is
called head or terminal point and point O is called
tail or initial point of the vector OP.

N
T.;y'l ' . . He:_ad
(j } t t i,

S
i.  Amongst the following quantities, which is
not a vector quantity?
(a) Force
(b) Acceleration

(c) Temperature

(d) Velocity
ii. Setofvectors A and B, P and Q are as shown
below
X X

>
Op

Length of A and B is equal, similarly length
of P and Q is equal. Then, the vectors which
are equal, are

(a)Aand P
(b)Pand Q
(c)Aand B
(d)Band Q
iii. |AA|= 114l if
@1>0
(b)A<O
(cJA=0
(dA=0

iv.  Among the following properties regarding
null vector which is incorrect?

(QJA+0=A
(b)A0 =2
(cJ0A=0
(dJA-A=0
v. Thexandy components of a position vector
P have numerical values 5 and 6,

respectively. Direction and magnitude of
vector P are

(@) tan-l(g) and V61

(b) tan'l(g) and V61

(c) 60°and 8

(d) 30°and 9
Projectile motion is a form of motion in which an
object or particle is thrown with some initial
velocity near the earth’s surface, and it moves
along a curved path under the action of gravity
alone. The path followed by a projectile is called
its trajectory, which is shown below. When a
projectile is projected obliquely, then its
trajectory is as shown in the figure below

Y
H ucosf
— X
U sin 4=~ Pxy) lg
u : % i
1 I
o) |
Oucose A B X

Here velocity u is resolved into two components,
we get (a) u cos 8 along OX and (b) u sin 6 along
(0)'6

i.  The example of such type of motion is
(a) Motion of car on a banked road
(b) Motion of boat in sea
(c) A javelin thrown by an athlete
(d) Motion of ball thrown vertically upward

ii.  The acceleration of the object in horizontal
direction is

(a) Constant
(b) Decreasing
(c) Increasing
(d) Zero
iii. The vertical component of velocity at point
His
(a) Maximum
(b) Zero
(c) Double to that at O
(d) Equal to horizontal component

iv. A cricket ball is thrown at a speed of 28 m/s
in a direction 30° with the horizontal. The
time taken by the ball to return to the same
level will be
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(a)2.0s
(b)3.0s
(c)4.0s
(d)2.9s
v. Inabove case, the distance from the thrower

to the point where the ball returns to the

same level will be
(a)39m
(b) 69 m
(c) 68 m
(d)72m

Answer Key

Multiple Choice Answers-
Answer: (d) 9.8]

Answer: (a) 3 units
Answer: (c) Rl <R?
Answer: (c) 90°

Answer: (a) high trajectory
Answer: (d) LT

Answer: (b) 0 m/s
Answer: (a) radius of the circle.
Answer: (b) 3rad /s
Answer: (b) 0.01745 rad

© © N o 1k W

=
e

Very Short Answers:

1. Answer: When a and b act in the same direction
i.e.when 0 = 0 between e them, then |a + b|=|a| +
|b].

2. Answer: The condition |a - b|=|a|] - |b| holds
goods when a and b act in the opposite direction.

3. Answer: The two vectors are equal in magnitude
and are perpendicular to each other.

4. Answer: The given vectors act along two parallel
lines in opposite directions i.e. they are anti-
parallel, so the angle between them is 180°.

5. Answer: 3, If three vectors can be represented
completely by the three sides of a triangle taken
in the same order, then their resultant is zero.

6. Answer: Fora-b =a + b condition to hold good,
b must be a null vector.

7. Answer: 9.
8. Answer: No.

9. Answer: There is no effect on the dimensions of
a vector if it is multiplied by a non-dimensional

scalar.

10. Answer:

(a) 45°
(b) 45°
(c) 90°

Short Questions Answers:

1.

Answer: Time of flight and the vertical
component of velocity are the two quantities that
are the largest when the maximum height
attained by the projectile is the largest.

Answer: The time taken by the freely falling
stone to reach the ground is given by

t= ==
g

In both cases, the stone will fall through the same

height as it is falling when the railway carriage is

stationary. Hence the stone will reach the ground

after 2 seconds.

Answer: Yes. A particle can be accelerated if its
velocity changes. A particle having uniform
circular motion has constant speed but its
direction of motion changes continuously. Due to
this, there is a change in velocity and hence the
particle is moving with variable velocity. Thus,
particle is accelerating.

Answer:

(a) Circular motion is possible at a constant
speed because, in a circular motion, the
magnitude of the velocity i.e. speed remains
constant while the direction of motion
changes continuously.

(b) Frequency is defined as the number of
rotations completed by a body in one second
and the time period is defined as the time
taken by an object to complete one rotation.

Answer:

The two vectors A and B are perpendicular to
each other.
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Explanation: Let 8 = angle between the two
vectors A and B component of vector A along the
direction of B is obtained by resolving A i.e. A cos
6.

Now according to the statement
Acos0=0

or

cos 8 =0=cos 90°

6 =90°

ie ALB

PaLs .

—
A cos 0 B

Hence proved.

Answer: The given statement is true. The
displacement vector gives the position of a point
just like the position vector. The only difference
between the displacement and the position
vector is that the displacement vector gives the
position of a point with reference to a point other
than the origin, while the position vector gives
the position of a point with reference to the
origin. Since the choice of origin is quite arbitrary,
so the given statement.

Answer: The nature of a vector may or may not
be changed when it is multiplied.

For example, when a vector is multiplied by a
pure number like 1, 2, 3, .... etc., then the nature
of the vector does not change. On the other hand,
when a vector is multiplied by a scalar physical
quantity, then the nature of the vector changes.

For example, when acceleration (vector) is
multiplied by a mass (scalar) of a body, then it
gives force (a vector quantity) whose nature is
different than acceleration.

Answer: Yes, when a man walks, he pushes the
ground with his foot. In return, an equal and
opposite reaction acts on his foot. The reaction is
resolved into two components: horizontal and
vertical components. The horizontal component
of the reaction helps the man to move forward
while the vertical component balances the weight
of the man.

Vertical
Component

teaction

Hornzontal
Component
of reaction

Long Questions Answers:
1. Answer:

Let vs and vr be the velocities of swimmer and
river respectively.

Let v = resultant velocity of vs and vr

1. Letthe swimmer begins to swim at an angle
0 with the line OA where OA is L to the flow
of the river.

If t = time taken to cross the river, then
1 .
t=—— (i)
v, cos 0
where | = breadth of the river

For t to be minimum, cos 0 should be
maximum.

i.e,cos9=1

-—t .

Gy

8]
This is possible if 6 = 0
Thus, we conclude that the swimmer should

swim in a direction perpendicular to the
direction of the flow of the river.

2. v=\Ui+0?

where V0 is the resultant velocity of v; and

Ve
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v, X DC .
3. tanf=—‘L== and ——=sin0
V, AC
or or DC=ACsin 6 o (iV)
) V., .. from equation (i), (ii), (iii), we get
x=1-+
Vs 0C? = 0A2 + AC? + 1.0A.AC cos 6
4 =L or 0C =\J0A” + AC* + 2.0A.AC cos ..(v)
v
§ As 0C=R,0A=P,AC=0B=Q ..(vi)
2. Answer: ) L
.. from equation (i), (ii), (iii), we get
It states that if two vectors can be represented
completely (i.e. both in magnitude and direction) R= \/P2 +Q*+2PQcos 6 (Vi)

by the two adjacent sides of a parallelogram
drawn from a point then their resultant is
represented completely by its diagonal drawn
from the same point.

Proof: Let P and Q be the two vectors
represented completely by the adjacent sides OA
and OB of the parallelogram OACB s.t.

OA=P, OB=Q

or

0B|=[¢|

o4~ |P

)

0 = angle between them = ZAOB

If R be their resultant, then it will be represented
completely by the diagonal OC through point O
s.t.OC=R

The magnitude of R: Draw CD L to OA produced,
/DAC=/A0B=0
Now it right angled triangle ODC,
0C%?=0D?+D(?
(OA + AD)? + DC?
0A? + AD? + 2.0A.AD + DC?
0A? + (AD? + DC?) + 20AAD  ...(I)
Alsoinr.t. ZDAADC,

AC? = AD? + DC? ...(ii)
AD

Also —=cos0
AC

or AD =ACcos 6 -...(1i1)

eqn. (vii) gives the magnitude of R.

The direction of R: Let 3 be the angle made by R
with P

~inrt. d AODC,
_DC_ DC

tanf=—=
0D O0A+AD

_ ACsin®
OA+ AC cos 9

[by using (iii) and (iv)]

Qsin®

tanf=———
P+Qcos0

...(viii)

Special cases: (a) When two vectors are acting in
the same direction:

Then 8 = 0°
R=\(P+Q) =P+Q
Q.0
d tanB=——=0 orp=0°
an an P10 or

Thus, the magnitude of the resultant vector is
equal to the sum of the magnitudes of the two
vectors acting in the same direction, and their
resultant acts in the direction of P and Q.

(b) When two vectors act in the opposite
directions:

Then 6 = 180°

cosO=-1landsin0=0

R=\[P? +Q* +2PQ(-1)

—JP?+Q*-2PQ

=\(P—QY ory(Q-PY
~(P-Q)or(Q-P)
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PO
and tanf= _0x0 _ 0 Also we know that A8 = & (2)
P+Q(-1) R
=tan 0° or tan 180° ~from (1) and (2), we get
_Pe.Pe_
B =0° or 180° (DAt——OI‘A—t—(DR (3)

Thus, the magnitude of the resultant of two
vectors acting in the opposite direction is
equal to the difference of the magnitude of
two vectors and it acts in the direction of the
bigger vector.

(c) If6=90°ie ifP LQ,
then cos 90° =0

and
sin90° =1
R=\P? +@?
and
0
tan=—
B P
Answer:

Let R be the radius of the circular path of centre
O on which an object is moving with uniform
angular velocity co. Let v = its linear velocity. Let
the object move from point P at time t to point Q
attime t + At. If r and r + Ar be its position vectors
at point P and Q respectively, then

Now when At — 0, then from eqn. (1) A8 = 0
so arc PQ = PQ = chord PQ
Thus eqn. (3) reduces to

&:(,)R
At
or v=Ro

where v = 2—(3 is the linear velocity of the object.

Direction of velocity vector: In isosceles AOPQ,

Z/PQO+ /0PQ+ Z/QOP=180°

As ZQ=/P
2/P+MN0=n
or  Lopo="-29
2 2
T oAt
I oAt (4
2" (4)

when At - 0, 2QP0O — g
i.e. OP tends to become L to OP
or

OP tends to lie along the tangent at P. Hence
velocity vector at P is directed along the tangent
to the circle in the direction of motion

Assertion Reason Answer:
1. (d) Assertion is incorrect, reason is correct.

2. (@) Assertion is correct, reason is correct; reason
is a correct explanation for assertion.

Case Study Answer:

1. i (c) Temperature

OP=r .
Explanation:
and 0Q=r+Ar Temperature is not a vector quantity
Also [r|=|r+Ar|=R because it has magnitude only. However,

force, acceleration and velocity have both a
magnitude and a direction. So, these are

=radius of circle.

Linear displacement of the particle from P to vectors in nature.

Q in small time interval At = Ar. ii. (c)AandB

Let AB = its angular displacement Explanation:
=2 Two vectors are said to be equal, if and only
At ) .
if they have the same magnitude and
or direction. Among the given vectors A and B
A8 = wAt (1) are equal vectors as they have same

magnitude (length) and direction. However,
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P and Q are not equal even though they are
of same magnitude because their directions
are different.

iii. (@A1>0
Explanation:
[AA|= A]Alif 42> 0 as multiplication of
vector A with a positive number A gives a

vector whose magnitude is changed by the
factor A but the direction is same as that of

A.
iv. (b)A0= 2
Explanation:

Null vector 0 is a vector, whose magnitude is
zero and its direction cannot be specified.
So, it means, |0|]= 0. Thus, A0 = 0. Hence,
property given in option (b) is incorrect.

v. (a) tan'l(g) and V61
Explanation:

Let P be as shown in the figure, then
according to the given information

P, =5, P,=6

6
O=tan!| =
frd an (Sj

i. (c) ajavelin thrown by an athlete
Explanation:

A javelin thrown by an athlete is an example
of projectile motion.

ii. (d)zero
Explanation:

The horizontal component of velocity (u cos
0) is constant throughout the motion, so there
will be no acceleration in horizontal direction.

iii. (b) zero
Explanation:

As the vertical components of velocity (u sin
0) decreases continuously with height, from O
to H, due to downward force of gravity and
becomes zero at H

iv. (d)29s
Explanation:

The time taken by the ball to return to the

same level,
T 20, sin 6 _ 2x28xsin30° ~205
g 9.8
v. (b)69m
Explanation:

The distance from the thrower to the point
where the ball returns to the same level is

R:ug sin20 _ 28x28xsin60° _

=/25+36 P 98 69m
= |P| =4/61
and tanf= P—y = 6 IXEXE
P, 5
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Laws of Motion

Point Mass

(1)

(2)
(3)

An object can be considered as a point object if during motion in a given time, it covers distance much greater
than its own size.

Object with zero dimension considered as a point mass.

Point mass is a mathematical concept to simplify the problems.

Inertia

(1)

(2)
(3)
(4)

Inherent property of all the bodies by virtue of which they cannot change their state of rest or uniform motion
along a straight line by their own is called inertia.

Inertia is not a physical quantity, it is only a property of the body which depends on mass of the body.
Inertia has no units and no dimensions

Two bodies of equal mass, one in motion and another is at rest, possess same inertia because it is a factor of
mass only and does not depend upon the velocity.

Linear Momentum

(1)
(2)
(3)

(4)
(5)
(6)
(7)

(8)

Linear momentum of a body is the quantity of motion contained in the body.
It is measured in terms of the force required to stop the body in unit time.
It is measured as the product of the mass of the body and its velocity i.e., Momentum = mass x velocity. If a

body of mass m is moving with velocity v then its linear momentum p is given by p=mv

It is a vector quantity and it’s direction is the same as the direction of velocity of the body.
Units : kg-m/sec [S.1.], g-cm/sec [C.G.S.]
Dimension : [MLT-1] v

If two objects of different masses have same momentum, the lighter body p = constant
possesses greater velocity.

p = m1vi = mzvz = constant

v, m 1
L=—1 je ve— [As p is constant] "
v, m, m
For a given body p « v (9 For different bodies at same velocities p « m
P p
m = constant v = constant
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Newton’s First Law

A body continue to be in its state of rest or of uniform motion along a straight line, unless it is acted upon by some
external force to change the state.

(1) Ifno net force acts on a body, then the velocity of the body cannot change i.e. the body cannot accelerate.

(2) Newton'’s first law defines inertia and is rightly called the law of inertia. Inertia are of three types :

Inertia of rest, Inertia of motion, Inertia of direction

(3) Inertia of rest : It is the inability of a body to change by itself, its state of rest. This means a body at rest
remains at rest and cannot start moving by its own.

Example :
(i) Aperson who is standing freely in bus, thrown backward, when bus starts suddenly.

When a bus suddenly starts, the force responsible for bringing bus in motion is also transmitted to lower
part of body, so this part of the body comes in motion along with the bus. While the upper half of body
(say above the waist) receives no force to overcome inertia of rest and so it stays in its original position.
Thus there is a relative displacement between the two parts of the body and it appears as if the upper
part of the body has been thrown backward.

Note: If the motion of the bus is slow, the inertia of motion will be transmitted to the body of the person
uniformly and so the entire body of the person will come in motion with the bus and the person will not
experience any jerk.

(ii) When a horse starts suddenly, the rider tends to fall backward on account of inertia of rest of upper part
of the body as explained above.

(iii) A bullet fired on a window pane makes a clean hole
through it while a stone breaks the whole window
because the bullet has a speed much greater than the
stone. So its time of contact with glass is small. So in
case of bullet the motion is transmitted only to a small

portion of the glass in that small time. Hence a clear
hole is created in the glass window, while in case of ball, Cracks by the ball Hole by the bullet
the time and the area of contact is large. During this

time the motion is transmitted to the entire window, thus creating the cracks in the entire window.
(iv) Inthe arrangement shown in the figure :

(a) If the string B is pulled with a sudden jerk then it will experience tension while due to inertia of rest of
mass M this force will not be transmitted to the string A and so the string B will break.

(b) Ifthe string B is pulled steadily the force applied to it will be transmitted from string B
to A through the mass M and as tension in A will be greater than in B by Mg (weight of

mass M) the string A will break.

(v) If we place a coin on smooth piece of card board covering a glass and strike the card ‘
board piece suddenly with a finger. The cardboard slips away and the coin falls into the i

glass due to inertia of rest.

(vi) The dust particles in a durree falls off when it is beaten with a stick. This is because the beating sets the
durree in motion whereas the dust particles tend to remain at rest and hence separate.

(4) Inertia of motion: Itis the inability of a body to change itselfits state of uniform motioni.e., a body in uniform
motion can neither accelerate nor retard by its own.

Example :

(i) When a bus or train stops suddenly, a passenger sitting inside tends to fall forward. This is because the
lower part of his body comes to rest with the bus or train but the upper part tends to continue its motion
due to inertia of motion.
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(ii) A person jumping out of a moving train may fall forward.

(iii) Anathlete runs a certain distance before taking a long jump. This is because velocity acquired by running
is added to velocity of the athlete at the time of jump. Hence he can jump over a longer distance.

(5) Inertia of direction : It is the inability of a body to change by itself direction of motion.
Example :

(i) When a stone tied to one end of a string is whirled and the string breaks suddenly, the stone flies off
along the tangent to the circle. This is because the pull in the string was forcing the stone to move in a
circle. As soon as the string breaks, the pull vanishes. The stone in a bid to move along the straight line
flies off tangentially.

(ii) The rotating wheel of any vehicle throw out mud, if any, tangentially, due to directional inertia.

(iii) When a car goes round a curve suddenly, the person sitting inside is thrown outwards.

Newton’s Second Law

(1) The rate of change of linear momentum of a body is directly proportional to the external force applied on the
body and this change takes place always in the direction of the applied force.

(2) Ifabody of mass m, moves with velocity v then its linear momentum can be given by f)z mv and if force F

is applied on a body, then

Foe PP p_dp
dt dt
= dp . .
or F =a (K=1inC.G.S. and S.I. units)

(As a= (cll_‘t, = acceleration produced in the body)

S.F=ma
Force = mass x acceleration

Force
(1) Force is an external effect in the form of a push or pull which
(i) Produces or tries to produce motion in a body at rest.
(i) Stops or tries to stop a moving body.
(iii) Changes or tries to change the direction of motion of the body.

Table : Various condition of force application

\F
Body remains at rest. Here force is trying to change the state
of rest.
u=~0 v=20
\F‘
Body starts moving. Here force changes the state of rest.
u=>0 v=>0
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_F,.. — In a small interval of time, force increases the magnitude of
u=z0 v=>u speed and direction of motion remains same.
F . 1 linterval of time, force d th itude of
n a small interval of time, force decreases the magnitude o
ey U} < U speed and direction of motion remains same.

In uniform circular motion only direction of velocity
changes, speed remains constant. Force is always
perpendicular to velocity.

In non-uniform circular motion, elliptical, parabolic or

hyperbolic motion force acts at an angle to the
vl' direction of motion. In all these motions. Both
F =mg magnitude and direction of velocity changes.

(2) Dimension : Force = mass x acceleration
[F] = [M][LT-?] = [MLT-?]
(3) Units : Absolute units : (i) Newton (S.1.) (ii) Dyne (C.G.S)
Gravitational units : (i) Kilogram-force (M.K.S.) (ii) Gram-force (C.G.S)

Newton : One Newton is that force which produces an acceleration of 1m/s? in a body of mass 1 Kilogram.
~ 1 Newton = 1kg-m/s?
Dyne : One dyne is that force which produces an acceleration of 1cm/s2 in a body of mass 1 gram.
~ 1 Dyne = 1gm cm/sec?
Relation between absolute units of force 1 Newton = 105 Dyne
Kilogram-force : It is that force which produces an acceleration of 9.8m/s? in a body of mass 1 kg.
~ 1kg-f=9.80 Newton
Gram-force : It is that force which produces an acceleration of 980cm/s? in a body of mass 1gm.
=~ 1 gm-f =980 Dyne
(4) F=ma formula is valid only if force is changing the state of rest or motion and the mass of the body is

constant and finite.
(5) Ifmis not constant F= i(m\ﬂ/) =m—+vV—
dt t
(6) Ifforce and acceleration have three component along x, y and z axis, then
F=FEi+Fj+Ek and a=a i+a, j+a,k
From above it is clear that F, =ma_,F =ma ,F, =ma,
(7) No force is required to move a body uniformly along a straight line with constant speed.
F=ma ~F=0 (As a=0)

(8) When force is written without direction then positive force means repulsive while negative force means
attractive.
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Example : Positive force - Force between two similar charges

Negative force - Force between two opposite charges

(9) Out of so many natural forces, for distance 10-15> metre, nuclear force is strongest while gravitational force
weakest. Fnuclear > Felectromagnetic > Fgravitational

(10) Ratio of electric force and gravitational force between two electron’s Fe/Fg = 1043 .. Fe >>Fg

(11) Constant force : If the direction and magnitude of a force is constant. It is said to be a constant force.

(12) Variable or dependent force :

(i) Time dependent force : In case of impulse or motion of a charged particle in an alternating electric field
force is time dependent.

Gm,m
(ii) Position dependent force : Gravitational force between two bodies 12 2
r
or Force between two charged particles = quz
4me,r

(iii) Velocity dependent force : Viscous force (6mmrv)
Force on charged particle in a magnetic field (qvBsin8)

(13) Central force : If a position dependent force is directed towards or away from a fixed point it is said to be
central otherwise non-central.

Example : Motion of Earth around the Sun. Motion of electron in an atom. Scattering of a-particles from a
nucleus.

Electron

7 aeparticl
Nucleus
Earth

(14) Conservative or non conservative force : If under the action of a force the work done in a round trip is zero
or the work is path independent, the force is said to be conservative otherwise non conservative.

Example : Conservative force : Gravitational force, electric force, elastic force.
(15) Common forces in mechanics :

(i) Weight: Weight of an object is the force with which earth attracts it. It is also called the force of gravity
or the gravitational force.

(ii) Reaction or Normal force : When a body is

placed on a rigid surface, the body experiences a !
force which is perpendicular to the surfaces in

contact. Then force is called ‘Normal force’ or

‘Reaction’. mg

(iii) Tension : The force exerted by the end of taut string, rope or chain against pulling (applied) force is
called the tension. The direction of tension is so as to pull the body.

T=F
(iv) Spring force: Every spring resists any attempt to change its length. This resistive _/Oﬁmm\_
force increases with change in length. Spring force is given by F = —-Kx; where x is i

the change in length and K is the spring constant (unit N/m). F=—Kx
Newton’s Third Law /D000
To every action, there is always an equal (in magnitude) and opposite (in direction) f—

reaction.
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(1) When a body exerts a force on any other body, the second body also exerts an equal and opposite force on the
first.
(2) Forces in nature always occurs in pairs. A single isolated force is not possible.
(3) Any agent, applying a force also experiences a force of equal magnitude but in opposite direction. The force
applied by the agent is called ‘Action’ and the counter force experienced by it is called ‘Reaction’.
(4) Action and reaction never act on the same body. If it were so, the total force on a body would have always
been zero i.e. the body will always remain in equilibrium.
(5) If Fas = force exerted on body A by body B (Action) and Fsa = force exerted on body B by body A (Reaction)
(6) Example: (i) Abooklying on a table exerts a force on the table which is equal to the g
weight of the book. This is the force of action. J
The table supports the book, by exerting an equal force on the book. This is the force | l
of reaction. IJ -

As the system is at rest, net force on it is zero. Therefore force of action and reaction

must be equal and opposite.

(ii) Swimming is possible due to third law of motion.

(iii) When a gun is fired, the bullet moves forward (action). The gun recoils backward (reaction)

(iv) Rebounding of rubber ball takes place due to third law of motion. «

(v) While walking a person presses the ground in the backward direction (action) by his g
feet. The ground pushes the person in forward direction with an equal force

(reaction). The component of reaction in horizontal direction makes the person  Rsing

move forward. R
2

(vi) Itis difficult to walk on sand or ice.
R cos@

(vii) Driving a nail into a wooden block without holding the block is difficult.

Frame of Reference

(1)
(2)

(3)

A frame in which an observer is situated and makes his observations is known as his ‘Frame of reference’.

The reference frame is associated with a co-ordinate system and a clock to measure the position and time of
events happening in space. We can describe all the physical quantities like position, velocity, acceleration etc.
of an object in this coordinate system.

Frame of reference are of two types : (i) Inertial frame of reference (ii) Non-inertial frame of reference.
() Inertial frame of reference :

(a) A frame of reference which is at rest or which is moving with a uniform velocity along a straight
line is called an inertial frame of reference.

(b) Ininertial frame of reference Newton'’s laws of motion holds good.

(c) Inertial frame of reference are also called unaccelerated frame of reference or Newtonian or
Galilean frame of reference.

(d) Ideally no inertial frame exist in universe. For practical purpose a frame of reference may be
considered as inertial if it's acceleration is negligible with respect to the acceleration of the object
to be observed.

(e) To measure the acceleration of a falling apple, earth can be considered as an inertial frame.

To observe the motion of planets, earth can not be considered as an inertial frame but for this
p
purpose the sun may be assumed to be an inertial frame.

Example : The lift at rest, lift moving (up or down) with constant velocity, car moving with constant
velocity on a straight road.

(ii) Non-inertial frame of reference

(a) Accelerated frame of references are called non-inertial frame of reference.
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(b) Newton's laws of motion are not applicable in non-inertial frame of reference.

Example : Car moving in uniform circular motion, lift which is moving upward or downward with
some acceleration, plane which is taking off.

Impulse

e Impulse is defined as a force multiplied by time it acts over.

e  For example: Tennis racket strikes a ball, an impulse is applied to the
ball. The racket puts a force on the ball for a short time period.

At
Ap

F = A—It) = Rate of Change of momentum

Law of Conservation of Linear Momentum
If no external force acts on a system (called isolated) of constant mass, the total momentum of the system remains
constant with time.

(1) According to this law for a system of particles ﬁ:% In the absence of external force F= 0 then

p = constant

i.e. f):fal +f)2 +f)3 +... = constant.

or m, Vi +m, V2 +m3\73 +.... = constant.

This equation shows that in absence of external force for a closed system the linear momentum of individual

particles may change but their sum remains unchanged with time.

(2) Law of conservation of linear momentum is independent of frame of reference, though linear momentum
depends on frame of reference.

(3) Conservation of linear momentum is equivalent to Newton’s third law of motion.
For a system of two particles in absence of external force, by law of conservation of linear momentum.
f)l +f)2 = constant.
Som, Vi +m, V2 = constant.
Differentiating above with respect to time
ml%+mz%=0:>mlﬁl +m,a; =0=F1+F2=0
" 1?"2 =—F1
i.e. for every action there is an equal and opposite reaction which is Newton’s third law of motion.
(4) Practical applications of the law of conservation of linear momentum.
(i) When a man jumps out of a boat on the shore, the boat is pushed slightly away from the shore.
(ii) A personlefton a frictionless surface can get away from it by blowing air out of his mouth or by throwing
some object in a direction opposite to the direction in which he wants to move.
(iii) Recoiling of a gun : For bullet and gun system, the force exerted by trigger will be internal so the
momentum of the system remains unaffected.

Ug
—
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Let mg = mass of gun, mg = mass of bullet,

ve = velocity of gun, vs = velocity of bullet

Initial momentum of system = 0

Final momentum of system = m, Ve +m, Vs

By the law of conservation of linear momentum m;ve +m,vs =0

- m, —
So recoil velocity ve =—2vg
mG
(a) Here negative sign indicates that the velocity of recoil Ve is opposite to the velocity of the bullet.
| . .
(b) v, o i.e. higher the mass of gun, lesser the velocity of recoil of gun.
G

(c) While firing the gun must be held tightly to the shoulder, this would save hurting the shoulder because in this

condition the body of the shooter and the gun behave as one body. Total mass become large and recoil velocity

becomes too small.

1
V, € ———
mG + mman

(iv) Rocket propulsion : The initial momentum of the rocket on its launching pad is zero. When it is fired from

the launching pad, the exhaust gases rush downward at a high speed and to conserve momentum, the rocket

moves upwards.

Let mo = initial mass of rocket,

m = mass of rocket at any instant ‘t’ (instantaneous mass)

mr = residual mass of empty container of the rocket

u = velocity of exhaust gases,

v = velocity of rocket at any instant ‘t’ (instantaneous velocity)

dm

T = rate of change of mass of rocket = rate of fuel consumption = rate of ejection of the fuel.

dm

(a) Thruston the rocket: F= _UE -mg

Here negative sign indicates that direction of thrust is opposite to the direction of escaping gases.

dm L
F= —ua (if effect of gravity is neglected)
u dm
(b) Acceleration of the rocket : a=——-¢g
m dt

@ www.stepupacademy.ind.in Q @stepupacademyindia ) @stepupacademyindia r@ @stepupacademy_



@Step Up Academy | 87

udm
m dt

and if effect of gravity is neglected a=

(c) Instantaneous velocity of the rocket : v=ulog, [EJ —gt
m
. _— m, m,
and if effect of gravity is neglected v=ulog,| — |=2.303ulog,,| —
m m

(d) Burntoutspeed of the rocket: v, =v__ =ulog, [ﬁj
m

r

The speed attained by the rocket when the complete fuel gets burnt is called burnt out speed of the rocket. It is the
maximum speed acquired by the rocket.

Apparent Weight of a Body in a Lift:

When a body of mass m is placed on a weighing machine which is placed in a lift, then actual
weight of the body is mg.

This acts on a weighing machine which offers a reaction R given by the reading of weighing
machine. This reaction exerted by the surface of contact on the body is the apparent weight of
the body.

Acceleration of Block on Horizontal Smooth Surface:

(1) When a pull is horizontal .
R=mg ml s F
and F=ma ! mg
a=F/m
(2) When a pull is acting at an angle (0) to the horizontal (upward)
R+ Fsin 6 =mg
Fsinf I R
= R=mg-FsinB F
and F cosf = ma = AFCOS'?
FcosO l mg
a=
m
(3) When a push is acting at an angle (0) to the horizontal (downward)
R
R =mg + F sin0 \i I a,
and F cos® = ma “ Feos6
o
Az Fcos0O Fsl;?;F
m

Acceleration of Block on Smooth Inclined Plane:
(1) When inclined plane is at rest
Normal reaction R = mg cos6

Force along a inclined plane

F = mg sin®
ma = mg sin®

a=gsinb
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(2) When a inclined plane given a horizontal acceleration ‘b’

Since the body lies in an accelerating frame, an inertial force (mb) acts on it in the
opposite direction.

Normal reaction R = mg cos6 + mb sin®

and ma = mg sin® - mb cosO
a=gsind - b cosO
Note : The condition for the body to be at rest relative to the inclined plane : a = g sinf - b cos8 =0

a=gtand

Motion of Blocks in Contact

. . . Force and
Condition Free body diagram Equation ]
acceleration
a
—_— F
B F f F-f=mia a=——
A mi m, +m,
F Mz a
—_— M — F
m
2
f s f=mza f=
—_— m, +m,
a
— F
B f f=mia a=
A n e ml +m2
F
T —_—
1 - ‘L
m,F
f F F-f=mza f=
mz rrl1 + mz
a
—_— F
F h F-fi=mia a=
m | < m, +m, +m,
B —= 2
— (m2 +m, )F
E o h m | P2 fi - f2=mea f =
—_—| | M ) : m, +m, +m,
- F
mZ
fe ) f2 =msa fz =
—_— M m, +m, +m,
a
—— F
fi f1 =mia a=
My | — m, +m, +m,
c a
A B — f m,F
m F f1 fz f2 - f1=mea 1=
my | mz Pe— me m,; +m, +1my
a
(m, +m,)F
fa E F-f2=msa f,=
L ms m, +m, +m,
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Motion of Blocks Connected by Mass Less String

. . . Tension and
Condition Free body diagram Equation .
acceleration
a
— F
B T T =mia a=
m; f— m, +m,
A
F
. T 1Tz a
m,F
T F F-T=mza T=
msz m, +m,
a
— F
F-T=ma a=
B F Lo, =L ! m, +m,
A
F T g a
my [ —
' m,F
T T = mza T=—2
iz m, +m,
a
—_— F
T T1=mia a=
m —s m, +m, +m,
C
B e m.F
A T T. Tz -T1=meza T = :
T . T:l 4y | F L o, R 2-Ti=m2 A ——
I e Z et —
a
m, +m, )F
T: F F-Tz=msa Tz_( : 2)
s m, +m, +m,
a
— F
F T F-Ti=mia a=
. my m, +m, +m,
C a
A B — (m, +m,)F
F T T: m T . T T1-T2=mza T,
my M | 3 2 ml +m2 +m3
a
F
m
LE T2 = m3a T, = 3
— m ' ? m,+m, +m,
Motion of Connected Block Over A Pulley
Tension and
Condition Free body diagram Equation )
acceleration
In ,
m, m
m T a mia=Ti - mig T =12
m, +m,
1 mg
T 4
m,m
me ,L a mza=ng—T1 TZZ#
m, +m,
myg
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Tz
m, —m,
T2=2T1 a=s|————18
m, +m,
n T
T
: 2m, [m2 + m3]
| a mia = T1 - mig T,=————==
m, +m, +m,
mg
T
2m;m
ba mza = mag + T2 - T1 TZng
mzg + Tz 1 2 3
(1L
l 4m, [m2 + m3]
3 a Msa = msg - T2 T="—7"-—-—+
m, +m, +m,
l mag
T
m, +m, )—-m
Ts=2T: a:[( 2 +m) - Jg
m, +m, +m,
Tl T|_
h a= m, —m,
When pulley have a finite mass M 1 ¢ mia=mig-Ti m +m +M
1 2
and radius R then tension in two mg 2
segments of string are different M
T T, m, [Zm2 +2}
mz T a Mza = T2 - mzg TI:—Mg
T, l msg m, +m, +§
M Torque=(T1-T2)R =
la
Tz _
[#4 a M
T:1-T2)R=1—
a | m: h (T1-T2) R . m2[2m2+2}
= g
B ' M
m la (Tl—TZ)R=IlMRZE m1+m2+5
A T: T, 2 R
T1-T2= &
2
ma
—_— mZ
T=mia a=
my p—aT m, +m,
m,m
mza=mzg-T T=—»=—2
m, +m,
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a T
g
mig sinf
2l

mia - T - mig sinb

a :{mz -m, sin@}g

m, +m,

T
| @ m,m, (1+sin6)
mza =mzg - T =
m, +m,
Mg
. T
_ (m,sinp—m, sina)
myg sine T- mig sina = mia = mom
A 1 2
T a
N _ m,m, (sino.+sinp)
mza = mzg sinf - T T=
Mg sinff m, +m,
T

migsin® - T = mia

m,gsin
a= 18

m, +m,
: 2
— m, m
T — —_— 12
mz T=mza 4m, +m,
a
- T 4 —a 2m,g
=mia =a=—
PO % I e G Y IR (] o " 1 T e,
dt’
m,8
42 2T a, =—22
_1 (fl) a ? 4m,+m,
2 dt mz — = mzg - 2T
a1 = acceleration of block A 2 T= 2m,m,g
az = acceleration of block B 4m, +m,
T,
m, —m
la mia=mzg-Ti a:M
[m, +m, +M]
mig
Tz
~ m,(2m, +M)
’[u mza = T2 - mag T=f7——%
[m1 +m, + M]
mzg
Ma _— (2m, +M)
T: T, -T2 =Ma 2 [m, +m, +M]
a
— _F
M =T F=(M +m)a M+m
a
m T: = force applied by T1=Ma T, =M F
M —. | thestringon the (M+m)
block
m/2 m (ZM + m)
M — b 2 ( 2] 2" 2(M+m)
@ www.stepupacademy.ind.in o @stepupacademyindia €) @stepupacademyindia r@ @stepupacademy_



Step Up Academy @

92 |
T2 = Tension at mid
point of the rope
€ L » Y — F
LITUVYRWRAN. — F 2 Foma *=t/m
— —>
m = Mass of string m [(L -x)/L] _ L—x " L—x .
T = Tension in string at a distance — T - L a L
x from the end where the force is _a,
applied
A (MLx g
F» L F | Te—T"000—F F, o2 Mxa B
— TTTTT — a L M
A<= x =B -
M = Mass of uniform stri - - - X X
= Mass of uniform string — : — Fi - Fy = Ma T—Fl(l__j"‘Fz(_)
L = Length of string — L L
A ™
A
. T /1;_1‘__,{ T:%(L—X)g+T T=F=DMg
Bl ]\ _l_
B
X lT
el 17
| ? T M M
x T=F+—xg T=F+—xg
M JL L L
Mass of segment BC =| — |X c
L VF
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{ Class : 11th Physics \
\ Chapter- 5 : Laws of motion
. >
.............................................................. NeWtOn'S " Iaw Of motion

§ Inertia of rest
: Eg.whenacarinrest :
comes in motion  :

Eg. wh

Inertia of Motion

comes in rest.

i The rate of change of momentum of
: abody is directly proportional to the :
applied force and takes place in the
direction in which the force acts.

en moving car

ﬂ’ch: F = ma
dt

Newton s law of
Motion

where ‘a’ = acceleration

3 : 4
E Everybodycontlnuesto: { ,».. .........
................................ : beinits state of restor : ~ \. - : Newton’s lll law of motion
Inertia B e e \ : To every action there is always an :

: Resistance to change b
its state of restor :

acted upon by a non- equal & opposite reaction.

; zero external force. \ FAB = FBA
......... il Also called law of e \ Action s reaction ack.on (o
ihartia, % // 1 different bodies
.................................... | PeeusssEsEssEssssIsEIsTETTETEsEIETETTSTERTRTTTTY
Motlon of a caron a ; _ {

level road T — . ' Newtons Law of \z

v iR 1\ : Force which makes a : i Motion |

mex =VHs 58 : | i body movealonga : 2 -

Neviver Seeivvesvievevevaeved circular path with a f"g", ,

uniform speed. . L
.................. . - vawsor
i Motoinofacaron : [ : B Eentripetal farce . motion
banked road i | i Centrifugal forceis : - de
i eWhenfrictionforceis | | : equal and opposite : T N
i takenintoconsideration : J : tg centripetal force. :
i alme BRI R
: 1-p, tan0 :
, . When::;f’nchon force is : Force [ Momentum (P) J
Vo = tan®

T— e / T

A push or pull which Product of mass and :
........................ changes or tends to : velocity of the body :
:' o . Y prtesssssssssssdresssesesessem,, chanse state of rest or . p= m_ E
: Limiting Friction : { Force which opposes : ofuniformmotionof | / | i, :
i Maximum value of : _the relative motion of a body
static friction . ’ [ Impulse :
......................... R
\ seassnssnsensnanes : _Impulse = force X time
prsssanes anediessnnnasanes Rolling : PRERRARRRAII ARS——. I = change in momentum
: Static Friction : : Friction : : Equlidrium of I mV-mi
: Opposes impending : : Opposeactual : : a particle I = mAv
¢ relative motion : rolling motion : : ‘L .......................................
Fs=l".R e <y <K, : g Aparticleissaidto [ tassasassessnsssasascnsaassssassrasasan

.
-------------------

..............................

: Kinetic Friction : i force on the
: Oppose actual relative : : particle is zero.
motion g .
F,=uR R+E+....+K =0

¢ bein equilibrium
¢ when net externl

Law of conservation
Momentum

The total momentum of an
isolated system of interacting
particles is conserved

m,u, + myu, = m,v, o7 mgvy
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Important Questions

Multiple Choice Questions-

1.

A spring balance is attached to the ceiling of a lift.
A man hangs his bag on the spring and the spring
reads 49 N, when the lift is stationary. If the lift
moves downwards with an acceleration of 5 m/s,
the reading of the spring balance will be

(a) 15N
(b) 24N
(c)49N
(d) 74N

Two forces 6 N and 8 N act at a point O. If the
angle between the lines of action of the force is
90°, then their resultant is

() 14N

(b)12N

(c)10N

(d)48N

Abody of mass 15 kg moving with a velocity of 10
m/s has its velocity reduced to 6 m/s in two
seconds. The force that produced this change in
velocity is

(@) 60 N

(b)30N

(c)45N

(d)20N

The frame of reference attached to a satellite of
the earth is

(a) aninertial frame

(b) an absolute frame at rest with respect to the
stars

(c) anon - inertial frame
(d) agravitational frame

A machine gun fires a bullet of mass 40 g with a
velocity of 1200 ms-1. The man holding it can
exerta maximum force on 144 N on the gum. How
many bullets can he fire per second at the most?
(a) one

(b) four

(c) two

(d) three

10.

A block of mass M is placed on a flat surface. A
force is applied to move it parallel to the surface.
The frictional force f developed is proportional to
the

(a) square of the mass of the body

(b) mass of the body

(c) reciprocal of the mass of the body
(d) reciprocal of the square of the body

A passenger in a moving bus is thrown forward
when the bus is suddenly stopped. This is
explained

(a) by Newtons first law
(b) by Newtons second law
(c) by Newtons third law

(d) by the principle of conservation of
momentum

A rocket with a lift-off mass of 3.5 x 10 kg is
blasted upwards with an acceleration of 10 m/s?.
The initial thrust of the blast is (take g = 10 m/s?)

(a) 1.75 x 105N
(b) 3.5 x 105N
(c) 7.0 x 105N
(d) 14.0 x 105N

A gun of mass 1000 kg fires a projectile of mass 1
kg with a horizontal velocity of 100 m/s. The
velocity of recoil of the gun in the horizontal

direction is

(a) 5m/s

() 0.1m/s

(c)15m/s

(d) 20 m/s

A body is sliding down a rough inclined plane
which makes an angle of 30 degree with the

horizontal. If the co-efficient of friction is 0.26,

the acceleration in m/s? is
(a) 1.95

(b) 2.78

(c) 3.47

(d) 4.6
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Very Short:

1.

(a)

(b)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

Why do we beat dusty blankets with a stick
to remove dust particles?

A stone when thrown on a glass window
smashes the window pane to pieces. But a
bullet fired from a gun passes through it
making a hole. Why?

(a) If you jerk a piece of paper from
under a book quick enough, the book will
not move, why?

Passengers sitting or standing in a moving
bus fall in forward direction when the bus
suddenly stops. Why?

Why are passengers thrown outward when
a bus in which they are travelling suddenly
takes a turn around a circular road?

Is any force required to move a body with
constant velocity?

Why a one-rupee coin placed on a revolving
table flies off tangentially?

Why mud flies off tangentially to the wheel
of a cycle?

When the electric current is switched off,
why the blades of a fan keep on moving for
some time?

Why the passengers fall backward when a
bus starts moving suddenly?

A body of mass m is moving on a horizontal
table with constant velocity. What is the
force on the table?

Name a factor on which the inertia of a body
depends.

Rocket works on which principle of
conservation?

Is the relation F»>=ma— applicable to the
motion of a rocket?

Will a person while firing a bullet from a gun
experience a backward jerk? Why?

A bomb explodes in mid-air into two equal
fragments. What is the relation between the
directions of their motion? Answer:

What happens to the acceleration of an
object if the net force on it is doubled?

An electron moving with a certain velocity
collides against a stationary proton and
sticks to it. Is the law of conservation of
linear momentum true in this case?

10. (a) According to Newton’s third law of motion,

every force is accompanied by an equal (in
magnitude) and opposite (in direction)
force called reaction, then how can a
movement take place?

(b) You can move a brick easily by pushing it
with your foot on a smooth floor, but, if you
kick it, then your foot is hurt. Why?

Short Questions:

1.

(a) A learner shooter fired a shot from his rifle
and his shoulder got injured jn the process.
What mistake did he commit?

(b) When the horse suddenly stops, the rider
falls in the forward direction. Why? Explain
it.

(@) Newton’s first law of motion is the law of
Inertia. Explain.

(b) What happens to a stone tied to the end of a
string and whirled in a circle if the string
suddenly breaks? Explain why?

(a) Anastronautaccidentally gets separated out
of his small spaceship accelerating in inter-
steller space at a constant rate of 100 ms-2.
What is the acceleration of the astronaut at
the instant after he is outside the spaceship?

(b) Howisitthata stone dropped from a certain
height falls much more rapidly as compared
to a parachute under similar conditions?

(@) When a man jumps out of a boat, then it is
pushed away. Why?

(b) Explain how lubricants reduce friction?

Two hoys on ice-skates hold a rope between
them. One boy is much heavier than the other.
The lightweight boy pulls on the rope. How will
they move?

Explain why ball bearings are used in machinery?

Why a horse has to apply more force to start a
cart than to keep it moving? Explain.

Sand is thrown on tracks or roads covered with
snow. Explain why?

Long Questions:

1.

(@) State and prove impulse-momentum
Theorem.

(b) Prove that Newton’s Second law is the real
law of motion.
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2. Derive the general expression for the velocity of Assertion: For the motion of electron around
arocketin flight and obtain the expression for the nucleus, Newton’s second law is used.
thrust acting on it. Reason: Newton's second law can be used for

3. (a) Define inertia. What are its different types? motion of any object.

Give examples. d
Case Stu uestions:
(b) Explain Newton'’s First law of motion. Why yQ
do we call it the law of inertia? 1. This principle is a consequence of Newton’s
(c) State Newton’s Second law of motion. How second and third laws of motion. In an isolated
does it help to measure force? Also, state the system (i.e, a system having no external force),
units of force. mutual forces (called internal forces) between

4. (a) State Newton’s Third law of motion. Discuss pairs of particles in the system causes

its consequences. momentum change in individual particles. Let a
(b) State the law of conservation of linear bomb be at rest, then 1.ts momentum will be zero.
momentum and illustrate it with examples. If the bomb explodes into two equals parts, then
] ) the parts fly off in exactly opposite directions

(c) Define the terms - momentum and impulse. . .
. o with same speed, so that the total momentum is

What are their units in the S.1. system? ] _ _

still zero. Here, no external force is applied on the

Assertion Reason Questions: system of particles (bomb).

1. Directions: Each of these questions contain two i A bullet of mass 10 g is fired from a gun of
statements, Assertion and Reason. Each of these mass 1kg with recoil velocity of gun 5 m/s.
questions also has four alternative choices, only The muzzle velocity will be
one of which is the correct answer. You have to (a) 30 km/min
select one of the codes (a), (b), (c) and (d) given
below (b) 60 km/min
(a) Assertion is correct, reason is correct; (c) 30 m/s

reason is a correct explanation for assertion. (d) 500 m/s
(b) Assertion is correct, reason is correct; ii. A shell of mass 10kg is moving with a
reason is not a correct explanation for velocity of 10ms -1 when it blasts and forms
assertion two parts of mass 9kg and 1kg respectively.
(c) Assertion is correct, reason is incorrect If the first mass is stationary, the velocity of
(d) Assertion is incorrect, reason is correct. the second is
Assertion: On a rainy day, it is difficult to drive a (a) Ims?
car or bus at high speed. (b) 10m st
Reason: The value of coefficient of friction is (c) 100m s
lowered due to wetting of the surface.
g (d) 1000m s

2. Directions: Each of these questions contain two o )

. iil. A bullet of mass 0.1kg is fired with a speed
statements, Assertion and Reason. Each of these ) )
questions also has four alternative choices, only of 100 ms The mass .Of gun being 50kg,
one of which is the correct answer. You have to then the velocity of recoil becomes
select one of the codes (a), (b), (c) and (d) given (@) 0.05mst
below. (b) 0.5 m st
(a) Assertion is correct, reason is correct; (c)0.1mst

reason is a correct explanation for assertion.
(d)0.2ms?
(b) Assertion is correct, reason is correct;
. . iv. A unidirectional force F varying with time T
reason is not a correct explanation for _ _ o
assertion as shown in the figure acts on a body initially
N L. at rest for a short duration 2T. Then, the
(c) Assertion is correct, reason is incorrect i ) ]
velocity acquired by the body is
(d) Assertion is incorrect, reason is correct.
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_Fu

TFOT
4 m

(a)
mFOT
2m

(b)
©=

(d) Zero

Two masses of M and 4M are moving with

equal kinetic energy. The ratio of their linear
momenta is

(a)1:8

(b)1:4

(1:2

(d)4:1
When bodies are in contact, there are mutual
contact forces satisfying the third law of motion.
The component of contact force normal to the
surfaces in contact is called normal reaction. The

component parallel to the surfaces in contact is
called friction.

6 kg

In the above figure, 8kg and 6kg are hanging
stationary from a rough pulley and are about to
move. They are stationary due to roughness of
the pulley.
i.  Which force is acting between pulley? and
rope?
(a) Gravitational force
(b) Tension force
(c) Frictional force
(d) Buoyant force
ii. The normal reaction acting on the system is
(a)8g
(b)6g
(c2g
(d)14g
iii. The tension is more on side having mass of
(a) 8kg
(b) 6kg
(c) Same on both
(d) Nothing can be said
iv.  The force of friction acting on the rope is
(@) 20N
(b)30N
(c)40N
(d)50N

v.  Coefficient of friction of the pulley is
(@)
(b) 5
OF

@+

Answer Key

Multiple Choice Answers-

1.

2
3
4.,
5

Answer: (b) 24 N
Answer: (c) 10N
Answer: (b) 30 N
Answer: (c) a non - inertial frame

Answer: (d) three

© © N

Answer: (b) mass of the body
Answer: (a) by Newtons first law
Answer: (c) 7.0 x 105N

Answer: (b) 0.1 m/s

Answer: (b) 2.78
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Very Short Answers:

1.

10.

Answer:

(a)
(b)

It is done due to inertia of rest.

This is due to the inertia of rest.

Answer:

(a)
(b)

It is due to the inertia of rest.

This is due to the inertia of motion.

Answer:

(a)
(b)

This is due to the inertia of direction.
No.

Answer:

(a)
(b)

This is due to the inertia of direction.

This is due to the inertia of direction.

Answer:

(a)
(b)

This is due to the inertia of motion.

This is due to the inertia of rest.

Answer:

(a)
(b)

mg i.e., equal to the weight of the body.

Mass.

Answer:

(a)
(b)

Law of conservation of linear momentum.
No.

Answer:

(a)

(b)

Yes, it is due to the law of conservation of
linear momentum.

The two fragments will fly off in two
opposite directions.

Answer:

(a)

(b)

As a = % i.e,, a < F, so acceleration will be
doubled when m the force is doubled.

Yes, it is true.

Answer:

(a)

(b)

As the action and reaction never act on the
same body, so the motion is possible.

As Ft remains constant, so if t is reduced,
then F will be increased and hence hurt our
foot.

Short Questions Answers:

1.

Answer:

(a)

We know that a gun recoils i.e. moves back
after firing. To avoid injury to the shoulder,
the gun must he held tightly against the
shoulder. The learner shooter might have
not held it tightly against his shoulder and
hence the gun must have injured his
shoulder after firing.

(b)

When the horse suddenly stops, the rider
falls in forwarding direction due to the
inertia of motion.

Explanation: The lower portion of the rider
comes to rest along with the horse while the
upper portion of the rider continues to move
forward. Hence, he falls forward.

2. Answer:

(a)

(b)

According to Newton’s first law of motion, a
body can’t change its state of rest or of
uniform motion along a straight line unless
an external force acts on it. It means that the
natural tendency of the material body is to
continue in the state of rest or that of
uniform motion which is termed as inertia.
Thus, Newton's first law is the law of inertia.

The stoneflies off tangentially to the circle
along a straight line at the point where the
string breaks. It is due to the inertia of
direction. When the string breaks, the force
acting on the stone ceases. In the absence of
force, the stoneflies away in the direction of
instantaneous velocity which is along the
tangent to the circular path.

3. Answer:

(a)

(b)

(a)

(b)

According to Newton’s first law of motion,
the moment he is out of the spaceship, there
is no external force on the astronaut, thus
his acceleration is zero. Here we are
assuming that he is out of the gravitational
field of heavenly bodies i.e. there are no
nearby stars to exert a gravitational force on
him and the small spaceship exerts a

negligible gravitational attraction on him.

As the surface area of a parachute is much
larger as compared to the surface area of a
stone, so the air resistance, i. e. fluid friction
in the case of the parachute is much larger
than
parachute falls slowly.

in the case of stone. Hence the

Answer:

This is due to Newton'’s third law of motion.
When the man jumps out of the boat, he
applies a force on it in the backward
direction, and in turn, the reaction of the
boat on the man pushes him out of the boat.

The lubricants spread as a thin layer
between the two surfaces. The motion now
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is between the surface and the lubricant
layer which changes the dry friction into wet
friction. As wet friction is less than dry
friction, hence lubricants reduce friction.

Answer: The light-weight boy is doing the action
on the heavy boy by pulling the rope. According
to Newton'’s third law, equal and opposite force
(reaction) also acts on the light boy. As the mass
of the boy pulling the rope is lesser, so the
acceleration produced in him will be more. Thus,
both the boys move tow; rds each other and the
lighter boy will move faster.

Answer: We know that rolling friction is much
lesser than sliding friction, so we convert the
sliding friction into rolling friction which is done
using ball bearings that are placed in between the
axle and the hub of the wheel. The ball bearings
tend to roll around the axle as the wheel turns
and as such the frictional force is reduced.

Answer: Static friction comes into play when the
horse applies force to start the motion in the cart.
On the other hand, kinetic friction comes into
play when the cart is moving.

Also, we know that the static friction is greater
than the kinetic friction, so the horse has to apply
more force to start a cart than to keep it moving.

Answer: When the roads (or tracks) are covered
with snow, then there is a considerable reduction
of frictional force between the tires of the
vehicles and the road (or between the track and
the wheels of the vehicle or train) which leads to
the skidding of the ehicles (or trains). Thus,
driving is not safe. When sand is thrown on the
snow-covered roads (or tracks), then the force of
friction increases, so safe driving is possible.

Long Questions Answers:

Answer:

1. It states that the impulse of force on a body
is equal to the change in momentum of the
body.

Le.]=F=P2-P1
Proof: From Newton’s Second law of
motion, we know that

dp
F="" orFdt=d (i
R p (1)

Let P1 and P2 be the linear momenta of the
body at time t = 0 and t respectively.

- integrating equation (i) within these
limits, we get

t )
[Fde= [ dp
0

P

t P,
or Fjdt=fp°dp
P,

0

o0 Fle] [P
Ft=p,—p,

or J=p,—p

Hence proved.

2.  Proof: If we can show that Newton’s first
and third laws are contained in the second
law, then we can say that it is the real law of
motion.

1. Firstlaw is contained in second law:
According to Newton'’s second law of
motion,

F=ma (1)
where m = mass of the body on which

an external force F is applied and a =
acceleration produced in it.

If F = 0, then from equation (1), we get
ma=0,butasm=0

~a=0

which means that there will be no
acceleration in the body if no external
force is applied. This shows that a body
atrest will remain at rest and a body in
uniform motion will continue to move
along the same straight line in the
absence of an external force. This is the
statement of Newton’s first law of
motion. Hence, the First law of motion
is contained in the Second law of
motion.

2. Third law is contained in second law:
Consider an isolated system of two
bodies A and B. Let them act and react

internally.

Let FAB = force applied on body A by
body B

and FBA = force applied on body B by
body A
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It % = rate of change of momentum of body

A
and

‘%B = rate of change of momentum of body B

Then according to Newton’s second law of

motion,
dp,
=—= (2
A=, (2)
dpy
=—= ..(3
BT gy (3)

(2) and (3) gives

d d
Fyp +Fpy :E(pA)+a(pB)

d
:E(pA +Dg)

As no external force acts on the system (- it
isisolated), therefore according to Newton's
second law of motion,

d
E(pl +p;)=0

or Fp+Fy, =0
or Fyp =—Fpy

or Action = - Reaction,

which means that action and reaction are
equal and opposite. It is the statement of
Newton'’s 3rd law of motion. Thus 3rd law is
contained in the second law of motion.

As both First and Third Law is contained in
Second law, so Second law is the real law of
motion.

Answer:

The working of a rocket is based upon the
principle of conservation of momentum.
Consider the flight of the rocket in outer space
where no external forces act on it.

Let m, = initial mass of rocket with fuel.
Vu = initial velocity of the rocket,

m = mass of the rocket at any instant t.

v = velocity of the rocket at that instant.

dm = mass of the gases ejected by the rocket, in a
small-time it.

u =H velocity of exhaust gases,

DV = increase in the velocity of the rocket in a
time dt.

~ Change in the momentum of exhaust gases =

dm.u

Change in momentum of rocket = - (m - dm) dv.

A negative sign shows that the rocket is moving

in a direction opposite to the motion of exhaust

gases.

Applying the law of conservation of linear
momentum,

dm.u=-(m-dm) dv (1)
As dm being very small as compared to m, so it
can be neglected, Thus, eqn. (1) reduces to

dm.u=-mdv

or dv=-uZ -(2)

m

Instantaneous velocity of the rocket:

At t =0, mass of rocket = m0, velocity of rocket =
Vo.

At t =t, mass of rocket = m, velocity of rocket = v.

-~ Integrating Eqn. (1) within these limits, we get

In actual practice, the velocity of exhaust gases
nearly remains constant.

Jdv =—Uy d_m
m
Yo my
or [ull, =-{log, m],
or v—v, =-u(log, m-log, m,)

=u(log, my—logm)

=ulog, (ﬂj
m

or v=y, +ulog, (ﬂj «(3)
m

equation (3) gives the instantaneous velocity of
the rocket. In general vo=0att=0,

~ Eqn. (3) reduces to

v:ulogeﬁ w(4)
m
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From Eqn. (4), we conclude that the velocity of
the rocket at any instant depends upon:

e  speed (u) of the exhaust gases.

e Log of the ratio of initial mass (m0) of the
rocket to its mass (m) at that instant of time.

Upthrust on the rocket (F): It is the upward force
exerted on the rocket by the expulsion of exhaust
gases. It is obtained as follows:

Dividing Eqn. (2) by dt, we get

dv__udm
dt m dt
dv dm
or m—=—-u—
dt dt
But @ =q,
dt
is the instantaneous acceleration
dm
ma=-u—
dt
d
or F=au" (5
dt

where F = ma is the instantaneous force (thrust).

From Eqn. (5), we conclude that the thrust (F) on
the rocket at any instant is the product of the
velocity of exhaust gases and the rate of
combustion of fuel at that instant. Here negative
sign shows that the thrust and velocity of exhaust
gases are in opposite direction.

Answer:

(@) The tendency of bodies to remain in their
state of rest or uniform motion along a
straight line in the absence of an external
force is called inertia.

Inertia is of the following three types:

1. The inertia of rest: When a body
continues to lie at the same position
with respect to its surrounding, it is
said to possess inertia of rest. This
situation may be changed only by the
application of external force. For
example, if a cot or sofa is lying in a
particular place in the house, it will
remain there even after days or years
unless someone removes (by applying
force) the same from its position. This
is an example of the inertia of rest.

2.  The inertia of motion: When a body is
moved on a frictionless surface or a
body is thrown in a vacuum, it will
continue to move along its original
path unless acted upon by an external
force. In actual situations, air or floor
etc. exert friction on the moving bodies
so we are unable to visualize a force-
free motion. This type of inertia when a
body continues to move is called the
inertia of direction.

3. In the above examples it is found that
the direction of motion of the body or
particle also does not change unless an
external force acts on it. This tendency
to preserve the direction of motion is
called the inertia of direction.

(b) According to the First law of motion,
“Everybody continues to be in the state of
rest or of uniform motion along a straight
line until it is acted upon by an external
force.”

It means that if a book lying on a table, it will
remain there for days or years together
unless force is applied on it from outside to
pick it.

Similarly, if a body is moving along a straight
line with some speed, it will continue to do
so until some external force is applied to it
to change its direction of motion.

Thus, First law tells us the following:

It tells us about the tendency of bodies to
remain in the state of rest or of motion and
the bodies by themselves can neither change
the state of rest nor of uniform motion. This
tendency is called inertia. To break the
inertia of rest or motion or direction, we
need an external force. Thus the definition of
the first law matches with the definition of
inertia and hence first law is called the law
of inertia.

The first law of motion also provides the
definition of another important physical
quantity called force. Thus force is that
agency which changes or tends to change
the state of rest or of uniform motion of a
body along a straight line.
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(c)

It states that the time rate of change of
momentum of a body is directly

proportional to the force applied to it.

i.e. mathematically, F o %(p)
d
o« —(ma
L)
dv
oCm—
dt
or F=kma (1)

d . .
where a = d—: = acceleration produced in the
body of mass m.

k = proportionality constant which depends
on the system of units chosen to measure F,
m, and a.

In the S.I. system, k =1,

~F=ma

The magnitude of the force is given by
F=ma - (2)

Note: We have assumed that the magnitude

of velocity is smaller and much less than the

speed of light. Only under this condition

Eqns. (1) and (2) hold good.

The definition of the Second law and its

mathematical form is given in Eqn. (2)
provide us a mean of measuring force.

One can easily find the change in velocity of
a body in a certain interval of time. Both
velocity and time can be easily measured.
Thus, by knowing the mass of the body one
can determine both change in momentum as
well as the acceleration of the body
produced by an external force. If the force is
increased, the rate of change of momentum
is also found to increase. So also, is the
acceleration. Now with known values of m
and we can find F.

Units of force: Force in S.I. units is measured
in newton or N. From Eqn. (1) or (2) we can
see that a newton of force is that fore? which

ldyne=1gramx1cm/s2=1gcms3
Since 1 N=1kgm s2=1000 g x 100 cm s-2
=10°gcms2=105dyne
1 N =10°dyne

or
1 dyne =105N
Gravitational Unit: If a falling mass of 1 kg
is accelerated towards the Earth with 9.8
ms~2, then the force generated is called 1 kg

wt (1-kilogram weight) force. It is the S.I.
gravitational unit of force.

We know that the earth accelerates the mass
with g = 9.8 ms2

1Kgwt=9.8N[1kgx9.8ms2=9.8N]
C.G.S. gravitational unit is gf or g wt.

1 gf=1g x 980 cms-2

=980 dyne

Answer:

(a) Newton’s Third law of motion states that “to

every action, there is always an equal and
opposite reaction.”

So, if a body 1 applies a force F12 on body 2
(action), then body 2 also applies a force F2]
on body 1 but in opposite direction, then

F21=-F12
In terms of magnitude
|F21| = |-F1z2|
It is very important to note that Fi2 and F21
though are equal in magnitude and opposite

in direction yet act on different points or
else no motion will be possible.

For example, hands pull up a chest expander
(spring), and spring in turn exerts a force on
the arms. A football when pressed reacts on
the foot with the same force and so on. The
most important consequence of the third
law of motion is the law of conservation of
linear momentum and its application in
collision problems.

Since F,=-F,
produces 1 ms2 acceleration in the body of
Av
mass 1 kg. and F=mZ2t
1 newton = 1 kilogram x 1 metre/(second)? At
Av Av.

or rn1 -1 _m2 '
1N=1kgx1ms?=1kgms? At At
In CGS system force is measured in dyne
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(b)

(c)

Here At is the time for which the bodies
come in contact during impact. This is the
same for the two bodies of masses m1 and
m? and having velocity changes Avi and Av:
respectively. Therefore,
mi Avi = - m2 Av?

or mi1 Avi + meAvz =0
Let ui1, uz and v1 and vz be initial and final
velocities of the two masses before and after
collision, then

mi(v1-u1) = - mz(vz - uz)
or miu1 + mauz = mivi + mavz
Momentum before impact = momentum
after impact
This is the
momentum.

law of conservation of

‘The linear momentum of an isolated system
always remains the same provided no
external force is applied on it.’ This is the law
of conservation of linear momentum.

The linear momentum of a body = mass x
velocity

p=mv
If a system has several bodies initially at rest
then initial momentum = 0.

The final momentum = p1 + p2 + p3 + ......

According to law of conservation of linear
momentum
pr+pz+p3+..=0
Linear momentum is a vector quantity and
is measured. in kg ms-tor Ns.
For example, a gun and a bullet make a
system in which both are initially at rest.
When the bullet of mass m is fired with
muzzle velocity v, the gun of mass M gets a
recoil velocity V. Since the initial linear
momentum of the system is zero.
MV +mv =0
or
MV = -mv
Thus, gun moves in the opposite direction to

that of the bullet.
The total quantity of motion possessed by

In linear motion, this term is called linear
momentum P.

[t is a vector quantity.

p=mv
The units of linear momentum are kg ms-! or
NS in S.I. units.

Impulse: The action or impact of force is
called the impulse of force. Mathematically,
impulse | is equal to the product of the force
F acting on the body and the time for which
the force acts on it. Thus

J=Fxt=Ft

] is a vector quantity and is measured in Ns
or kg ms-1

The action of force or impulse is increased if
the force acts for a smaller interval.

Assertion Reason Answer:

1.

(a) Assertion is correct, reason is correct; reason
is a correct explanation for assertion.

Explanation:

On a rainy day, the roads are wet. Wetting of
roads lowers the coefficient of friction between
the types and the road. Therefore, grip on a road
of car reduces and thus chances of skidding
increases.

(c) Assertion is correct, reason is incorrect+
Explanation:

Newton’s second law cannot be used for any
object.

Case Study Answer:

1.

i. (d)500m/s
Explanation:
Conservation of linear momentum gives
myv, + myv, =0
myv, = -myv,
LV,

= v, =
my

10
Given, m, =10g=| —— |k
iven 3 g (1()00} g

m,=1kgandv,=-5m/s

the body is called is momentum. .
' . =~ Velocity of muzzle,
Mathematically, it is equal to the product of
the mass of the body and the velocity of the v, = _ x5 =500m/s
'10/1000
body.
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il

1il.

(c)100m s1

Explanation:

Given that, v, =10 ms,

m,;=10kg,v, =0,

m,=9kg,v;=v,

m;=1kg

According to conservation of momentum,
MyVy = MV, + M3Vs
10x10=9x0+1xv

= v=100 ms-!

(d)0.2m st

Explanation:

From the law of conservation of momentum,
Initial momentum = Final momentum

il.

iil.

or 2 1
p, 4 2
= prip,=1:2

(c) Frictional force

Explanation:

Frictional force acts between pulley and rope.
(d)14g

Explanation:

The reaction force is
R=T1T2=(8+6)g=14g

(d) Nothing can be said

Explanation:

As, tension, T=mg—=T <m

So, the side having 8 kg mass will have more

tension.
= myuy + myl, = myv, + m,v,
iv. (a) 20N
01x0+50x0=0.1x100+50(-w,)
Explanation:
= 0=10-50v,
10 f (force of friction)
v,=—=02ms"
50
iv. (d) Zero
Explanation: B
From 0 to T, area is positive and from T to 2T, T4
area is negative, so net area is zero. Hence, 6 kg
there is no change in momentum. 8 kg
v. ()1:2 C . .
. Due to friction, tension at all points of the
Explanation: thread is not alike.
Two masses are moving with equal kinetic
s L-T,=f
energy.
= f=8g-6g=2g
1. - 1,
—Mv; ==4Mv; 5
2 2 =20N (rg=10ms™)
or iy iv. (b) 3
v,
Explanation:
The ratio of linear momentum is
As,pR=f=20N
p, _ My,
—_— = 20 20 1
4My. = =— == ‘*R=m
P2 2 R 1ax10 7 9)
1
or P Z[V_lj
P, V2 oo oo
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Work Energy and Power 6

Work done by a Constant Force:
Work is said to be done if a body displaces by the application of force. Work done depends on
(i) applied force

(ii) displacement in any direction except the perpendicular direction of force.
F

]
S

>(Fcosh)

Work done by the force is measured as the product of displacement and the component of force in the direction of
displacement

W =(Fcos0)S=FScos= FS

Work is a scalar quantity
Its S.I Unit is N-m or joule (J).

Joule:

Work is said to be one joule if a force of 1 newton displaces a body through a distance of 1m along the direction of
force

1J=INx1m

C.G.S unit of work is erg.

Erg:
Work is said to be one erg if a force of 1 dyne displaces a body through a distance of 1cm along the direction of
force.

Ierg=1dyne x 1cm

Relation between joule and erg:
1 joule = 107 erg

Other units of work

Electron Volt (ev) = 1.6x10-1?]

Calorie =4.2]

Kilowatt hour = 3.6x10¢ ]

Dimensional formula of work is ML2T-2

Work done by Multiple Forces:

When several forces act on a body, the net work done on the body is

W =F1.S+F2S+F3S+ e

net
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Whet = W1+ W2 + W3 + ..............

Net work done is the sum of the works done by all the forces acting on the particle.

Nature of Work:

Work done by force may be positive, negative or zero.

Positive Work:

Work done is said to positive if applied force or one of its component is in the direction of displacement when
0°<06<90°.

Therefore W = (FS cos 0) is positive.

Ex 1: When a horse pulls a cart the applied force and displacement are in the same direction so work done by horse
is positive.

Ex 2: Work done by the gravitational force on a freely falling body is positive.

Ex 3: When a spring is stretched, both the stretching force and displacement act in the same direction so work
done is positive.

Ex 4: When a block is lifted from the ground the work done by the lifting force is positive.

Negative Work:

Work done by a force is said to be negative if the applied force has a component in a direction opposite to that of
the displacement when 90 < 6 < 180° then cos8 is negative therefore

W = (FS cos0) is negative.

Ex 1: When a body is dragged on rough surface, work done by frictional force is negative.

Ex 2: Work done by the gravitational force on a vertically projected up body is negative.

Zero Work:
e Ifabody displaces perpendicular to the direction of force then work done is zero (6 = 90°).
e Ifthereis no displacement [S=0] then work done is zero.

e  Ifthe applied force is zero(F=0), then work done is zero.

Examples:
e  Aperson carrying a load and moving horizontally on a platform does no work against gravity.
e  When a body moves in a circle the work done by the centripetal force is zero.

e  The tension in the string of a simple pendulum is always perpendicular to its displacement, So work
done by tension is zero.

e  When a person tries to displace a wall by applying a force and if it does not move the work done by him
is zero.

e  Aperson carrying a load on his head and standing at a given place does no work.

Work done by Variable Force:
When the magnitude and direction of a force varies with position, the work done by such a force for an infinitesimal
displacement ds is given by dW = Fds

The total work done in going from A to B is

B B
W, = j?.@ = I(Fcose)ds
A

A

In terms of rectangular components

F=Fi+Ej+Ek
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ds = dxi+dyj+dzk

B B B
W= [Fdx+ [F,dy + [Fdz
A A A

Graphical Interpretation of Work done:
Area of F-S graph gives work
e  Work done by constant force.

The area enclosed by the graph on displacement axis gives the amount of work done by the force
F

Work = FS = Area of OPQR

e  Work done by variable force

NN
AR AN

A

For a small displacement dx the work done will be the area of the strip of width dx
X; X,

W= J. dw= .[ Fdx
X; X;

In this case work done is positive.
If area lies above X-axis work done is +ve if the area lies below X-axis work done is -ve.
F 4

0

N egative work

Work Done Calculation by Force Displacement Graph

Let a body, whose initial position is xi, is acted upon by a variable force (whose
magnitude is changing continuously) and consequently the body acquires its final
position xr.

Let F be the average value of variable force within the interval dx from position x

to (x + dx) i.e. for small displacement dx. The work done will be the area of the 0" x e % Displacement
—x— N P

shaded strip of width dx. The work done on the body in displacing it from position
xi to xr will be equal to the sum of areas of all the such strips

dW =Fdx
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S W= ij dw =ij Fdx

W= _[ i (Area of strip of width dx)

~ W = Area undercurve Between xi and x¢

i.e. Area under force displacement curve with proper algebraic sign represents work done by the force.

Work Done in Conservative and Non-Conservative Field
(1) In conservative field work done by the force (line integral of the force i.e.

IF.dT) is independent of the path followed between any two points.

I
A (\/—> B
Wis =W, 5=W, 3 \i/

Pathl PathIl PathIII

or j Fdi= j F.dT:jF.dT

Pathl Pathll PathllIl

(2) Inconservative field work done by the force (line integral of the force i.e. IF.dT) over a closed path/loop

Conservative force : The forces of these type of fields are known as conservative forces.

is zero.
WA»B +WB~>A = O
or (j)l_:dl =0

Example : Electrostatic forces, gravitational forces, elastic forces, magnetic forces etc. and all the central forces
are conservative in nature.

If a body of man m lifted to height h from the ground level by different path as shown in the figure

B B B

[] []

[] []
/S,_,_,_—r v h
[]

=mgh

Work done through different paths
Wi=F.s=mgxh=mgh

Wi =F.s=mgsind x| =mgsind x —
sin®

W = mghi + 0 + mghz + 0 + mghs + 0 + mghs = mg(h1 + hz + hs + ha) = mgh
Wi = jﬁ'dg =mgh
It is clear that Wi = Wi = Wi = Wiy = mgh.

Further if the body is brought back to its initial position A, similar amount of work (energy) is released from the
system it means Wag = mgh

and Wsa = -mgh.
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Hence the net work done against gravity over a round strip is zero.
Whet = Wag + Wpa
=mgh + (-mgh) =0

i.e. the gravitational force is conservative in nature.

Non-conservative forces : A force is said to be non-conservative if work done by or against the force in moving a
body from one position to another, depends on the path followed between these two positions and for complete
cycle this work done can never be a zero.
Example: Frictional force, Viscous force, Airdrag etc.
If a body is moved from position A to another position B on a rough table, work done against frictional force shall
depends on the length of the path between A and B and not only on the position A and B.

Wsa = pmgs
Further if the body is brought back to its initial position A, work has to be done
against the frictional force, which always opposes the motion. Hence the net work R
done against the friction over a round trip is not zero.

Wea = umgs. F

* Wnet = Wag + Wga = pmgs + umgs = 2umgs # 0.

i.e. the friction is a non-conservative force.

Energy

The energy of a body is defined as its capacity for doing work.

(1) Since energy of a body is the total quantity of work done, therefore it is a scalar quantity.
(2) Dimension: [ML2T-2] it is same as that of work or torque.

(3) Units: Joule [S.I.], erg [C.G.S.]
Practical units : electron volt (eV), Kilowatt hour (KWh), Calories (cal)

Relation between different units:
1]Joule=107erg
1eV=1.6x10-19Joule

1 kWh = 3.6x10¢ Joule

1 calorie = 4.18 Joule

(4) Mass energy equivalence : Einstein’s special theory of relativity shows that material particle itself is a form
of energy.

The relation between the mass of a particle m and its equivalent energy is given as

E = mc? where c = velocity of light in vacuum.

Ifm=1amu=1.67x10-%7 kg

then E =931 MeV = 1.5x10-10 Joule

If m =1 kg then E = 9x101¢ Joule

Examples: (i) Annihilation of matter when an electron (e-) and a positron (e*) combine with each other, they

annihilate or destroy each other. The masses of electron and positron are converted into energy. This energy
is released in the form of y-rays.

e+er-oy+y
Each y photon has energy = 0.51 MeV.
Here two y photons are emitted instead of one y photon to conserve the linear momentum.

(ii) Pair production : This process is the reverse of annihilation of matter. In this case, a photon (y) having
energy equal to 1.02 MeV interacts with a nucleus and give rise to electron (e-) and a positron (e*). Thus
energy is converted into matter.

¥ (Photon)

NW O—» e + et
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(iii) Nuclear bomb : When the nucleus is split up due to mass defect (The difference in the mass of nucleons

and the nucleus), energy is released in the form of y-radiations and heat.

(5) Various forms of energy

(i) Mechanical energy (Kinetic and Potential)

(ii) Chemical energy
(iii) Electrical energy
(iv) Magnetic energy
(v) Nuclear energy
(vi) Sound energy
(vii) Light energy
(viii) Heat energy

(6) Transformation of energy : Conversion of energy from one form to another is possible through various

devices and processes.

Various devices for energy conversion from one form to another

Mechanical - electrical Light — Electrical Chemical - electrical
Light 4 @ +
N 5 Anode 4, & Cathode
B | i+
SUPS| 1.1
g A - - == | By
5 Photoelectric i Primary | b m - e
namo I L I )1 . A R e
’ cel + ‘_H - cell

Chemical — heat

Sound — Electrical

.. T

Burning

;/

Microphone

Thermo-couple

Heat —» Mechanical

Electrical - Mechanical

Electrical - Heat

Engine Motor Heater
Electrical - Sound Electrical —» Chemical Electrical - Light
' i 4—@7
T Anode Cathod l\\\'\\ 1 ”/////
n N

Speaker Voltameter - - Bulb
Kinetic Energy
The energy possessed by a body by virtue of its motion, is called kinetic energy.
Examples : (i) Flowing water possesses kinetic energy which is used to run the water mills.
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(i) Moving vehicle possesses kinetic energy.

(iii) Moving air (i.e. wind) possesses kinetic energy which is used to run wind mills.

(iv) The hammer possesses kinetic energy which is used to drive the nails in wood.

(v) A bullet fired from the gun has kinetic energy and due to this energy the bullet penetrates into a target.

(1)

(2)

u
u=20 —

Expression for kinetic energy :
Let m = mass of the body,

u = Initial velocity of the body (= 0)
F = Force acting on the body,

a = Acceleration of the body,

s = Distance travelled by the body,
v = Final velocity of the body

From vZ = u? + 2as

VZ

=>v2=0+2as LS=—
2a

Since the displacement of the body is in the direction of the applied force, then work done by the force is

2
W=Fxs=max —
2a
=>W=lv2
2

1
This work done appears as the kinetic energy of the body KE =W = 5 V2

Calculus method : Let a body is initially at rest and force F is applied on the body to displace it through

small displacement ds along its own direction then small work done

dW =Fds=Fds
= dW=mads [As F =mal]
= dW=md—vds [Asa=d—v]
dt dt
= dW=de.§
dt
= dW=mvdv (1)
ds
As —=v
[ I ]

Therefore, work done on the body in order to increase it velocity from zero to v is given by

2 \'4
W:_[ mvdv:m.[ vdv:m{v—} :lmv2
0 0 2 2

0

This work done appears as the kinetic energy of the body KE = % mvZ.
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(3)

(4)

(5)

(6)
(7)

In vector form KE = %m(\;\;)

As m and v.v are always positive, kinetic energy is always positive scalar i.e. kinetic energy can never be
negative.

Kinetic energy depends on frame of reference : The kinetic energy of a person of mass m, sitting in a train

. . . . ) 1 .
moving with speed v, is zero in the frame of train but E mv? in the frame of the earth.

- . - 1
Kinetic energy according to relativity : As we know E = 5 mvZ,

But this formula is valid only for (v << c) If vis comparable to c (speed of light in free space = 3x108 m/s) then
according to Einstein theory of relativity

mc?

e

Work-energy theorem: From equation (i) dW = mvdv .

Work done on the body in order to increase its velocity from u to v is given by

W= Iovmvdv = mJOVVdV = m{%z}v

:W=%m[v2—u2]

Work done = change in kinetic energy

W =AE

This is work energy theorem, it states that work done by a force acting on a body is equal to the change in the
kinetic energy of the body.

This theorem is valid for a system in presence of all types of forces (external or internal, conservative or non-
conservative).

If kinetic energy of the body increases, work is positive i.e. body moves in the direction of the force (or field)
and if kinetic energy decreases, work will be negative and object will move opposite to the force (or field).

Examples: (i) In case of vertical motion of body under gravity when the body is projected up, force of gravity
is opposite to motion and so kinetic energy of the body decreases and when it falls down, force of gravity is
in the direction of motion so kinetic energy increases.

(ii) When a body moves on a rough horizontal surface, as force of friction acts opposite to motion, kinetic
energy will decrease and the decrease in kinetic energy is equal to the work done against friction.

Relation of kinetic energy with linear momentum: As we know

Various graphs of kinetic energy

E=imy2 =1 Py [As P = mv]
2 2l v
Ezva
2
2
or E= L [Asv = P ]
2m m
o 1, 1 p’ 2E
So we can say that kinetic energy E= Emv = EPV ~om and Momentum P = == =+/2mE
m \

From above relation it is clear that a body can not have kinetic energy without having momentum and vice-
versa.
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(7) Various graphs of Kinetic energy

E -
E o« P*
2
Eev m = constant
m = constant
v
E ) JE
Eo«— P JE
m
P = constant m = constant
m

Stopping of Vehicle by Retarding Force

If a vehicle moves with some initial velocity and due to some retarding force it stops after covering some distance

after some time.

(1) Stopping distance : Let m = Mass of vehicle,
v = Velocity, P = Momentum, E = Kinetic energy
F = Stopping force, x = Stopping distance,
t = Stopping time

Then, in this process stopping force does work on the vehicle and destroy the motion.

By the work- energy theorem
1 -
W=AK= Emv

Initial velocity = v

= Stopping force (F) x Distance (x) = Kinetic energy (E)

o Kinetic energy (E)
= Stopping distance (x) =

Stopping force (F)

mv?

2F
(2) Stopping time : By the impulse-momentum theorem
Fxt=AP = Fxt=P

=>x=

()

P ..
or t=— (i1
v (ii)

Final velocity = 0

(3) Comparison of stopping distance and time for two vehicles : Two vehicles of masses m1 and mz are

moving with velocities vi1 and vz respectively. When they are stopped by the same retarding force (F).

2
E _mvy

X
The ratio of their stopping distances —-=—- .
XZ EZ mZVZ

t, P
and the ratio of their stopping time - =-1=
tZ PZ mZVZ

m,v,

-

(i) Ifvehicles possess same velocities
Vi=V2

(ii) If vehicle possess same kinetic momentum
P1=P:
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x _B (B |_(2m,|_m,
x, E, (2m, P’ ) m,
t2 PZ

S q
XZ EZ

t_Rh_yemE _m,
tz PZ Zszz mz

Note: If vehicle is stopped by friction then

1 5, 1,
Smvt o omvt
Stopping distance x = 2 _2 =—— [Asa=ypg]
ma 2ug
L mv_mv Vv
Stopping time t=—=——=—
Fmpg pg

Potential Energy

Potential energy is defined only for conservative forces. In the space occupied by conservative forces every point

is associated with certain energy which is called the energy of position or potential energy. Potential energy

generally are of three types : Elastic potential energy, Electric potential energy and Gravitational potential energy.

(1)

(2)

Change in potential energy : Change in potential energy between any two points is defined in the terms of
the work done by the associated conservative force in displacing the particle between these two points

without any change in kinetic energy.

U,-U, =—[ Fdr=-w

I

()

We can define a unique value of potential energy only by assigning some arbitrary value to a fixed point called
the reference point. Whenever and wherever possible, we take the reference point at infinity and assume
potential energy to be zero there, i.e. if we take r1 = co and r2 = r then from equation (i)

U=—[ Fdr=—-w
In case of conservative force (field) potential energy is equal to negative of work done by conservative force

in shifting the body from reference position to given position.

This is why, in shifting a particle in a conservative field (say gravitational or electric), if the particle moves
opposite to the field, work done by the field will be negative and so change in potential energy will be positive
i.e. potential energy will increase. When the particle moves in the direction of field, work will be positive and

change in potential energy will be negative i.e. potential energy will decrease.

Three dimensional formula for potential energy: For only conservative fields F equals the negative

gradient (—6) of the potential energy.

0

i+Z1)
oy 0z

- = = = 01
So F=VU (V read as Del operator or Nabla operator and V = &1 +
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(3)

(4)

where,
ou
X

= = Partial derivative of U w.r.t. x (keeping y and z constant)

ou
— = Partial derivative of U w.r.t. y (keeping x and z constant)

Z

Z—U = Partial derivative of U w.r.t. z (keeping x and y constant)

Potential energy curve : A graph plotted between the potential energy of a particle and its displacement

from the centre of force is called potential energy curve.

Ulx)

i

(0]

Figure shows a graph of potential energy function U(x) for one dimensional motion.

As we know that negative gradient of the potential energy gives force.

._du_
odx

Nature of force

F

(i) Attractive force : On increasing x, if U increases,

ou

d_ = positive, then F is in negative direction
X

i.e. force is attractive in nature.

In graph this is represented in region BC.

(ii) Repulsive force : On increasing x, if U decreases,
ou . o o s
I = negative, then F is in positive direction
X

i.e. force is repulsive in nature.

In graph this is represented in region AB.

(iii) Zero force : On increasing x, if U does not change,

8_U =0 then F is zero
dx

i.e. no force works on the particle.

Point B, C and D represents the point of zero force or these points can be termed as position of

equilibrium.

(5) Types of equilibrium : If net force acting on a particle is zero, it is said to be in equilibrium.

For equilibrium i—U = 0, but the equilibrium of particle can be of three types:

X

Stable

Unstable

Neutra

When a particle is displaced
slightly from its present position,
then a force acting on it brings it
back to the initial position, it is
said to be in stable equilibrium

When a particle is displaced
slightly from its present position,
then a force acting on it tries to
displace the particle further away
from the equilibrium position, it

When a particle is slightly
displaced from its position then it
does not experience any force
acting on it and continues to be in
in the

equilibrium displaced

position. is said to be in unstable | position, itis said to be in neutral
equilibrium. equilibrium.
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Potential energy is minimum. Potential energy is maximum. Potential energy is constant.
F:—d—U:O F:—d—U:O F:—d—U:O
dx dx dx
d’u . d’u
— = negative — =0
. du . dx dx
i.e. rate of change of — s
dx du

. ol du .
s i.e. rate of change of —— is | i.e.rate of change of — iszero.
positive. dx dx

negative.

Example : Example : Example :

A marble placed at the bottom of | A marble balanced on top of a | A marble placed on horizontal
a hemispherical bowl. hemispherical bowl. table.

Elastic Potential Energy

(1)

(2)

Restoring force and spring constant : When a spring is stretched or compressed from its normal position
(x=0) by a small distance x, then a restoring force is produced in the spring to bring it to the normal position.

According to Hooke’s law this restoring force is proportional to the displacement x and its direction is always
opposite to the displacement.

;

x=0
«— F i
0000000000 — Fex
<— +x—
F —s .
N — -
—_x—
ie. Foc—x
or F=—kx (i)

where Kk is called spring constant.

Ifx =1, F = k (Numerically)

Or k=F

Hence spring constant is numerically equal to force required to produce unit displacement (compression or
extension) in the spring. If required force is more, then spring is said to be more stiff and vice-versa.

Actually k is a measure of the stiffness/softness of the spring.

Dimension : As k= F

X
F MLT™
[k] =U =u =[MT’2]
[x] L
Units : S.I. unit Newton/metre, C.G.S unit Dyne/cm.
Note: Dimension of force constant is similar to surface tension.

Expression for elastic potential energy : When a spring is stretched or compressed from its normal position
(x=0), work has to be done by external force against restoring force.

@ www.stepupacademy.ind.in Q @stepupacademyindia ) @stepupacademyindia r@ @stepupacademy_



@Step Up Academy | 117

lE'ext = _F‘restoring = k;{

Let the spring is further stretched through the distance dx, then work done

dW = Fee.dx=F,,.dx cos0° =kxdx [As cos 0°=1]

Therefore total work done to stretch the spring through a distance x from its mean position is given by
X X X2 . 1

W dW = [ kdx=k| = | ==k¢’
0 0 2], 2

This work done is stored as the potential energy in the stretched spring.

- Elastic potential energy U = %kx2

U=1Fx {Ask=E}
2 X
2

=F— Asx:E
2k k

2

U= 1kx2 =1Fx _F

2 2 2k

Note: If spring is stretched from initial position x: to final position x2 then work done = Increment in elastic

potential energy
1
= Ek(xi —xf)
Work done by the spring-force on the block in various situation are shown in the following table.

Work done for spring

Initial state of the | Final state of the Initial position Final position (x2) | Work done (W)
spring spring (x1)
Natural Compressed 0 -X -1/2 kx?
Natural Elongated 0 X -1/2 kx?
Elongated Natural X 0 1/2 kx?
Compressed Natural -X 0 1/2 kx?
Elongated Compressed X -X 0
Compressed Elongated -X X 0
(3) Energy graph for a spring : If the mass attached with spring performs simple x=0
/(00000000 =]

harmonic motion about its mean position then its potential energy at any position

(x) can be given by x=_a
N (I
U= EkXZ (l) A

B

So for the extreme position

U= %kx2 [As x = + a for extreme]

X =—a x=0 x = +a
Position —=
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This is maximum potential energy or the total energy of mass.

= Total energy E = %kx2 ..(ii)
[Because velocity of mass is zero at extreme position]
K= 1mV2 =0]
2
Now kinetic energy at any position

K=E—U=1ka2—lkx2
2 2

1
K=-k(a’*-x* ..(iil

Jk(a®-x’) (iif)
From the above formula we can check that
Umax = %ka2 [At extreme x = *a]
and Umin = 0 [At mean x = 0]

1,

Kmax = Eka [At mean x = 0]
and Kmin =0 [At extreme x = #a]

E= %kaZ = constant (at all positions)

It means Kinetic energy and potential energy changes parabolically w.r.t. position but total energy remain
always constant irrespective to position of the mass.

Electrical Potential Energy

It is the energy associated with state of separation between charged particles that interact via electric force. For
two point charge q1 and qz, separated by distance r.

U= 1 qq,

4ng, r
While for a point charge q at a point in an electric field where the potential is V
U=qV

As charge can be positive or negative, electric potential energy can be positive or negative.

Gravitational Potential Energy

It is the usual form of potential energy and this is the energy associated with the state Fis  Fy
of separation between two bodies that interact via gravitational force.

For two particles of masses m1 and mz separated by a distance r I r |

Gm;m
Gravitational potential energy U = —2—2
(1) Ifabody of mass m at height h relative to surface of earth then
Gravitational potential energy U = m_gE
1+—
R
Where R = radius of earth, g = acceleration due to gravity at the surface of the earth.
(2) Ifh<<Rthenabove formula reduces to U = mgh.
(3) IfVisthe gravitational potential at a point, the potential energy of a particle of mass m at that point will be

U=mV
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(4) Energy height graph : When a body projected vertically upward from the ground level with some initial

velocity then it possess kinetic energy but its initial potential energy is zero.

As the body moves upward its potential energy increases due to increase in height but kinetic energy
decreases (due to decrease in velocity). At maximum height its kinetic energy becomes zero and potential
energy maximum but through out the complete motion, total energy remains constant as shown in the figure.

B
g E
o
i [
u
K
Height
Work Done in Pulling the Chain Against Gravity
A chain of length L and mass M is held on a frictionless table with (1/n)t of its length T
hanging over the edge. Lin

Letm =1\—[/‘[ mass per unit length of the chain and y is the length of the chain hanging

over the edge. So the mass of the chain of length y will be ym and the force acting on it due to gravity will be mgy.
The work done in pulling the dy length of the chain on the table.

dW = F(-dy) [Asy is decreasing]

i.e. dW = mgy (-dy)

So the work done in pulling the hanging portion on the table.

270 2
o _ y _ mgL
W_ -[L/nmgydy - mg|: 2 :|L/ - 2n2

W= M_gZL [Asm=M/L]
2n
Alternative method :

If point mass m is pulled through a height h then work done W = mgh f

Similarly for a chain we can consider its centre of mass at the middle point of the )
hanging parti.e. at a height of L/(2n) from the lower end and mass of the hanging Centre of mass

part of chain = M
n

So work done to raise the centre of mass of the chain on the table is given by

W:ngxL [As W = mgh]
n 2n

MgL

orW-= o
2n

Velocity of Chain While Leaving the Table t

Taking surface of table as a reference level (zero potential H (ijn} [
energy)

Potential energy of chain when 1/nth length hanging from the [
—MgL

rl2

edge =

Potential energy of chain when it leaves the table = —%
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Kinetic energy of chain = loss in potential energy

:>1MV2 _ Mgl MgL
2 2  2n?

Ly MLy 1
2 2 n

~ Velocity of chain = v= gL(l —izj
\l n

Law of Conservation of Energy

(1) Law of conservation of energy : For a body or an isolated system by work-energy theorem we have

Kz - Ki = [Fdr (D)
But according to definition of potential energy in a conservative field
Uz- Ui =—JFdr )

So from equation (i) and (ii) we have
Kz -Ki1=-(Uz-U1)

or Ke+Uz=K:1+U;

i.e. K+ U = constant.

For an isolated system or body in presence of conservative forces, the sum of kinetic and potential energies
at any point remains constant throughout the motion. It does not depend upon time. This is known as the law
of conservation of mechanical energy.

A(K+U)=AE=0 [As E is constant in a conservative field]
~AK+AU=0
i.e. if the kinetic energy of the body increases its potential energy will decrease by an equal amount and vice-
versa.

(2) Law of conservation of total energy : If some non-conservative force like friction is also acting on the
particle, the mechanical energy is no more constant. It changes by the amount equal to work done by the
frictional force.

A(K+U) = AE = Wr [where Wris the work done against friction]

The lost energy is transformed into heat and the heat energy developed is exactly equal to loss in mechanical
energy.

We can, therefore, write AE + Q=0 [where Q is the heat produced]

This shows that if the forces are conservative and non-conservative both, it is not the mechanical energy
which is conserved, but it is the total energy, may be heat, light, sound or mechanical etc., which is conserved.
In other words : “Energy may be transformed from one kind to another but it cannot be created or destroyed.
The total energy in an isolated system remain constant”. This is the law of conservation of energy.

Power
Power of a body is defined as the rate at which the body can do the work.

AW W
Average power (P )—=—
ge power (B, )—c==—
Instantaneous power (Pinst )d—W = F_ds [As dW = F.ds ]
dt dt
- - ds
Pinst = F.v As v=—
' [ at]

i.e. power is equal to the scalar product of force with velocity.

Types of equilibrium :

(a) Stable equilibrium : When a particle is displaced slightly from a position and a force acting on it brings it
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back to the initial position, it is said to be in stable equilibrium position.

d d’u
Necessary conditions: ——— =0, —-=+ve
X dx

(b) Unstable Equilibrium : When a particle is displaced slightly from a position and force acting on it tries to
displace the particle further away from the equilibrium position, it is said to be in unstable equilibrium.

2

Condition : j—U = 0 potential energy is max i.e. =-ve
X

XZ

(c) Neutral equilibrium : In the neutral equilibrium potential energy is constant .When a particle is displaced
from its position it does not experience any force to acting on it and continues to be in equilibrium in the
displaced position, it is said to be in neutral equilibrium.

Law of Conservation of linear momentum

(a) According to this principle, when the value of external force acting on a particle or system is zero, its linear
momentum remains conserved. On the other hand in the absence of external force, the linear momentum of
a particle or system remains unchanged. This is known as law of conservation of linear momentum.

- dp
b & Fexe =—
(b) S

If Fex =0:%=0:>df)=0

= Change in momentum = 0

= Momentum = Constant

If 131 ,;32,[33, ................ , be the linear momentum of elements of system, then
f)l + f)z + f)3 F s Constant

Hence if the external force acting on a system is zero, the resultant momentum remains conserved.

(c) The above equation is equivalent to three scalar equations.

Py, TPy + D5, +———+Dp,, = cOnstant
P,y +Pzy +P3, +———+p,, = constant
Pi, + Py, +P5, +———+D,, = constant

On the other hand in the absence of external force, the components, of momentum in different direction
remains conserved or the component of momentum along X-axis, Y-axis and Z-axis remains conserved.

Collision of bodies

The event or the process, in which wo bodies either coming in contact with each other or due to mutual interaction
at distance apart, affect each others motion (velocity, momentum, energy or direct of motion) is defined as a
collision between the bodies. In short, the mutual interaction between two bodies or particles is defined as
a collision. In collision -

(a) The particles come closer, before collision and after collision, they either stick together or move away from
each other.

(b) The particles need not come in contact with each other for a collision.

(c) The law of conservation of linear momentum is necessarily conserved in a collision, where as the law of
conservation of mechanical energy is not.

NOTE - If F is the average of the time verifying force during collision and @t is the duration of collision then

impulse ] = FAt.
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On the basis of direction :

TYPES OF COLLISIONS

On the basis of conservation of kinetic energy:

One - dimensional collision Two dimensional collision  Elastic- In-elastic- Perfectly inelastic
or or collision collision collision
Head on collision Oblique collision
or

Direction collision
The collision , in which the
particles move along the same
straight line before and after
the collision, is defined as one
dimensional collision.

The collision , in which
the particles move in
the same plane at
differentangles before
and after collision , is
defined as oblique -
collsion.

A collision is said
to beelastic ,ifthe
total kineticenergy
before and after
collision remains
the smae

A collision is
saidto bein-
elastic, ifthe
total kinetic
energy does
not remains

The collision , in
which particles gets
sticked together
after the collision ,
is called perfectly
inelasticcollision. In

constant this type of inelastic
collsion , lose of

energyis maximum.

NOTE : Linear momentum is essentially conserved in any collision.

Newton's law of collision

Relative velocity after collision

Relative velocity before collision -

where e = coefficient of restitution

Let u1 and uz be the velocities of two bodies before collision and vi1 and vz that after the collision, then
Vo=V _ e
u, -4,

e = 1, for elastic collision

e < 1, for inelastic collision

e = 0, for perfectly inelastic collision

Now we discuss the collision as follows

A B

L

During collision

Direct elastic collision A_A__u B u,
QOMICk

BefoBefore collision

A v, B v,
™ @

After collision

(a) In this collision, both momentum and kinetic energy remains

conserved. Thus for such collision

(P)b.c = (Pac

=m, U + M, Uz =M, Vi +m, V2
[where, p stands for linear momentum
b.c for - before collision

a.c for - after collision]

[KE. for - kinetic energy.]
and (KE]bc = (K.E.)a.c

1 2 1 2 1 2 1 2
:>Em1ul +Em2u2 zimlvl +§m2V2

(b) Newton's law for elastic direct collision :

v2-vi=-(uz-u1)
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(c) Important formula and features for direct elastic collision :

(i) The velocity of first body after collision
- 2
V1=[m1 mzju1+ M, juz
m, +m, m, +m,
(ii) The velocity of second body after collision

2m, m, —m,
v, = u, + u,
m, +m, m, +m,

(iii) If the body with mass mz is initially at resti.e.uz =0,

m, —m 2m
v,=—t—2u, and v,=—2—u,
m, +m, m, +m,

(iv) When a particles of mass m1 moving with velocity ul collides with another particle with mz at rest and

if-
l l l
mi = mz mi >> mz mi <<< mgz
In this case, In this case, In this case,
vi=0and vi1 =u1 and vi1=-u1 and
V2 =u1 V1= 2u1 V2=2ml u, ~0
mZ

(v) When mi=mz=mbutuz # 0, then vi =uz and vz = u1 i.e. the particles mutually exchange their velocities.

(vi) Exchange of energy is maximum, when mi1 = mz. This fact is utilised in atomic reactor in slowing down
the neutrons. To slow down the neutrons, these are made to collide with nuclei of almost similar mass.
For this hydrogen nuclei are most appropriate.

NOTE: To solve problems based on direct elastic collisions, the momentum conservation law and Newton's law of
collision are to be applied. In special circumstances law of conservation of kinetic energy should be applied.

Direct inelastic collision
(a) Inthis case, (p)v.c = (p)ac
= m, Us + M, Uz =m, Vi + m,V;
but
(K.E)be # (KE)ac
= (KE)bc+ (KEJac+ Q,
(where Q = heat energy, sound energy etc.)

1 2 1 2 1 2 1 2
:Emlul +Em2u2 izmlvl +§m2V2

(b) According to Newton's law, for inelastic collision we have, v1 - v2 = —e (u1 - uz)

(c) Ininelastic collision, velocity of first body after collision :
- m,(1l+e
v, =£—ml et jul +(—2( )juz and
m, +m, m, +m,

velocity of second body,

m, (1+e) m, —em,
, = u, + u,
m, +m, m, +m,
(d) Loss of energy in inelastic collision :

AE, %(&](ul —u,) (1-e)

m, +m,
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Direct, perfectly inelastic collision

@ @ OO~

Before collision

In this type of collision,

(a)

(b)

(c)

(d)

(e)

(p)bec = (Plac
=m,w +m,u =(m, +m, )V
but

(KE)bc * (K.E)a.c
= (KE)bc + (K.E.)a.c +Q

:%mluf +%m2u22 :%(m1 +m, )v2 +Q

According to Newton's law for this collision :

V1i=V2 (ve=0)

Velocity after collision of the combined body :

v My +m,,
m, +m,

Loss of energy :

1 mm 2
AE =———12 (4 _qu
K 2m1+m2( ! 2)

If uz = 0, ratio of final energy to initial energy :

1(m1 +m, v

Efzz e
E, 1 5 m, +m,
i ~m,u
2 11
= Er<E;

i.e. there is loss of kinetic energy (f)
AE
fuz =0, —k =2
E

i

(m, +m,)

After collision

NOTE : In some cases the kinetic energy of combined body gets increased, but this is compensated by the lose in

potential energy of the body

Oblique elastic collision

o,

In this case , both momentum and K.E. remains conserved. Momentum is a vector quantity and it can be resolved

into any two perpendicular directions (say, x and y)

@ www.stepupacademy.ind.in

Q @stepupacademyindia

) @stepupacademyindia @ @stepupacademy_



@Step Up Academy | 125

(a) Applying law of conservation of linear momentum :

along x-axis : (px)b.c = (Px)ac
= miu1 COS Q1 + M2U2 COS 02
= m1v1 cos 1 + mzvz cos 2 and
along y-axis : (py)bc = (Py)ac
= muiui1 Sin a1 + mzuz sin oz
=mavi sin B1 + mzvz sin Bz
(b) Applying law of conservation of KE. : (K.E.)b.c = (K.E.)ac
:>1m u’ +1m u’ +1m v +1m v’
2 o2 o2t
(c) Ifmi=mzand (a1 + az) =90°, (B1 + B2) = 90°. Which means, if, two particles of same mass moving at right
angles to each other collide elastically, after collision also they move at right angles to each other.

(d) Ifabody A collides elastically with another body B of same mass at rest at a glancing angle, then after collision
the two bodies move at right angles to each otheri.e. o+ 3 =90°.

(e) If a stationary body breaks due to some interaction in three parts, out of which the first two parts, move at
right angles to each other with momenta p1 and p2 respectively, then the momenta of third part is determined

as follows :
According to law of conservation of momentum : P,
Along horizontal direction : p3 cos 8 = p1 4
Along vertical direction : p3 sin 8 = p2 p,C0S0
Magnitude of p3 = 4 [pf + pi and its, direction from horizontal, b 9\ ’ p:
tan0=22 —0=tan! (&] ; M p,sind
P: P: 3
Direction of ps, from the direction of motion of first part = [r+tan™ &] and that from the direction motion second
b:

part

i _
=[=+tan™ &]

2 P:

Work Kinetic Energy Theorem

It is possible to relate the work done by all the forces on a body (or a system) to the change in kinetic energy of the
body (or, the system).

Consider a rigid body of acted upon by forces Fi,F2,Fs, ... moving with a velocity v which is in general a function

of time. Newton's second law gives us :

m@:f% +F2 +F3 + e = Fret (1)
dt
where RHS represents the resultant (net) of all the forces Fi,Fz,, . Etc.
: : . - - - dr
Taking the dot product of both sides of equation (1) by v dt (=dr, since v :a ), we get,

m&.%dt =Fr.dr+ F2dr + ... = Free.dr

or m\_/.d\7:13'1 dr+Fodr + -(2)
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Now, V=in+Vyj+VZk, and d\7=dvxi+dvyj+dvzk; so,

m(vxdvX +v,dv, +v,dv, ) =Foee.dr

B B B B
or rnjvxdvX + Ivydvy + Jvzdvz = IFnet dr, if the motion takes place from A to B, we get by integration
A A A A
2 2 2 B B
Vi +V 4V, S
or, m —F = :IFnet dr
2 A
A
1 B
2 2\ _ [ I
or, Em(VB —VA)—JFnet.dr
1 o, 1, = =
or, EmVB —EmvA —{Fnet dr -(3)
Wnet = AKE
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|/ Class : 11th Physics \
\ Chapter- 6 : Work, Energy, and Power /'

:IlllllllII‘IIIIIIIIIIIII:
3 :
EPMEMcCollhlonE Bhntessssssnssssssssssssssssssssass  peseceees corassiassesene,
: * Total mechanical/kinetic : .Perhctly Inelastic Collision : Equivalence of mass and Ene,gy
= energy is conserved. : %+ Total energy and linear ; E=Amc
:-h‘ornen“"n]sconserved_: lfnoﬂner“uﬂ1c°nserved E NesussENspNERRERRNES wennnnd 3
. : <+ Kinetic energy not conserved. .
- - - »
tevvsunssnnnasunnssvenuand SussssenssevsuavepunannnenuvnanuTe

PR S ERS RAP £ R ot .

- law of conservation

: of Energy

. Energy can neither be created

: nor destroyed; it can only be :

 transformed from one form to *

: another. .

Various forms Work Energy theorem &

Rate of doing work

= Work(w)
Sl

Thp=746watt
1kWH=3.6 x 107

D R R TR EY

R L T

L L L G LLLLLELT]

Positive Work .

When force (F) and displacement (S) E
are in same direction. 4

W will be+ve when 0<6<— 4

.

Negative Work

When force (F) and displacement (S)
are in opposite du'ecuon
W will be (-ve) when : <0<r

Zero work K
When force and displacement
are perpendicular to
each other. W = zero
whenf=T
2

EEssEENREER ARy
AEEEREE AR,

SENSASEsENESANSEANNEERRRNNS

Heat Energy
Chemical Energy
Electrical Energy
Nuclear Energy

Work,
Energy,

Fessssssssssssssanasnnsnnanannn

Work is said to be
done when force produces

displacement.

Work done by constant

force

W =Fscos0=FEs
Work done by a variable force
% _%.3
W =" Fdscod = [ F-ds

Types

and Power

* the body i.e;

Energy
Capacity of doing work

[

Types of
mechanical

energy

Potential Energy
E = mgh

Kinetic Energy -
By virtue of velocity *

o= dm= £ :

....................

- Potential Energy -

of Spring
U =lkx’ -
2

s k= spring constant :

--------------------

¢ Change in Kinetic Energy =
: Work done by net force on

* By virtue of position
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Important Questions

Multiple Choice Questions-

1.

When a force of 50 N acts on a body, the body is
displaced through a distance of 3 m in a direction
normal to the direction of the force. The work
done by the force

(a) 150]

(b) 1470]

(c) Zero

(d)-150]

A body of mass 20 kg is initially at a height of 3 m
above the ground. It is lifted to a height of 2 m
from that position. Its increase in potential
energy is

(a) 100]

(b)392]

(c)60]

(d)-100]

A wooden cube having mass 10 kg is dropped
from the top of a building. After 1 s, a bullet of
mass 20 g fired at it from the ground hits the
block with a velocity of 1000 m/s at an angle of
30° to the horizontal moving upwards and gets
imbedded in the block. The velocity of the
block/bullet system
collision is

(@) 17m/s

(b) 27 m/s
(c)52m/s

(d) 10 m/s

A body of mass 10 kg is moved parallel to the

immediately after the

ground, through a distance of 2 m. The work done
against gravitational force is

(a) 196 ]
(b) -196 ]
(c)20]
(d) zero

A quantity of work of 1000 ] is done in 2 seconds.
The power utilized is

(a) 998 W
(b) 1002 W
(c) 2000 W
(d) 500 W

10.

A body of mass 1 kg travels with a velocity of 10
m/s, this a wall and rebounds. If 50% of its initial
energy is wasted as heat, its kinetic energy at the
instant of rebounding is

(@)20]
(b)60]
(c)50]
(d) 25]
A marble moving with some velocity collides
perfectly elastically head-on with another marble
at rest having mass 1.5 times the mass of the
colliding marble. The percentage of Kkinetic

energy by the colliding marble after the collision
is

(a) 4

(b) 25

(c) 44

(d) 67

A particle of mass m is moving in a horizontal

circle of radius r under a centripetal force given
by (-kr?) where k is a constant , then

(a) the total energy of the particle is (- k/2r)
(b) the kinetic energy of the particle is (k/r)

(c) the potential energy of the particle is (k/2r)
(d) the kinetic energy of the particle is (- k/r)

A sphere of mass m moving with a constant
velocity u hits another stationary sphere of the
same mass. If e is the coefficient of restitution,
then the ratio of velocity of the two spheres after
the collision will be

(@)1-e/1+e
M1+e/1-e
(Je+1/e-1
(de-1/e+1
Two masses 1 g and 4 g are moving with equal

kinetic energies.s The ratio of the magnitudes of

their linear momenta is
(a)4:1
(b)o:1
(c)1:2
(d1:6
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Very Short:

1.

10.

What is the source of the kinetic energy of the

falling raindrops?

A spring is stretched. Is the work done by the

stretching force positive or negative?

What is the type of collision when?

(a) Does a negatively charged body collide with
a positively charged body?

(b) Do macroscopic bodies collide?

(c) Do two quartz balls collide?

(a) Give two examples of potential energy other
than gravitational potential energy.

(b) Give an example of a device that converts
chemical energy into electrical energy.

(c) Heatenergy is converted into which type of
energy in a steam engine?

(d) Where
pendulum maximum?

is the speed of the swinging

(e) A heavy stone is lowered to the ground. Is
the work done by the applied force positive
or negative?

What is the work done by the centripetal force?

Why?

(a) What is the work done by the tension in the
string of simple pendulum?

(b) What is the work done by a porter against
the force of gravity when he is carrying a
load on his hand and walking on a horizontal
platform?

(c) Name the force against which the porter in
part (A) is doing some work.
When an arrow is shot, wherefrom the arrow will

acquire its K.E.?

When is the exchange of energy maximum during
an elastic collision?

Does the work done in raising a load onto a
platform depend upon how fast it is raised?

Name the parameter which is a measure of the
degree of elasticity of a body.

Short Questions:

1.

An airplane’s velocity is doubled,

(@) What happens to its momentum? Is the law
of conservation of momentum obeyed?

(b) What happens to its kinetic energy? s the
law of conservation of energy obeyed?

In a thermal station, coal is used for the
generation of electricity. Mention how energy
changes from one form to the other. before it is
transformed into electrical energy?

Chemical, gravitational and nuclear energies are
nothing but potential energies for different types
of forces in nature. Explain this statement clearly
with examples.

What went wrong at the Soviet atomic power

station at Chernobyl?

A man can jump higher on the moon than on
Earth. With the same effort can a runner improve
his timing for a 100 m race on the moon as
compared to that on Earth?

How many MeV are there in a 1-watt hour?
What is Newton’s experimental law of impact?

Two masses one n times as heavy as the other
have the same K.E. What is the ratio of their
momenta?

Long Questions:

1.

(a) State work-energy theorem or principle.

(b) State and prove the law of conservation of
energy.

Assertion Reason Questions:

1.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Assertion is correct, reason is correct;

reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct;
reason is not a correct explanation for
assertion

(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct.

Assertion: A work done by friction is always
negative.

Reason: If frictional force acts on a body its K.E.
may decrease.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.
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(a) Assertion is correct, reason is correct;
reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct;
reason is not a correct explanation for
assertion

(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct.

Assertion: The work done in moving a body over
a closed loop is zero for every force in nature.
Reason: Work done depends on nature of force.

Case Study Questions:

1.

The scalar product or dot product of any two
vectors A and B, denoted as A.B (read A dot B) is
defined as

AB=ABcos0

Where q is the angle between the two vectors.
Since A, B and cos 0 are scalars, the dot product
of A and B is a scalar quantity. Each vector, A and
B, has a direction but their scalar product does
not have a direction. Following are properties of
dot product

e the scalar product follows the commutative
law: AB=B.A

e  Scalar product obeys the distributive law: (B
+ C) = AB + A.C Further, A. (A B) = (A.B)
where A is a real number.

° For unit vectors i, j, k we have
ixizjxj=kxk=1andixj=jxk=kxi=0
e AxA=|A||A|cos0=Az
e B=0,if Aand B are perpendicular.
The work done by the force is defined to be the
product of component of the force in the
direction of the displacement and the magnitude
of this displacement. Thus
W = (F cos 8) d = F.d (We see that if there is no
displacement, there is no work done even if the
force is large. Work has only magnitude and no
direction. Its SI unit is (N m) or joule (]). Thus,
when you push hard against a rigid brick wall, the
force you exert on the wall does not work.

No work is done if:

e  The displacement is zero.

e The force is zero. A block moving on a
smooth horizontal table is not acted upon by
Horizontal force (since there is no friction)
but may undergo a large displacement.

e The force and displacement are mutually
perpendicular. This is so since, for 6 = m/2
rad

e Cos (m/2) = 0. For the block moving on a
smooth horizontal table, the gravitational
force mg does no work since it acts at right
angles to the displacement. If we assume
that the moon’s orbits around the earth are
perfectly circular, then the earth’s
gravitational force does not work. The
moon’s instantaneous displacement is
tangential while the earth’s force is radially
inwards and 6 = /2.

i.  Scalar product AB=B.Ais
a. Commutative law
b. Distributive law
c. Bothaandb
d. None of these

ii. When force acts in the direction of
displacement then work done will be

a. Positive
b. Negative
c. Bothaandb can possible
d. None of these
iii. Define scalar product. give its properties
iv. Define work done. Give its SI unit
v.  Write down the conditions for which work
done is zero

The kinetic energy possessed by an object of
mass, m and moving with a uniform velocity, v is

1’(:1*mv2 =1v.v
2 2

Kinetic energy is a scalar quantity. The kinetic
energy of an object is a measure of the work and
the energy possessed by an object is thus
measured in terms of its capacity of doing work.
The unit of energy is, therefore, the same as that
of work, that is, joule (J).

Work energy theorem: The change in kinetic
energy of a particle is equal to the work done on
it by the net force. Mathematically
Ki-Ki=W

Where Ki and Krare respectively the initial and
final kinetic energies of the object. Work refers to
the force and the displacement over which it acts.
Work is done by a force on the body over a certain
displacement.
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i.  Kinetic energy is
a. Scalar quantity
b.  Vector quantity
c. None of these
ii. ~ Which of the following has same unit?

a. Potential energy and work

b.  Kinetic energy and work
c.  Force and weight
d.  All of the above

iii. Whatis work energy theorem?

iv.  Kinetic energy is scalar quantity. Justify the
statement.

v.  Give formula for kinetic energy of body.

Answer Key

Multiple Choice Answers-
Answer: (c) Zero

Answer: (b) 392 ]
Answer: (a) 17 m/s
Answer: (d) zero

Answer: (d) 500 W
Answer: (d) 25]

Answer: (a) 4

® N o ok W o

Answer: (a) the total energy of the particle is
(- k/2r)
9. Answer:(a)l-e/1+e

10. Answer: (c)1:2

Very Short Answers:

1. Answer: It is the gravitational potential energy

that is converted into kinetic energy.

2. Answer: Positive because the force and the

displacement are in the same direction.
3. Answer:

(a) Perfectlyjnelastic collision.

(b) Inelastic collision.

(c) Perfectly elastic collision.
4.  Answer:

(a) Electrostatic P.E. and elastic P.E.

(b) Daniell cell.

(c) Mechanical energy.

(d) Atthe bottom of the swing.

(e) Negative work.

5. Answer: Zero. This is because the centripetal is

always perpendicular to the displacement.

6. Answer:
(a) zero
(b) zero
(c) Frictional force.

7. Answer: Itis the potential energy of the bent bow
which is converted into K.E.

8. Answer: When two colliding bodies are of the
same mass, there will be a maximum exchange of
energy.

9. Answer: The work done is independent of time.

10. Answer: Coefficient of restitution.

Short Questions Answers:
1. Answer:

(@) The momentum of the airplane will be
doubled. Yes, the law of conservation of
momentum will also be obeyed because the
increase in momentum of the airplane is
simultaneously accompanied by an increase
in momentum of exhaust gases.

(b) KE. becomes four times. Yes, the law of
conservation of energy is obeyed with the
increase in K.E. coming from the chemical
energy of fuel i. e. from the burning of its
fuel.

2. Answer: When coal is burnt, heat energy is
produced which converts water into steam. This
steam rotates the turbine and thus heat energy is
converted into mechanical energy of rotation.
The generator converts this mechanical energy
into electrical energy.

3. Answer: A system of particles has potential
energy when these particles are held a certain
distance apart against some force. For example,
chemical energy is due to the chemical bonding
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between the atoms. Gravitational energy arises
when the objects are held at some distance
against the gravitational attraction.

Nuclear energy arises due to the nuclear force
acting between the nuclear particles.

Answer: In this reactor, graphite was used as a
moderator. The fuel elements were cooled by
water and steam was produced from within the
reactor. Both water and the steam came in
contact with hot graphite. Due to this hydrogen
and carbon-monoxide (CO) were released. When
they came in contact with air, there was a big
explosion.

Answer: Man can jump higher on the moon
because the acceleration due to gravity on the
moon is less than that on the Earth. But
acceleration due to gravity does not affect the
horizontal motion. Hence the runner can'’t
improve his timing on the moon for the 100 m
race.

Answer:
We know that 1 watt hour =1 JS1 x 3600 s = 3600 ]
Also we know that 1eV=1.6x101?]

1
or 1]=——€eV
] 1.6x107Y
1
1 watt hour =3600x —————eV
1.6x10

=2.25x10%2 eV

1 MeV=10%eV

or 1eV=10"°MeV
1 watt hour = 2.25 x 1022 x 107 MeV
=2.25x 10 MeV

Now

Answer: The ratio of the relative speed of
separation after a collision to the relative speed
of approach before the collision is always
This
coefficient of restitution. It is denoted by e.

constant. constant is known as the

sz —Vis
Uy —Uy;

1

e=

where u1i and uzi, are the velocities of the bodies
before collision and vz, virare the velocities of the
bodies after the collision.

Answer:

2

We know that p= 1/2mEk orE, = Zp;
m

Since E, is constant

pam
p, a.nmand p, am

py_Nnm _n
1% \/E 1

Long Questions Answers:

1. Answer:

(a)

(b)

It states that the work done on a body is
equal to the change in its kinetic energy.
i.e, W = change in kinetic energy

Proof: Let m = mass of a body moving in a
straight line with a constant initial velocity
u.

dx

u v
i .i E

A P Q B

]

Let F = force applied on it at point A to B so
that its velocity is V at B.

If dx = small displacement from P to Q and a
= acceleration produced in the body, then

F=ma
If dw be the work done from P to Q, then
dw = F.dx=F dxcos 0

=madx = mﬂdx
dt

:mdv-(@j:mv-dv
dt
If W = total work done from A to B, then

sz.dW:qu dv

= change in K.E. of body.

It states that energy can neither be created
nor can be destroyed but it can be changed
from one form of energy into another i.e.
total energy = constant.

Proof: Let a body of mass m be lying at rest
at point A ata height h above the ground. Let
it be allowed to fall freely and reaches a
point B after falling through a distance x and
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it finally hits the ground at point C. Let vand
V be its velocities at points B and C
respectively.

AB=xand BC=h-x

ﬁ‘(:)t|=1ﬂ*T A

X

B Dvy % h

(h=x)

i
AN _i

=y
z S
TTRRRRRERA A o™

T

AtpointA:u=0
KE. =0
P.E. = mgh
If E be the total energy of the body, then
E=KE.+P.E. =0+ mgh
or
E = mgh (1)
At point B: using the relation,
Vi —u? =2 as, we get
V5 —0=2gx

(.herev=v,,u=0,a=g,5s=x)

2 _
or vy =29X

K.E. :%mvé :%mx(ng) =mgx

and P.E.=mg (h-x)

E=KE. + PE. = mgx + mgh - mgx
or E=mgh ..(ii)
Atpoint C: Here,v=v,a=g s=h

Ve -0 =2gh

Ve =2gh

1 , 1

Thus K.E.:Emvc :me(Zgh):mgh
and P.E. =mg(0)

(-.- height from ground at point C = 0)

=0

E=KE. +PE =mgh+ 0=mgh

or E =mgh -..(iii)
Thus, from (i), (ii), and (iii), it is clear that total
energy at points A, B, and C is the same. It is

purely P.E. at A and purely K.E. at point C.

Assertion Reason Answer:

1.

(d) Assertion is incorrect, reason is correct.
Explanation

When frictional force is opposite to velocity,
kinetic energy will decrease.

(b) Assertion is correct, reason is correct; reason
is not a correct explanation for assertion

Explanation:

In close loop, s = 0,and so W = Fs = 0.

Case Study Answer:

1.

i. (@) commutative law

ii. (@) positive

iii. the scalar product or dot product of any two
vectors A and B, denoted as A.B (read A dot
B) is defined as
A.B =ABcos q. where q is the angle between
the two vectors. Since A, B and cos 0 are
scalars, the dot product of A and B is a scalar
quantity. Each vector, A and B, has a
direction but their scalar product does not
have a direction. Following are properties of

dot product

= the scalar product follows the
commutative law:
AB=B.A

= Scalar product obeys the distributive
law:

(B+C)=AB+AC

Further, A. (A B) = A (A.B) where A is a
real number.

= For unit vectors i, j, k we have
ixi=zjxj=kxk=1landixj=jxk=kxi=0

= AxA=|A||A]| cos 0=Az2

= B=0,if Aand B are perpendicular.

iv. The work done by the force is defined to be
the product of component of the force in the
direction of the displacement and the
magnitude of this displacement. Thus
W= (Fcos0)d=Fd
Work has only magnitude and no direction.
Its ST unit is (N m) or joule (]).
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ii.

iii.

No work is done if:
e  The displacement is zero.

e  The force is zero. A block moving on a
smooth horizontal table is not acted
upon by a Horizontal force (since there
is no friction) but may undergo a large
displacement.

e The
mutually perpendicular. This is so
since, for 8 = /2 rad Cos (t/2) =0

force and displacement are

(a) Scalar quantity
(c)All of the above
Work energy theorem: The change in
kinetic energy of a particle is equal to the
work done on it by the net force.
Mathematically

Ki-Ki=W

Where Ki and Krare respectively the initial

iv.

refers to the force and the displacement
over which it acts. Work is done by a force
on the body over a certain displacement.
Energy possessed by object due to its
motion is called as kinetic energy. Its SI unit
is N-m or Joule (J).

Kinetic energy is scalar quantity as it is a
work done and work done is scalar quantity
hence kinetic energy is also scalar quantity
and doesn’t have any direction.

The kinetic energy possessed by an object of
mass, m and moving with a uniform velocity,
vis

1 1

K==*mv*=Zvy

2 2
Kinetic energy is a scalar quantity. Having
unit, the same as that of work, that is, joule

-

0:0 0:0
and final kinetic energies of the object. Work
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System of Particles and
Rotational Motion

Introduction

Rigid body is a body with a perfectly definite and unchanging shape. The distances between all pairs of particles

of such a body do not change.

Bridge can be taken as rigid body as the distance between any The lemon is not a rigid body since we can see
two particles does not change or it is so small that it can be significant change in its shape after application
neglected of force

In pure translational motion at any instant of time all particles of the body have the same velocity.

In rotation of a rigid body about a fixed axis, every particle of the body moves in a circle, which lies in a plane
perpendicular to the axis and has its centre on the axis.

The motion of a rigid body which is not pivoted or fixed in some way is either a pure translation or a combination
of translation and rotation. The motion of a rigid body which is pivoted or fixed in some way is rotation.
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Rotational Motion

Let’s us understand this by an example. Now let us imagine a circular block going down the edge of the right-angled
triangle. Examining the location and orientation of different points on the cylindrical block will tell us something
new. The points on the cylindrical body experience something much different than the rectangular block. As shown
by the arrows in the diagram representing the velocity, each point experiences a different magnitude of velocity
in a different direction. Here the points are arranged with respect to an axis of rotation.

Rotation is what you achieve when you constrain a body and fix it along with a straight line. This means that the
body can only turn around the line, which is defined as rotational motion. A ceiling fan, a potter’s wheel, a vehicle’s
wheel are all examples of rotational motion.

Translational Motion

Let us understand translational motion with the help of examples. Let’s imagine a rectangular block placed on the
slanting edge of a right-angled triangle. If the block is assumed to slide down this edge without any side movement,
every point in the rectangular block experiences the same displacement and more importantly, the distance
between the points is also maintained.

In a pure translational motion, every point in the body experiences the same velocity be it at any instant of time.
Both the points, P1 and P2 undergo the exact same motions. A car moving in a straight line, the path of a bullet out
of a gun etc. are examples of translational motion.

Centre of mass

Centre of mass of a body or system of a particle is defined as, a point at which the whole of the mass of the body or
all the masses of a system of particle appeared to be concentrated. In physics, we can say that the centre of mass
is a point at the centre of the distribution of mass in space (also known as balance point) wherein the weighted
relative position of the distributed mass has a sum of zero. In simple words, the centre of mass is a position that is
relative to an object. We can say thatitis the average position of all the parts of the system or it is the mean location
of a distribution of mass in space. It is a point where force is usually applied that results in linear acceleration
without any angular acceleration.

When we are studying the dynamics of the motion of the system of a particle as a whole, then we need not bother

about the dynamics of individual particles of the system. But only focus on the dynamic of a unique point
corresponding to that system.

x, |

Motion of this unique point is identical to the 2 "
motion of a single particle whose mass is equal Lo -1 Center |

to the sum of all individual particles of the — X |;‘:: of mass

system and the resultant of all the forces exerted ml. A .
on all the particles of the system by surrounding _mx, + 11 A ae’
bodies (or) action of a field of force is exerted For two masses: X, = W
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directly to that particle. This point is called the centre of mass of the system of particles. The concept of centre of

mass (COM) is useful in analyzing the complicated motion of the system of objects, particularly when two and more
objects collide, or an object explodes into fragments.

Centre of Gravity

The Centre of gravity can be taken as the point through which the force of gravity acts on an object or system. It is
basically the point around which the resultant torque due to gravity forces disappears. In cases where the
gravitational field is assumed to be uniform, the centre of gravity and centre of mass will be the same. Sometimes
these two terms - the centre of gravity and centre of mass are used interchangeably as they are often said to be at
the same position or location.

System of Particles 4

The term system of particles means a well-defined collection of a large
number of particles that may or may not interact with each other or .

are connected to each other. They may be actual particles of rigid . »
bodies in translational motion. The particle which interacts with each o cm
other apply force on each other.

The force of interaction ﬁ} and E between a pair of ith and ith . O Y

particle. . .

These forces of mutual interaction between the particle of the system o
are called the internal force of the system. X

These internal forces always exist in pairs of equal magnitude and opposite directions. Other than internal forces,
external forces may also act on all or some of the particles. Here the term external force means a force that is acting
on any one particle, which is included in the system by some other body outside the system.

Rigid body

In practice, we deal with extended bodies, which may be deformable or non-deformable (or) rigid. An extended
body is also a system of an infinitely large number of particles having an infinitely small separation between them.
When a body deforms, the separation between the distance between its particles and their relative locations
changes. A rigid body is an extended object in which the separations and relative location of all of its constituent

particles remain the same under all circumstances.

Itis the average position of all the parts of the system, weighted according to their masses. For a simple rigid object
which has a uniform density, the centre of mass is located at the centroid.

Linear Momentum of a System of Particles

Linear momentum is a product of the mass (m) of an object

. . . . Sm/s Om/'s
and the velocity (v) of the object. If an object has higher *
momentum, then it harder to stop it. The formula for linear . .
momentum is p = mv. The total amount of momentum

never changes, and this property is called conservation of Ekg Skg
momentum. Let us study more about Linear momentum

and conservation of momentum.

We know that the linear momentum of the particle is
p=mv

Newton'’s second law for a single particle is given by,

F— dP

dt
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where F is the force of the particle. For ‘ n ‘ no. of particles total linear momentum is,

P=p, +p, +...+p,

each of momentum is written as myv; + myv; + ......... + m,Vv,. We know that velocity of the centre of mass is

myv.
|74 :ZIWVI s mv=Zm,.v,.
So comparing these equations we get,
P=MV

Therefore, we can say that the total linear momentum of a system of particles is equal to the product of the total

mass of the system and the velocity of its center of mass. Differentiating the above equation we get,

dP _ g dV _
=M - =MA

dv . . .

d—: is acceleration of centre of mass, MA is the force external. So,
dP _
‘at ~ Fext

This above equation is nothing but Newton’s second law to a system of particles. If the total external force acting

on the system is zero,

LA ()

Fext = 0 then, o

This means that P = constant. So, whenever the total force acting on the system of a particle is equal to zero then
the total linear momentum of the system is constant or conserved. This is nothing but the law of conservation of

total linear momentum of a system of particles.

Vector Product

Vector product (cross product) of two vectorsaand bisa x b = ab sin@ = ¢, where 0

is angle between a & b
Vector product c is perpendicular to the plane containing a and b.

If you keep your palm in direction of vector a and curl your fingers to the direction a

to b, your thumb will give you the direction of vector product c

Properties of vector product

o axb#bxa

. axb=-bxa a
. ax(b+c)=axb+axc

. axa=0, 0is called null vector i.e,, having zero magnitude

. ixjck
. xiei
. kxic]

a= axf +ayj' + aZI:’ and bxf + byj + bzl:' then their vector product is given by

i ]k
dxb= a a, a,
b, b, b,
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Angular velocity & its relation with linear velocity

Every particle of a rotating body moves in a circle. Angular

displacement of a given particle about its centre in unit time is
defined as angular velocity.

. 49
Average angular velocity = m

. de
Instantaneous angular velocity, w = o

v = w r, where v - linear velocity of particle moving in a circle of

radius r

All parts of a moving body have the same angular velocity in pure
rotation motion.

Angular velocity, w, is a vector quantity

If you curl your fingers of right hand in the sense of rotation,
thumb will give direction of angular velocity.

sense of [D

rotation
sense of

rotation

()

V=WXTr
Angular acceleration is given by rate of change of angular
velocity with respect to time.

_dw

*Tar

Torque & Angular Momentum

The rotational analogue of force is moment of force
(Torque).

If a force acts on a single particle at a point P whose position

with respect to the origin O is given by the position vector r
the moment of the force acting on the particle with respect to the origin O is defined as the vector product t =
r X F = rFsin@

Torque is vector quantity.

3}

The moment of a force vanishes if either
The magnitude of the force is zero, or
The line of action of the force (r sin@) passes through the axis. ’

Conservation of Angular Momentum £

if the total external torque on a system of particles is zero, then the
total angular momentum of the system is conserved

If text = 0, then % = 0 =>L = constant x
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Angualar Momentum of planet is conserved. L. = mvr = constant.
When close to Sun their specd will slow down.

Equilibrium of Rigid Body
A force changes the translational state of the motion of the rigid body, i.e., it changes its total linear momentum.

A torque changes the rotational state of motion of the rigid body, i.e., it changes the total angular momentum of
the body

Note: Unless stated otherwise, we shall deal with only external forces and torques.

A rigid body is said to be in mechanical equilibrium, if both its linear momentum and angular momentum are not
changing with time. This means

Total force should be zero => Translational Equilibrium

Total torque should be zero => Rotational Equilibrium

2 L2 2 L2
< >< > < >< 1
F F F
:E;I'E't B 2F Fugt = [l
T =0 = FI
net net
Rotational Equilibrium Translational Equilibrium
Lz L2
A pair of equal and opposite forces with different lines of action is known as a : b I
couple or torque. A couple produces rotation without translation. C | l:)
When you open the lid of a jar, you apply couple on it |
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An ideal lever is essentially a light rod pivoted at a point along its length. This point is called the fulcrum

The lever is a system in mechanical equilibrium.

Load arm dq d2 Effort arm

K,
Fulcrum Effort
Load

Mechanical 1 31 d,
Advantage F,

-

Mechanical advantage greater than one means that a small effort can be used to lift a large load.

Centre of Gravity

The centre of gravity of a body is that point where the total gravitational torque on the body is zero.
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The centre of gravity of the body coincides with the centre of mass in uniform gravity or gravity-free space.

If g varies from part to part of the body, then the centre of gravity and centre of mass will not coincide.

Moment of Inertia

. Moment of inertia (I) is analogue of mass in rotational
motion.

_ n 2
I—Zi=1miri

. Moment of inertia about a given axis of rotation resists a
change in its rotational motion; it can be regarded as a
measure of rotational inertia of the body.

. It is a measure of the way in which different parts of the
body are distributed at different distances from the axis.

. the moment of inertia of a rigid body depends on

. The mass of the body,

. Its shape and size
Why rolling such a huge stone is diificult than

. Distribution of mass about the axis of rotation rolling a small coin?

-, . . . . Due to stone's large moment of inertia.
. The position and orientation of the axis of rotation. i

. The radius of gyration of a body about an axis may be defined as the distance from the axis of a mass point
whose mass is equal to the mass of the whole body and whose moment of inertia is equal to the moment of
inertia of the body about the axis.

. [ = M k2, where k is radius of gyration.

Theorem of perpendicular axis

Perpendicular Axis Theorem: The moment of inertia of a planar body e

(lamina) about an axis perpendicular to its plane is equal to the sum
Planar Body

oA

of its moments of inertia about two perpendicular axes concurrent
with perpendicular axis and lying in the plane of the body.

Applicable only to planar bodies.

Theorem of parallel axis i

o 4

Parallel Axis Theorem: The moment of inertia of a body about any

axis is equal to the sum of the moment of inertia of the body about a
parallel axis passing through its centre of mass and the product of its mass and the square of the distance between
the two parallel axes.

A AN
I,.=1+Md
a
N 4
(] 0

This theorem is applicable to a body of any shape.
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Kinematics of Rotational Motion around a Fixed Axis

As we know, the rotational motion and translational motion are Az
analogous to each other in any respect. Also, the terms we use :

in rotational motion such as the angular velocity and angular (‘\
acceleration as analogous to the terms velocity and ?u

acceleration in translational motion. In that respect, we see that
the rotation of a body about a fixed axis is analogous to the H

linear motion of a body in translational motion. In this section, @
we will discuss the kinematics of a body undergoing rotational : v
motion about a fixed axis. @ 1

Dynamics of Rotational Motion about a Fixed 0
Axis

Only those components of torques, which are along the

direction of the fixed axis, need to be considered because the

component of the torque perpendicular to the axis of rotation
will tend to turn the axis from its position.

This means

We need to consider only those forces that lie in planes perpendicular to the axis. Forces which are parallel to the
axis will give torques perpendicular to the axis.

We need to consider only those components of the position vectors which are perpendicular to the axis.
Components of position vectors along the axis will result in torques perpendicular to the axis

> Work done by torque is given by: dW =1d6

> Power (instantaneous) is given by: P = (iI_Mt/ =10
- o 1. 5,
> Kinetic Energy is given by: K =510)
2
> The rate of increase of kinetic energy is =il = Io)d—(D
de\ 2 dt

(This is considering the moment of inertia does not change with time.)

2
> Since azd—m,i Ig =loo
dt dt| 2

> We know that Work Done is equal to change in Kinetic Energy, t=1Ia

> The angular acceleration is directly proportional to the applied torque and is inversely proportional to the
moment of inertia of the body.

> t=Ia can be called as Newton's second law for rotation about a fixed axis.
Linear Motion ‘ Rotational Motion about a Fixed Axis ‘
1. Displacementx Angular displacement 6
2. Velocity v=dx /dt Angular velocity ®=d0 /dt
3. Acceleration a = dv/dt Angular acceleration ao=dw /dt
4. Mass M Moment of inertia /
5. Force F=Ma Torque t=Ia
6. WorkdW=Fds Work W= td6
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7. Kinetic energy K =Mv* /2

Kinetic energy K =Io* /2

8. Power P=Fv

Power P=10

9. Linear momentum p = Mv

Angular momentum L=Iw

Angular Momentum in Case of Rotation about a Fixed Axis
> Weknow thatL=rxp

L=rx(mv)

Now,v = v=or =L=mr’* ®
> L=Iw

Conservation of angular momentum
> We know that, L _ i(I(o) =1

dt dt

> If 1., =0 then o= constant

Rolling motion

Rolling motion is a combination of rotation and translation.

'l?

Translational

All the particles on a rolling body have two kinds of velocity
. Translational, which is velocity of COM.

. Linear velocity on account of rotational motion.

Rotational
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Veom+{)R

(2)1% B) ) Veom

. Here in the figure we can see that every point have two velocities, one in the direction of velocity of COM
and other perpendicular to the line joining centre and the point.

. Point P, have opposite velocities, and if condition of no-slipping is there then it must have zero velocity, so
Veom=w R

. At point P1 both the velocities add up.

. At any other point, add both the velocities vectorially to get the resultant, which are shown for some of the
cases in red color in figure.

. The line passing through Po and parallel to w is called the instantaneous axis of rotation.
. The point Po is instantaneously at rest.
. Kinetic Energy of Rolling Motion
L4 KErolling = KEtranslation + KErotation
1., 1 5
KE:EI(X) +Emvcom
Substituting I = mk? (where k is radius of gyration) and v,,,, =R®

We get
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my s+ L et

Top Formulae

Position vector of COM of a system

R=
m, +m, +n, +....

Coordinates of COM

myx, + myX, X ..

m, +m, +

_my, tmy, tmy, e

y
my +m, +m; +....

m,z, +m,z, +m,z, +....

m, + M, + M+

Velocity of COM of a system of two
particles

~ myv, +m,V,
v =—1—21

L)

m, + m,

Equations of rotational motion

i) @ = ot

- 1 .
il) &=t + Sat

i) @, —" =2af

Centripetal acceleration 1 .,
= — =ra
”
Linear acceleration a=ra
Angular momentum L=Fxp
Torque F=ixF
Kinetic energy of rotation 1.2
= — L
Kinetic energy of translation _1 v
-2
Total kKinetic energy _ %In}g I
Angular momentum L= Iw
Torque r=Ia
Relation between torque and angular _dL
momentum A
Moment of inertia in terms of radius of kn .
. I=> mr* =MK*
gyration =
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Moment of inertia of a uniform circular || = MR®

ring about an axis passing through

the centre and perpendicular to the

plane of the ring

For a uniform circular disc | =1MR2
2

For a thin uniform rod | = erz
12

For a hollow cylinder about its axis | = MR®

For a solid cylinder about its axis | = 1 MR?
2

For a hollow sphere about its 2

. = =MR

diameter 3

For a solid sphere about its diameter | = % MR?
5

Coefficient of friction for rolling of 1

solid cylinder without slipping down - Etan 0

the rough inclined plane
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[ Class : 11th Physics \
'\\ Chapter- 7 : System of Particles and Rotational Motion /
/

+ Inertia of rotational
¢ motion, M.,
L

gemssssannsasas ssssmasannsas pessessssnsans ssssanaansnanas .
: Theorem of parallel : : Moment of Inertia of :

: axes : : some regular shaped :

. I=1_+m’* P : body 3

:Illlllllllllllllllllllllll'llllllll.: E l““:M,l,abouttheparallel E : E
E Theorem of perpendicular 3 :  axis through the centre  » E (1) Rod I = m_lz 3
- axes 5 3 of mass s - 12 5
: Tl 1 " esssssssssnssssssassnssunsd : P R T P
ST & T moments of inertia about 3 : 3 :
. perpendicular axes X,y = L)) Ring I, = mR® :
: and z respectively E . 1 mR® .
Theorems of : (3) Disc I, — mR® :

moment of Inertia : 2 :

E Idiamﬂu — E E

Equations of  ° I~y (4) Solid sphere 24

- rotational motion : a Limerer = M

2 () e=g+ at

S i I,

(i) O=aw,+ St

© (i) o)=0+2a0 Moment Frsssssssssassasssssssssanas

Sesssassssssecsasesusnsas Inertia ¢ Radius of gyration :
: Angular momentum
P lElw=mvr=rxmy : : :
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Important Questions

Multiple Choice Questions-

1.

A particle performing uniform circular motion
has angular momentum L. If its angular frequency
is doubled and its kinetic energy halved, then the
new angular momentum is

(@) L/2
(b) L/4
(2L
(d)4L
A car is moving with a speed of 108 km/hr on a
circular path of radius 500 m. Its speed is

increasing at the rate of 2 m/s. What is the
acceleration of the car?

(a) 9.8 m/s?
(b) 2.7 m/s?
(c) 3.6 m/s?
(d) 1.8 m/s?
The moment of inertia of uniform circular disc
about an axis passing its center is 6kgm?. its M.I.

about an axis perpendicular to its plane and just
touching the rim will be

(a) 18 kg m?

(b) 30 kg m?

(c) 15 kg m?

(d) 3 kg m?

A particle undergoes uniform circular motion.
About which point on the plane of the circle will

the angular momentum of the particle remain
conserved?

(a) center of the circle

(b) on the circumference of the circle
(c) inside the circle

(d) outside the circle

Two particles A and B, initially at rest, moves
towards each other under a mutual force of
attraction. At the instant when the speed of Aisu
and the speed of B is 2 u, the speed of center of
mass is,

(a) Zero

(b)u

(c)1.5u

(d)3u

10.

1.

The moment of inertia of a body about a given
axis is 1.2 kg metre?. Initially, the body is at rest.
In order to produce a rotating kinetic energy of
1500 joules, an angular acceleration of 25
radian/sec® must be applied about that axis for a
duration of

(a) 4 sec
(b) 2 sec
(c) 8 sec
(d) 10 sec

Two discs has same mass rotates about the same
axes. rl and r2 are densities of two bodies (r1 >
r2) then what is the relation between 11 and

(a)12.

(b)11>12

(c)l1<I2

(d11=12

The kinetic energy of a body is 4 joule, and its

moment of inertia is 2 kg m? then angular
momentum is

(a) 4 kg m?/sec
(b) 5 kg m?/sec
(c) 6 kg m?/sec
(d) 7 kg m?/sec
A mass is revolving in a circle which is in the

plane of the paper. The direction of angular
acceleration is

(a) Upward to the radius

(b) Towards the radius

(c) Tangential

(d) At right angle to angular velocity

By keeping moment of inertia of a body constant,
if we double the time period, then angular
momentum of body

(a) Remains constant
(b) Becomes half

(c) Doubles

(d) Quadruples

Very Short Question:

Can the geometrical centre and C.M. of a body
coincide? Give examples.

@ www.stepupacademy.ind.in

(© @stepupacademyindia

€) @stepupacademyindia

[) @stepupacademy_



150 Step Up Academy @
2. How does the M.I. change with the speed of 2. Prove that
rotation? (a) Aw = T A®
3.  Under what conditions, the torque due to an (b)P=1w.
applied force is zero?
4. s it correct to say that the C.M. of a system of n- Assertion Reason Questions:
particles is always given by average position 1. Directions: Each of these questions contain two
vectors of the constituent particles? If not, when statements, Assertion and Reason. Each of these
the statement is true? questions also has four alternative choices, only
5. Acatis able to land on her feet after a fall. Which one of which is the correct answer. You have to
principle of Physics is being used by her? select one of the codes (a), (b), (c) and (d) given
6. What is conserved when a planet revolves below.
around a star? (a) Assertion is correct, reason is correct;
7. If no external torque acts on a body, will its reason is a correct explanation for assertion.
angular velocity remain conserved? (b) Assertion is correct, reason is correct;
8. A body is rotating at a steady rate. Is a torque reason is not a correct explanation for
acting on the body? assertion
9. What s the other name for angular momentum? (c) Assertion is correct, reason is incorrect
10. Out of two spheres of equal masses, one rolls (d) Assertion is incorrect, reason is correct.
down a smooth inclined plane of height h and the Assertion: The Centre of mass of a body may lie
other is falling freely through height h. In which where there is no mass.
case, the work done is more? Reason: Centre of mass of body is a point, where
Short Questions: the whole mass of the body is supposed to be
1. What is the difference between the centre of Eeee el
gravity and C.M.? 2. Directions: Each of these questions contain two
2. There are two spheres of the same mass and statements, Assertion and Reason. Each of these
radius, one is solid, and the other is hollow. questions also has four alternative choices, only
Which of them has a larger moment of inertia one of which is the correct answer. You have to
about its diameter? select one of the codes (a), (b), (c) and (d) given
3. What shall be the effect on the length of the day if belofy
the polar ice caps of Earth melt? (a) Assertion is correct, reason is correct;
4. If only an external force can change the state of reasonisa correct explanation forassertion.
motion of the C.M. of a body, how does it happen (b) Assertion is correct, reason is correct;
that the internal force of brakes can bring a reason is not a correct explanation for
vehicle to rest? assertion
What do you understand by a rigid body? (c) Assertion is correct, reason is incorrect
6. What do you understand by a rigid body? (d) Assertion is incorrect, reason is correct.
7. Two equal and opposite forces act on a rigid Assertion: The earth is slowing down and as a
body. Under what conditions will the body (a) result the moon is coming nearer to it.
rotate, (Z>) not rotate? Reason: The angular momentum of the earth
8. (a) Why isiteasier to balance a bicycle in motion? moon system is conserved.

(b) Why spokes are fitted in the cycle wheel?

Long Questions:

1.

Discuss the rolling of a cylinder (without
slipping) down a rough inclined plane and obtain
an expression for the necessary coefficient of
friction between the cylinder and the surface.

Case Study Questions:

1.

The cross product of two vectors is given by
Vector C = A x B. The magnitude of the vector
defined from cross product of two vectors is
equal to product of magnitudes of the vectors and
sine of angle between the vectors. Direction of the
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vectors is given by right hand corkscrew rule and
is perpendicular to the plane containing the
vectors.

-~ |vector C| = AB sin 6 and Vector C = AB sin 6 n

Where, cap n is the unit vector perpendicular to
the plane containing the vectors A and B.
Following are properties of vector product

a) Cross product does not obey commutative
law. But its magnitude obeys commutative

low.

AxB#BxA=(4xB)=-(BxA4),

c) Itobeys distributive law
Ax(Exf)zAxE’+ZIxf

d) The magnitude cross product of two vectors
which are parallel is zero. Since 6 = 0.
vector |[AxB|=ABsin0°=0

e) Forperpendicular vectors, 8 =90°, vector |A
x B| = AB sin 90° |cap n| = AB

ixj=k jxk=1 kxi=j
jxi=-(xj)=-k ;kxj=-(xR)=-1 ;
ixk=-(kxi)=-J

f)  The expression for a x b can be put in a
determinant form which is easy to

remember
i j k
dxb=la, a , 4,
b, b, b,

i. If 0 is angle between two vectors, then

resultant vector is maximum when 6 is
a)o

b) 90

c) 180

d) None of these

ii. Cross product is operation performed
between

a) Two scalar numbers
b) One scalar other vector
c) 2 vectors

d) None of these

iii. Define cross product of two vectors

iv.  State right hand screw rule for finding out
direction of resultant after cross product of
two vectors.

v.  Give properties of cross product of parallel
vector.

Radius of gyration: The radius of gyration of a
body about an axis may be defined as the distance
from the axis of a mass point whose mass is equal
to the mass of the whole body and whose moment
of inertia is equal to the moment of inertia of the
body about the axis. the moment of inertia of a
rigid body analogous to mass in linear motion
and depends on the mass of the body, its shape
and size, distribution of mass about the axis of
rotation, and the position and orientation of the
axis of rotation.

Theorem of perpendicular axes

[t states that the moment of inertia of a planar
body (lamina) about an axis perpendicular to its
plane is equal to the sum of its moments of inertia
about two perpendicular axes concurrent with
perpendicular axis and lying in the plane of the
body. If we consider a planar body, An axis
perpendicular to the body through a point O is
taken as the z-axis. Two mutually perpendicular
axes lying in the plane of the body and concurrent
with z-axis, i.e., passing through O, are taken as
the x and y-axes. The theorem states that

[z=1x+1y.

Theorem of parallel axes

The moment of inertia of a body about any axis is
equal to the sum of the moment of inertia of the
body about a parallel axis passing through its
centre of mass and the product of its mass and the
square of the distance between the two parallel
axes. z and z’ are two parallel axes, separated by
a distance a. The z-axis passes through the centre
of mass O of the rigid body. Then according to the
theorem of parallel axes

Iz'= Iz + Maz

Where Iz and I." are the moments of inertia of the
body about the z and z¢ axes respectively, M is the
total mass of the body and a is the perpendicular
distance between the two parallel axes.
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i.  Slunit of radius of gyration
a) Metre (m)
b) M?
c) M3
d) None of these
ii. Moment of inertia is analogous to

a) Mass

b) Area
c) Force
d) None of these
iii. Define radius of gyration
iv. State Theorem of perpendicular axes

v.  State Theorem of parallel axes

Answer Key

Multiple Choice Answers-

© ® N s W N

—_
1

Answer: (b) L/4

Answer: (b) 2.7 m/s?

Answer: (a) 18 kg m?

Answer: (a) center of the circle
Answer: (a) Zero

Answer: (b) 2 sec

Answer: (b) 11 >12

Answer: (a) 4 kg m?/sec
Answer: (c) Tangential

Answer: (b) Becomes half

Very Short Answers:

1.

Answer: Yes, C.M. and geometrical centre may
coincide when the body has a uniform mass
density, e.g. C.M. and geometrical centre are the
same in case of a sphere, cube and cylinder etc.

Answer: M.l is not affected by the speed of
rotation of the body.

Answer:
We know that t=rF sin 6. If 6 = 0 or 180,
or

r = 0, then t = 0, r = 0 means the applied force
passes through the axis of rotation.

Answer: No, this statement is true when all the
particles of the system are of the same mass.

Answer: Principle of conservation of angular
momentum.

Answer: Angular momentum.

Answer: No, it is the angular momentum that will
be conserved.

8. Answer: No, torque is required only for
producing angular acceleration.

9. Answer: Moment of momentum.

10. Answer: Moment of momentum.

Short Questions Answers:

1. Answer: C.G.: It is the point where the whole of
the weight of the body is supposed to be
concentrated i.e. on this point, the resultant of the
gravitational force on all the particles of the body
acts.

C.M.: It is the point where the whole of the mass
of the body may be supposed to be concentrated
to describe its motion as a particle.

2. Answer: The hollow sphere shall have greater
M.I, as its entire mass is concentrated at the
boundary of the sphere which is at maximum
distance from the axis.

3. Answer: Melting of polar ice caps will produce
water spread around the Earth going farther
away from the axis of rotation that will increase
the radius of gyration and hence M.I. In order to
conserve angular momentum, the angular
velocity w shall decrease. So the length of the day

_ 2m

(T = w) shall increase.

4. Answer: The internal force of brakes converts
the rolling friction into sliding friction. When
brakes are applied, wheels stop rotating. When
they slide, the force of friction comes into play
and stops the vehicle. It is an external force.

5. Answer: A rigid body is that in which the
distance between all the constituting particles
remains fixed under the influence of external
force. A rigid body thus conserves its shape
during its motion.

@ www.stepupacademy.ind.in Q @stepupacademyindia

) @stepupacademyindia @ @stepupacademy_



@ Step Up Academy

| 153

6.

Answer:

e  The mutual forces between the particles of a
system are called internal forces.

o  The forces exerted by some external source
on the particles of the system are called
external forces.

Answer: Two equal and opposite forces acting on
a rigid body such that their lines of action don’t
coincide constitute a couple. This couple
produces a turning effect on the body. Hence the
rigid body will rotate. If the two equal and
opposite forces act in such a way that their lines
of action coincide, then the body will not rotate.

Answer:

(@) The rotating wheels of a bicycle possess
angular momentum. In the absence of an
external torque, neither the magnitude nor
the direction of angular momentum can
change. The direction of angular momentum
is along the axis of the wheel. So the bicycle
does not get tilted.

(b) The cycle wheel js constructed in such a way
so as to increase the M.I. of the wheel with
minimum possible mass, which can be
achieved by using spokes and the M.L is
increased to ensure the uniform speed.

Long Questions Answers:

1.

Answer:

Consider a solid cylinder of mass m, radius R and
M]J. I rolling down an inclined plane without
slipping as shown in the figure. The condition of
rolling down without slipping means that at each
instant of time, the point of contact P of the
cylinder with the inclined plane is momentarily
at rest and the cylinder is rotating about that as
the axis.

Let 8 = angle of inclination of the plane. The
forces acting on the cylinder are:

e The weight mg of the cylinder acting
vertically downward.

e  The force of friction F between the cylinder
and the surface of the inclined plane and
acts opposite to the direction of motion.

e  The normal reaction N due to the inclined
plane acting normally to the plane at the
point of contact. The weight W of the
cylinder can be resolved into two
rectangular components:

(a) mgcos 0 along L to the inclined plane.

(b) mgsin 6 along the inclined plane and in the
downward direction. It makes the body
move downward.

Let a = linear acceleration produced in the
cylinder,

Then according to Newton’s 2nd law of motion,
ma=mgsin6-F ... (1)
and N=mgcos 6 .... (2)

If a = angular acceleration of the cylinder about
the axis of rotation, then

T=la..(3)

Here, T is provided by F i.e.

t=FR.. (4)
-~ from (3) and (4), we get
loa=FR
or F:I_oc:i'g (ra=Ra)
R RR
Ia
:F ..(5)

.. from (1) and (5), we get

_ ino Ia
ma=mgsin——5

Ia .
or ma+F:mgsm6
I .
or a(m+Fj=mg sin @
or q=_m9 smIO
m(l +— j
mR
in@
Ol" :—g Sln] ....(6)
1+
mR*

For solid cylinder,

1=Lmr?
2
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a:gsm(ﬂzg

)

. From (5) and (6), we get

gsin0

I gsin®

—
)
mR

mgsin 6

UL (7)
)
I

_mgsin® ;1o
(1+2)

F:

F=

F =% mg sin 0 .(8)

If us be the coefficient of static friction between
the cylinder and the surface,

Then
1 .
_E_gmgsme
R =N mg cos 0
=1tan6
3

For rolling without slipping

F
—<
N SH

or %tan O<p .(9)

equation (9) is the required condition for rolling
without slipping i.e., % tan 6 should be less than

equal to ps i.e., the maximum allowed inclination
of the plane with the horizontal is given by

Bmax = tan'! (3 ps)

2. Answer:
(@) Aw =T AB
Let F = force applied on a body moving in XY
plane.
Ar = linear displacement produced in the body by
the force F in moving from P to Q.

If Aw is the small work done by the force, then by
definition of work.

Q (x + Ax, y + ay)

AW =F.Ar (1)
In component form,

F=Fi+F,j
and Ar=Axi + Ayj -(2)

. from (1) and (2), we get
AW =(Fi+F, ])-(axd +2yj)

=FAx+F Ay w(3)
Let PN 1L on X-axis & PON =6
~inrt 2d APNO,
sing=2 (4
r
and cosf=2 «(5)
r
Also in AQMO,

X+Ax=rcos(0+A0)
and y+Ay=rsin(0+A0)

As A8 is very small,i.e. AB = 0, cos AB — 1 and sin
AD — AO

X+ Ax =r(cos6 cosAB—sin0 sinAQ)
=r(cos9.1-sin0.A8)

=x—y A0
or Ax=-y A8 ..(6)
and y+Ay=r(sin6 cos AB—cos0 sinAf)

=r(sin6.1+cos 6.A8)
=y+xA0
or Ay=x A0 «(7)
. from (3), (6) and (7), we get
Aw=F, (-y A®)+F, (x AD)
=(xF,—yF,)A0
=1AO

(b) P=1tw.

We know that P=A—O)=@=ooifAt—>0
At dt

P=10.
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Assertion Reason Answer:

1. (a) Assertion is correct, reason is correct; reason
is a correct explanation for assertion.
Explanation
As the concept of Centre of mass is only
theoretical, therefore in practice no mass may lie
at the Centre of mass. For example, Centre of
mass of a uniform circular ring is at the Centre of
the ring where there is no mass.

2. (d) The earth is not slowing down. The angular
momentum of the earth - moon system is
conserved.

Explanation:

The earth is not slowing down. The angular
momentum of the earth - moon system is
conserved.

Case Study Answer:
1. Answer

@ (@0

(b) (c) 2 vectors

(c) The cross product of two vectors is given by
Vector C = A x B. The magnitude of the
vector defined from cross product of two
vectors is equal to product of magnitudes of
the vectors and sine of angle between the
vectors.
4 |vector C| = ABsin® and Vector C =
ABsin0O n. Where, cap nis the unit vector
perpendicular to the plane containing the
vectors A and B.

(d) We can find the direction of the unit vector
with the help of the right-hand rule. In this
rule, we can stretch our right hand so that
the index finger of the right hand in the
direction of the first vector and the middle
finger is in the direction of the second
vector. Then, the thumb of the right hand
indicates the direction or unit vector n.

(e) The cross product of two vectors is zero
vectors if both the vectors are parallel or
opposite to each other. Conversely, if two
vectors are parallel or opposite to each
other, then their product is a zero vector.
Two vectors have the same sense of
direction. 6 = 900 As we know, sin 0° = 0 and
sin90°=1

Xx¥ =[%] |F]sin0®
)?x17=|)?|‘|?|x0
Hence, the cross product of the parallel

vectors becomes XxY =0, which is a unit

vector.
Answer
i.  (a) Metre (m)
ii. (c)Mass

iii. Radius of gyration: The radius of gyration
ofabody about an axis may be defined as the
distance from the axis of a mass point whose
mass is equal to the mass of the whole body
and whose moment of inertia is equal to the
moment of inertia of the body about the axis.

iv. Theorem of perpendicular axes
It states that the moment of inertia of a
planar body (lamina) about an axis
perpendicular to its plane is equal to the
sum of its moments of inertia about two
perpendicular axes concurrent with
perpendicular axis and lying in the plane of
the body. If we consider a planar body, an
axis perpendicular to the body through a
point O is taken as the z-axis. Two mutually
perpendicular axes lying in the plane of the
body and concurrent with z-axis, i.e., passing
through O, are taken as the x and y-axes. The
theorem states that

Iz=Ix+1y

v. The moment of inertia of a body about any
axis is equal to the sum of the moment of
inertia of the body about a parallel axis
passing through its centre of mass and the
product of its mass and the square of the
distance between the two parallel axes. z
and z’ are two parallel axes, separated by a
distance a. The z-axis passes through the
centre of mass O of the rigid body. Then
according to the theorem of parallel axes

Iz= I, + Ma2
Where I;and I." are the moments of inertia
of the body about the z and z¢ axes
respectively, M is the total mass of the body
and a is the perpendicular distance between
the two parallel axes.

o e 1 %o o%e
XxY =|X|-|¥|sin0
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Gravitation 8

Gravitation

When we talk about gravitation or gravity it is a naturally occurring phenomenon or a force which exists among
all material objects in the universe.

Whenever we throw an object towards the sky it will fall back onto the ground.

For Example: - A ball comes down when thrown up. Rain drops fall towards the ground; Planets revolve in an

elliptical orbit around sun etc.

—_ Neptune

Uranus

/////\
-t /’\O\\\\

Eath \ \ \ Venus
\ Mercury
} sun

Planets revolving in the elliptical orbit.

Rain drops falling on the earth.
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There is a force due to which all things are attracted towards the earth. This

force is known as Gravitation.

Gravitation is the force of attraction between all masses in the universe,
especially the force of attraction exerted by the earth on all the bodies near its
surface.

In this chapter we will take a look at gravitation force, its laws, and we will also
study about the planetary motion.

Gravitational Constant and Universal Law of Gravitation

We know that the universal law of gravitation was put forth by Sir Isaac Newton
in 1687.1tis one of the most important laws of physics. Let us know more about

Newton'’s universal law of gravitation and gravitational constant. Leaves fall off the tree.

Universal Law of Gravitation

According to Newton'’s Universal Law of Gravitation, the force exerted between two objects by each other is given
by the following relation.
F, oc mm,

g rZ

where g is the gravitational force between two bodies, m1 is the mass of one object, mz is the mass of the second
object and r is the distance between the centres of two objects.

Gravitational Constant
The actual force exerted between two bodies can be given by the following equation

m; -m

_ 1%
Fo=G—>
r

where G is the universal gravitational constant with a value (G = 6.674 x 10-11 N - (m/kg)*{2}). G here is an
empirical constant of proportionality.

Whatis interesting here is that, even though it is Newton’s Universal Law of Gravitation, the value of G wasn’t given
by him. This was calculated by Henry Cavendish in 1798 through a series of experiments and observations. The
influence of the earth’s core on the experiments is hypothesised to alter its rotational inertia, because of which the
value of G given is not always constant throughout the globe.

Another theory regarding the universal gravitational constant (fun fact: it is also referred to as Big G) is that, if it
is true that the universe is expanding since the Big Bang, then the value of G will keep decreasing!

The universal gravitational constant is used in Newton’s Universal Law of Gravitation, Einstein’s General Theory
of Relativity and also Kepler’s Third Law of Planetary Motion to calculate the time period of a planet to complete
one full revolution in its orbit.

Acceleration due to gravity of the earth
Acceleration attained due to gravity of earth.

All the objects fall towards the earth because of gravitational pull of the
earth.

And when a body is falling freely, it will have some velocity and therefore it
will attain some acceleration. This acceleration is known as acceleration

due to gravity.

It is a vector quantity.

Denoted by ‘g’

Its value is 9.8m/s2. Stones falling from rock
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Example: Stones falling from a rock will have some velocity because of which some acceleration. This acceleration

is due to the force exerted by the earth on the rocks. This is known as acceleration due to gravity.

Expression for Acceleration due to gravity

body of mass m

Consider any object of mass ‘m’ at a point A on the

surface of the earth.

h
The force of gravity between the body and earth can be st

calculated as:

F=GmM, /R (1) where Larth Surface
m = mass of the body
M. = mass of the earth

Re = distance between the body the earth is
same as the radius of the earth

Newton’s Second law states that

F=ma (2)

Comparing the equations (1) and (2)
F=m(GmM, /R?)

(GmMe /R?) is same as g (acceleration due to gravity)

Therefore, the expression for Acceleration due to gravity.

g=GM, /R’

Acceleration due to gravity below the surface of earth

To calculate acceleration due to gravity below the surface of the earth (between the surface and centre of the
earth).

Density of the earth is constant throughout. Therefore,
p=M, /(4/3T1R?) equation (1)
where
Me = mass of the earth
Volume of sphere =4 /311 Rg
Re = radius of the earth
As entire mass is concentrated at the centre of the earth.
Therefore, density can be written as
p=M, /(4/3T1R?) equation (2)
Comparing equation (1) and (2)
M, /M, =R’ /R where R, =(R, —d)®
d = distance of the body form the centre to the surface of the earth

depth d below the earth surface
Therefore, P .

M, /M, =R}/(R,—d)’
M, =M,(R,—d)’ / R} from equation (3)

To calculate Gravitational force (F) between earth and point mass m at a
depth d below the surface of the earth.
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Above figure shows the value of g at a depth d. In this case only the smaller sphere of radius (Re-d) contributes to g.

F=GmM, /(R, —d)*
g=F/m
where g = acceleration due to gravity at point d below the surface of the earth.
g=GM, / (R, —dY’
Putting the value of M;s from equation (3)
=GM,(R, ~dY’ / R(R, ~d}’
=GM,(R,~d)/ R}
We know g=GM, /R® equation (4)
g(d)=GM, /R;(1-d /R,)
From equation (4)

g(d)=g(1-d/R,)

Acceleration due to gravity above the surface of earth

To calculate the value of acceleration due to gravity of a point
. Point P above the Earth Surface

mass m at a height h above the surface of the earth.

Height h above the Earth surface
Above figure shows the value of acceleration due to gravity g at

a height h above the surface of the earth. ,
Radius of the EarthR.

Force of gravitation between the object and the earth will be

F=GmM, /(R, +h)*
Centre of the Earth O
where

m = mass of the object

Re = radius of the earth
g(h)=F /m=GM, / (R, +h)’ =GM, /[R;(1+h/R,)’]
h << Re (as radius of the earth is very large)

By calculating we will get,
9(M=g(1-2h/R,)

The value of acceleration due to gravity varies on the surface, above the surface and below the surface of the earth.

Inertial and Gravitational Mass

Inertial mass is a mass parameter giving the inertial resistance to acceleration of the body when responding to all
types of force. Gravitational mass is determined by the strength of the gravitational force experienced by the body

when in the gravitational field g.
Inertial Mass: - Inertial mass is defined as the mass of body by virtue of inertia of mass.
By Newton’s Law F=ma

F . . - . .
m=- where m= inertial mass (as it is because of inertia of a body)

Gravitational Mass: -Gravitational mass is defined as the mass of the body by virtue of the gravitational force

exerted by the earth.
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By Gravitation Force of attraction

where

_ emM

M = mass of the object
F = force of attraction exerted by the earth
R = distance between object and earth

M = mass of the earth

Experimentally, Inertial mass = Gravitational mass

Gravitational Potential Energy

e  Potential energy is due to the virtue of position of the object.

e  Gravitational Potential Energy is due to the potential energy of a body
arising out of the force of gravity.

e  Considera particle which is ata point P above the surface of earth and when
it falls on the surface of earth at position Q, the particle is changing its
position because of force of gravity.

e  The change in potential energy from position P to Q is same as the work
done by the gravity.

e Itdepends on the height above the ground and mass of the body. Stationary roller-coaster

Expression for Gravitational Potential Energy

Casel:-

Case2:-

‘g’ is constant.
Consider an object of mass ‘m’ at point A on the surface of earth.
Work done will be given as:
Wsa = F X displacement where F = gravitational force exerted towards the earth)
=mg (hz- hi1) (body is brought from position A to B)
= mghz - mgh:
Wag=Va-Vs

where

Va=potential energy at point A

Vs = potential energy at point B

From above equation we can say that the work done in moving the particle is just the difference of
potential energy between its final and initial positions.

‘g’ is not constant.
Calculate Work done in lifting a particle from r = r1 to r = r2 (r2> r1) along a vertical path,
We will get, W=V (r2) - V (r1)
In general the gravitational potential energy at a distance ‘1’ is given by :
where
V(r) = potential energy at distance ‘r’
Vo = At this point gravitational potential energy is zero.

Gravitational potential energy is o« to the mass of the particle.
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Gravitational Potential

Gravitational Potential is defined as the potential energy of a particle of unit mass at that point due to the
gravitational force exerted byearth.

Gravitational potential energy of a unit mass is known as gravitational potential.

Mathematically:

GM

Gpotential = — —
potential R

Planetary Motion

Ptolemy was the first scientist who studied the planetary .
motion. v ~ v N
He gave geocentric model. It means all the planets, stars and g \ ) ¥
sun revolve around the earth and earth is at the centre. ' @ '

Heliocentric model was proposed by some Indian | X\

astronomers.

P
- . -

According to which all planets revolve around the sun. s

Nicholas proposed the Nicholas Copernicus model according  Geocentric Heliocentric
to which all planets move in circles around the sun. Centre Centre

After Nicholas one more scientist named Tycho Brahe did lot
of observations on planets.

Finally came Johannes Kepler who used Tycho Brahe observations, and he gave Kepler’s 3 laws of Gravitation.

These 3 laws became the basis of Newton’s Universal law of Gravitation.

Kepler’s 1st Law: Law of Orbits B
Statement: The orbit of every planet is an ellipse around the sun with sun
at one of the two foci of ellipse. b

5

P ' SR
Whenever a planet revolves around sun it traces an ellipse around the sun. @
C

The closest point is P and the farthest point is A, P is called the perihelion

and A the aphelion. The semi major axis is half the distance AP. e Sl CY m——

Kepler’s 1st law Vs. Copernicus Model

According to Copernicus planets move in circular motion whereas according to Kepler planets revolve in elliptical
orbit around the sun.

Copernicus model is based on one special case because circle is a special case of ellipse whereas Kepler’s laws
aremore of ageneral form.

Kepler’s law also tells us about the orbits which planets follow.

To Show ellipse is a special form of Circle
Select two points F1 and Fo.
Take a piece of string and fix its ends at F1 and Fo.

Stretch the string taut with the help of a pencil and then draw a curve by moving the pencil keeping the string taut
throughout. Fig. (a).

The resulting closed curve is an ellipse. For any point T on the ellipse, the sum of distances from F1 and F: is a
constant. F1, F2 are called the foci.

Join the points F1 and Fz and extend the line to intersect the ellipse at points P and A as shown in Fig. (a).

The centre point of the line PA is the centre of the ellipse O and the length PO = AO, which is also known as the
semimajor axis of the ellipse.
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For a circle, the two foci merge onto one and the semi-major axis becomes the &
radius of the circle. ,5 /
:'.\\
A string has its ends fixed at F1 and F2. The tip of the pencil holds the string taut —>%;
e o \
and is moved around and we will get an ellipse. //:' TX

P\ Fs °© R /A
Kepler’s 2nd law: Law of Areas k /

Statement: The line that joins a planet to the sun sweeps out equal areas in

equal intervals of time.

Area covered by the planet while revolving around the sun will be equal in equal intervals of time. This means the
rate of change of area with time is constant.

Suppose position and momentum of planet is denoted by ‘r’ and ‘p’ and the time taken will be At.
AA = %xrvat (where vAt is distance travelled by a planet in At time.)

A4 1 .
a¢ =z ) @ P1

where P2

(Linear momentum) p=mv or we can write as

=2m(r x p)

1L .
=5;m where L= angular momentum (It is constant for any

central force)

P: At Pa

44 , .
- - constant (This means equal areas are covered in equal

intervals of time).

Kepler’s 3rdLaw: Law of periods
Statement:
According to this law the square of time period of a planet is « to the cube of the semi-major axis of its orbit.

Suppose earth is revolving around the sun then the square of the time period (time taken to complete one
revolution around sun) is « to the cube of the semi major axis.

It is known as Law of Periods as it is dependent on the time period of planets.
Derivation of 3rd Law: assumption: The path of the planet is circular.

Let m=mass of planet

M= mass of sun

According to Newton’s Law of Gravitation:

where,
Fc =centripetal force which helps the planet to move around sun in elliptical order.
F= Fc

GMm _ mv?

-— = —— where r=radius of the circle
T r

GM _ 2
M= w2 (1)
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_an
V=47

Squaring both the sides the above equation

v? = 4nm?*r?/T?

putting the value (1)
GM
— =4 mr?/T?
r
T2 = (4 2 r3/GM) where (4 2/GM) = constant

T2 = r3 (In ellipse semi-major axis is same as radius of the circle)

Escape Velocity
Escape velocity is the minimum velocity that a body must attain to escape the
gravitational field of the earth.

Suppose if we throw a ball, it will fall back. This is happening due to the force
of gravitation exerted on the ball by the surface of the earth due to which the
ball is attracted towards the surface of the earth.

If we increase the velocity to such an extent that the object which is thrown up
will never fall back. This velocity is known as escape velocity.

Ball is thrown up but it falls down because of force of gravitation.

The same ball is thrown with a velocity that it escapes the force of gravitation
of earth and does not come back. This velocity is known as escape velocity.

Mathematically:

Suppose we throw a ball and the initial velocity of the ball is equal to the
escape velocity such that ball never comes back.

Final Position will be infinity.
At Final Position: At Infinity
Total Energy (o0 ) = Kinetic Energy (o ) + Potential Energy (o)

Kinetic Energy () = %mvjzc

where vr= final velocity
Potential Energy () =-GMm/r + Vo
where M =mass of the earch
m = mass of the ball
Vo = potential energy at surface of earth,
r = oo r = distance from the centre of the earth.

Therefore: Potential Energy () =0
Total Energy () = %mvjzc (D

At initial position:

E. = Emvlz

E=-GMm/(Re+ h) + Vo
where h= height of the ball from the surface of the earth.
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Total Energy (initial) = %mvi2 - GMm/(Re + h) (2)

According to law of conservation of energy
Total Energy () = Total Energy (initial)

1 5, 1 5
—mvs;==mv;-GMm/(Re + h
My =5mvi /( )

As L.H.S. = positive

%mv,? =-GMm/(Re +h) > 0

%mv,? = GMm/(R. + h)

By calculating

V2 =2GM / (R, +h)
Assume Ball is thrown from earth surface h <<R..
This implies Re + h is same as Re as we can neglect h.

Therefore, vi2 =2GM /(R,)

or v, =,/(2GM / R,)

This is the initial velocity with which if the ball is thrown it will never fall back on the earth surface.
In terms of ‘g’
g =GM/Ré?

Escape velocity can be written as
V, =\29R,

Earth Satellites

Any object revolving around the earth.

Natural Satellite
Satellite created by nature.

Example: - Moon is the only natural satellite of earth.

Earth Satellite Natural Satellite

Artificial Satellites:
Human built objects orbiting the earth for practical uses. There are several purposes which these satellites serve.

Example:- Practical Uses of Artificial satellites
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Communication
Television broadcasts
Weather observation \\\
Military support
Navigation

Scientific research

Determining the Time Period of Earth Satellite

Time taken by the satellite to complete one rotation around the
earth.

7.

As satellites move in circular orbits there will be centripetal force \
acting on it.

mvz .
F. = ——Itis towards the centre.
Re+h

Where,
H = distance of satellite forms the earth

Fc = centripetal force
GmM,

Fo=——"
7 (R, + h)?

Where,
Fg = Gravitation force
M = mass of the satellite
Me = mass of the earth
Fe=Fq
mv* /R, +h=GmM, /(R, +h)*
v =GM, /R, +h

v=JGM, /R, +h (1)

This is the velocity with which satellite revolve around the earth.
The satellite covers distance = 2 i (Re + h) with velocity v.

T=2TI(R, +h)/v

2T1(R,+h)/\[GM, /R, +h From (1)
T=2T1(R, +h)*? / JcM,

Special Case:-

h<< Re (satellite is very near to the surface of the earth)
Then T =2T1,[R} /GM,
After calculating
T=2I1\R, /g
Energy of an orbiting satellite
m= mass of the satellite, v=velocity of the satellite

1
E.= -mv?
2
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=1 m (GMe/R. + h) by using (1)

E = %GMme /(R,+h)

E=-GMem/(Re + h)
Total Energy = K.E. + P.E.

GMm, / (R, +h) + -GMem/(Re + h)

N -

E.= GM.m/2 (Re + h)
P.E. =2 xKE.

Total energy is negative. This means the satellite cannot escape from the earth’s gravity.

Geostationary Satellite:

Geo means earth and stationary means at rest. This means
something which is stationary.

Satellites orbiting around the Earth in equatorial plane with time
period equal to 24 hours.

Appear to be stationary with respect to earth. They also rotate
around earth with time period of 24 hours.

These satellites can receive telecommunication signals and

broadcast them back to a wide area on earth.

Example: INSAT group of satellites.

Polar Satellites
These are low altitude satellites. This means they orbit around earth at lower heights. 7\

They orbit around the earth in North-South direction. Whereas earth is moving from East to
West.

A camera is fixed above this type of satellite so they can view small strips of earth.

As earth also moves, so at each instance different types of stripes of earth can be viewed.

Adjacent stripes of earth are viewed in subsequent orbits.
They are useful in remote sensing, meteorology and environmental studies of the earth.

In the above image we can see that the orbit of polar satellites is from north to south direction.

Weightlessness

Weightlessness is a condition of free fall, in which the effect of gravity is cancelled by the
inertial (e.g., centrifugal) force resulting from orbital flight. There is no force of gravity acting
on the objects.

It is the condition in which body does not feel its weight at all.

When an apple falls from a tree it won’t feel its weight. This condition experienced by anybody
while in free-fall is known as weightlessness.

Examples: -When we throw an object from the top of building, the object experiences free fall,
that is the object is not under any force. This is weightlessness.
Weightlessness in the orbital motion of satellites

e In case of a satellite that is rotating around the earth.

e  There is an acceleration which is acting towards the centre of the Earth.
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o This acceleration is known as centripetal acceleration (ac).

e  There is also earth’s acceleration which is balancing this centripetal acceleration.

g = ac they are equal in magnitude and they are balancing each other.

e Inside the satellites there is no acceleration which means everything is moving with uniform velocity.

¢ Inside an orbiting satellite weightlessness is experienced.

Top Formulae

Newton’s law of gravitation

F= Grnlm2 ,
|.2
G=6.67 x 107" Nm’/kg”

Acceleration due to gravity

GM 4
-2 - ZiGR
9="5 =37GRp

Variation of g

(a) Altitude (height) effect

h)?
' = 1+—
o oftsD)
If h << R, then
[, 2h
= 1-—
w=o(1-2)
(b) Effect of depth
d
"=l1-=
o=(1-9)
Intensity of gravitatinnal field : GM , .
Eg - ?{—r]

For the Earth, E; =g =9.86 m/s’

Gravitational potential Vg = - jr E dr
For points outside (r >R),
- GM
Vg = r
For points inside it, r <R
3RZ 2|
V, = —GM' _—
g 2R3 J
Change in potential energy in AUy = mgh ifh << R,
going to a height h above the
surface mgh

In general, AU, =

(1)
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Orbital velocity of a satellite mvﬁ GMm

’GM
Vg = Rih “r=h+R

Ifh <<Rv, = % - JoR =8 km/ sec.

Velocity of projection Loss of KE = (Gain in PE
1 5  gMm GMm
2 __{R+h}_[_ R
Y2
-4
2GMh | 2gh 2
vpz[— = ~~GM = gR?|
RR+h)| 1.0 | |
R
Period of revolution onr 27(R+ h]3£2
T = = -
Vi R
2.3
Dr Tz - 411: I
GM
3/2
fth<<R T=2R_"_1lpr
RJ_ 2
Kinetic energy of a satellite KE = GMm _ lmvz
2r
Potential energy of a satellite U= GMm
r
Binding energy of a satellite _ 1 GMm
2

Escape velocity 2GM BrnGd
Ve = —_— = .\rligR =R
‘J 3

Effective weight in a satellite w=0
Satellite behaves like a freely falling body.

Kepler's laws for planetary (a) Elliptical orbit with the Sun at one focus
motion (b) Areal velocity constant dA/dt = constant
(€) TP o 1% r=(ry+rz)f 2
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- \\<
i/ Class : 11th Physics \I
\\ Chapter- 8 : Gravitation /i
o ——— ——s . — — — e
Geostationary satellite b g Polar satellite . e :
Height from surface of earth= : : Height from earth’s surface : : Escape speed vy, =+/ 2GM/R :
36000km Radius of orbit = i : = 880km E - \/Z—R :
42,400km : i Timeperiod =84min  : : $
Time periods = 24 hours Orbital velocity = 7.92km/s : : Earth s vesc = 11.2km/s
i Orbital velocity = 3.1km/fs  +, Feeeereresssssssssstesninenine 3
| S ty.&_.‘“«\ j  Orbitals speed Yrb= gR = vTe
Weightlessness P —\‘Vf' Total Energy of a satellite
During free fall under gravity * Heavenly :
inside a spacecraft or satellite : object that : E =KE +P.E
* a body is weightless i.e., effective : revolves e (GMm\ { - GMm\ _ 1 GMﬂ
: weight becomes zero. around a SR T 2 F :
- SRR e M R LS - Plal‘et R e AR S S SR S S P

one focus.

- Gravitational potential /,,»/ oy

Gravitational fiald and gesssssassasessessensanssssassassnsaasy
potential : Kepler's Law-of planetary
- Gravitational field Intensity m : motion
: (i) Law of Orbit: Every planet
I= G'Z" : revolves around the Sun in an
g \ : elliptical orbit and Sun is at its

\ (i) Law of Area: The radius vector

v o workdone _ —Gm y g / drawn from the Sun to a planet

g mass r \ Gravitation ‘ sweeps out equal areas in equal

( 4 intervals of time.
. / dA L
Gravitational Potential Energy R S 2 = Conatanit
~GMm dt 2m
U =
K

(iii) Law of Periods: T4a’
where, a = length of

PrssnssnsssnsnnsEnunnn R

Newton's

amssssssassassssssssssnssnnssss " semi.majoraxis

: Acceleration possessed by : universal low
i anobject during free fall : of Gravitation

E due to earth’s gravitationa' S EsssesussmsssssasssssssssasEssssessssnannsnnnn
: pull, : : When two mass bodies are separted by
: _GM, : : adistance, they experience an attractive
: §° : force which is directly proportional to

- .

the product of their masses and
inversaly proportional to the square of
their separation.

Variation in acceleration due to
gravity (g)

2h
(i) with height g'=sﬁ-ﬂ'
ie.g decreaseswithheigt:t

PP =CMM G _6.67x10M Nnfkg?
H r

() with depth 8':8(1—--3—), g ...........'....................j........................._
E : Characteristics of gravitational force 5

Le. g decreases with depth : (i) Weakest force in Nature.

(iii) with rotation of earth about its own axis % (ii) Central as well as conservative. :
g=g-Ro?cos? i, : (iii) Always attractive in nature. :
Atpoles, A= 90', g maximum §(iv) Applicable for all bodies irrespective of their ~ :

At equator, 3 = (', g minimum : shape, size and position.
Sesvensuneneie N e e e -
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Important Questions

Multiple Choice Questions-

1.

A body is projected vertically from the surface of
the earth of radius R with velocity equal to half of
the escape velocity. The maximum height
reached by the body is

(AR

(b)R/2

(c)R/3

(d)R/4

When the planet comes nearer the sun moves
(a) fast

(b) slow

(c) constant at every point

(d) none of the above

Keplers second law regarding constancy of arial
velocity of a planet is a consequence of the law of

conservation of

(a) energy

(b) angular momentum
() linear momentum
(d) none of these

The escape velocity for a body projected
vertically upwards from the surface of the earth
is 11km/s. If the body is projected at an angle of

45° with the vertical, the escape velocity will be
(@) 11 /V2 km/s

(b) 11V2 km/s

(c) 2km/s

(d) 11 km/s

The radii of the earth and the moon are in the
ratio 10 : 1 while acceleration due to gravity on
the earths surface and moons surface are in the

ratio 6 : 1. The ratio of escape velocities from

earths surface to that of moon surface is
()10:1

(b)6:1

(c)1.66:1

(d)7.74:1

10.

1.

The escape velocity of a body from the surface of
the earth is v. It is given a velocity twice this
velocity on the surface of the earth. What will be
its velocity at infinity?

(@)v

(b) 2v

(c)V2v

(d) V3v

The period of geostationary artificial satellite is
(a) 24 hours

(b) 6 hours

(c) 12 hours

(d) 48 hours

If the radius of the earth were to shrink by 1% its
mass remaining the same, the acceleration due to
gravity on the earths surface would

(a) decrease by 2%

(b) remain unchanged
(c) increase by 2%

(d) will increase by 9.8%

The mean radius of the earth is R, its angular
speed on its own axis is w and the acceleration
due to gravity at earth’s surface is g. The cube of
the radius of the orbit of a geo-stationary satellite
will be

(@)r’g/w

(b) R*w? / g

(c) RG w?

() R*%g/w*

If escape velocity from the earth’s surface is 11.2
km/sec. then escape velocity from a planet of
mass same as that of earth but radius one fourth
as that of earth is

(a) 11.2 km/sec
(b) 22.4 km/sec
(c) 5.65 km/sec
(d) 44.8 km/sec

Very Short:

What velocity will you give to a donkey and what
velocity to a monkey so that both escape the
gravitational field of Earth?
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10.

How does Earth retain most of the atmosphere?

Earth is continuously pulling the moon towards
its center. Why does not then, the moon falls on
the Earth?

Which is greater out of the following:

(a) The attraction of Earth for 5 kg of copper.

(b) The attraction of 5 kg copper for Earth?
Where does a body weigh more - at the surface of
Earth or in a mine?

How is it that we learn more about the shape of
Earth by studying the motion of an artificial
satellite than by studying the motion of the
moon?

If the Earth is regarded as a hollow sphere, then
what is the weight of an object below the surface
of Earth?

What is the formula for escape velocity in terms
of gand R?

What is the orbital period of revolution of an
artificial satellite revolving in a geostationary
orbit?

Can we determine the mass of a satellite by
measuring its time period?

Short Questions:

1.

Explain how the weight of the body varies en
route from the Earth to the moon. Would its mass
change?

Among the known type of forces in nature, the
gravitational force js the weakest. Why then does
it play a dominant role in the motion of bodies on
the terrestrial, astronomical, and cosmological
scale?

Show that the average life span of humans on a
planet in terms of its natural years is 25 planet
years if the average span of life on Earth is taken
to be 70 years.

Hydrogen escapes faster from the Earth than
oxygen. Why?

In a spaceship moving in a gravity-free region, the
astronaut will not be able to distinguish between
up and down. Explain why?

Why the space rockets are generally launched

from west to east?

Explain why the weight of a body becomes zero
at the centre of Earth.

8.

We cannot move even our little fingers without
disturbing the whole universe. Explain why.

Long Questions:

1.

(a) Derive the expression for the orbital velocity
of an artificial Earth’s satellite. Also, derive
its value for an orbit near Earth’s surface.

(b) Derive the expression for escape velocity of
a body from the surface of Earth and show
that it v/2 times the orbital velocity close to
the surface of the Earth. Derive its value for
Earth.

(a) Explain Newton’s law of gravitation.

(b) Define gravitational field intensity. Derive
its expression at a point at a distance x from
the center of Earth. How is it related to
acceleration due to gravity?

Discuss the variation of acceleration due to
gravity with:

(a) Altitude or height

(b) Depth

(c) Latitude i.e. due to rotation of Earth.

Assertion Reason Questions:

1.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Assertion is correct, reason is correct;

reason is a correct explanation for assertion.

(b) Assertion
reason is not a correct explanation for

is correct, reason is correct;

assertion
(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct.

Assertion: Gravitational potential of earth at
every place on it is negative.

Reason: Everybody on earth is bound by the
attraction of earth.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.
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(a) Assertion is correct, reason is correct;
reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct;
reason is not a correct explanation for
assertion

(c) Assertion is correct, reason is incorrect

(d) Assertion is incorrect, reason is correct.

Assertion: Planets appear to move slower when
they are farther from the sun than when they
are nearer.

Reason: All planets move in elliptical orbits with
sun at one of the foci of the ellipse.

Answer Key

Multiple Choice Answers-

© 0 N o 1ok W N

—_
1

Answer: (c) R/3

Answer: (a) fast

Answer: (b) angular momentum
Answer: (d) 11 km/s

Answer: (d) 7.74: 1

Answer: (d) V3v

Answer: (a) 24 hours

Answer: (c) increase by 2%
Answer: (d) R%g / w?

Answer: (b) 22.4 km/sec

Very Short Answers:

1.

10.

Answer: We will give them the same velocity as
escape velocity is independent of the mass of the
body.

Answer: Due to force of gravity.

Answer: The gravitational force between the
Earth and the moon provides the necessary
centripetal force to the moon to move around the
Earth. This centripetal force avoids the moon to
fall onto the Earth.

Answer: Same.

Answer: At the surface of Earth, a body weighs

more.

Answer: This is because an artificial satellite is

closer to the Earth than Moon.

Answer: Zero.

Answer: Ve =,/2gR.
Answer: Itis 24 hours.

Answer: Yes.

Short Questions Answers:

1.

Answer: When a body is taken from Earth to the
moon, then its weight slowly decreases to zero

and then increases till it becomes %th of the

weight of the body on the surface of the moon.
We know that mgh = mg (1 - %h)

As h increases, gh, and hence mgh, decreases.
When R = g the force of attraction of Earth is
equal to the force of attraction of the moon.

Then gh = 0, so mg becomes zero, and the value

) L1 .
of g on the moon’s surface is Eth of its value on the

surface of Earth. Hence on increasing h beyond g,

mg starts increasing due to the gravity of the
moon. f ts mass remains constant.

Answer: Electrical forces are stronger than
gravitational forces for a given distance, but they
can be attractive as well as repulsive, unlike
gravitational force which is always attractive. As
a consequence, the forces between massive
neutral bodies are predominantly gravitational
and hence play a dominant role at long distances.
The strong nuclear forces dominate only over a
range of distances of the order of 1014 m to 10-1°
m.

Answer: Take the distance between Earth and
Sun twice the distance between Earth and planet.
According to Kepler’s third law of planetary

34

where Te, Tr is the average life span on Earth and

motion,

planet respectively.

Rg = distance between Earth and Sun.
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Rp = distance between Earth and planet. d 3
9a=91-—= .(ii)
Here, Re = 2Ry R
R, At the centre of Earth, d = R,
or <=2
R, R
94=9|1 R
T, =70years
T, =? =g(1-1)=gx0=0
, From Eqn. (i) W = 0 at the center of Earth.
£ :(2)3 i.e, g decreased with depth and hence becomes
Tp zero at the center of Earth, so W = 0 at Earth’s
ter.
T , center
or T =(2) Answer: According to Newton’s law of
) gravitation, every particle of this universe
or T I, 70 70 70 attracts every other particle with a force that is
p

@ 7 B 22
N7

:35x7 =17.5x1.414

=24.75~ 25 planet years.

Answer: The thermal speed of hydrogen is much
larger than oxygen. Therefore, a large number of
hydrogen molecules are able to acquire escape
velocity than that of oxygen molecules. Hence
hydrogen escapes faster from the Earth than
oxygen.

Answer: The upward and downward sense is
due to the gravitational force of attraction
between the body and the earth. In a spaceship,
the gravitational force is counterbalanced by the
centripetal force needed by the satellite to move
around the Earth in a circular orbit. Hence in the
absence of zero force, the astronaut will not be
able to distinguish between up and down.

Answer: Since the Earth revolves from west to
east around the Sun, so when the rocket is
launched from west to east, the relative velocity
of the rocket = launching velocity of rocket +
linear velocity of Earth. Thus the velocity of the
rocket increases which helps it to rise without
much consumption of the fuel. Also, the linear
velocity of Earth is maximum in the equatorial
plane.

Answer: We know that the weight of a body at a
place below Earth’s surface is given by

W =mgd - (i)
Where gd = acceleration due to gravity at a place
at a depth ‘d’ below Earth’s surface and is given

inversely proportional to the square of the
distance between them. When we move our
fingers, the distance between the particle’s
changes, and hence the force of attraction
changes which in turn disturbs the whole
universe.

Long Questions Answers:

Answer:
1. Letm = mass of the satellite.
M, R = mass and radius of Earth.

h = height of the satellite above the surface
of Earth.

r =radius of the robot of the satellite
=R+h.

vo = orbital velocity of the satellite.

The centripetal force mTVg required by the

satellite to move in a circular orbit is proved
by the gravitational force between satellite
and the Earth.

T

@ www.stepupacademy.ind.in

(© @stepupacademyindia

€) @stepupacademyindia () @stepupacademy_



174 |

Step Up Academy @

’ GM .
or vy = 2T ()

Also we know that

_GM
v

or GM = gR2

3 g ..
=R R+1) (1)

GM

Also =
Gy (R+h)?

..(ii)

from (i) and (iii), we get

Vo =0 (R+ 1)

If the satellite is close to the earth’s surface,
thenh=0

-~ from (if), vy =y/gR
Putting,
g=9.8ms?,R=6.38x10°m

Vy =V9.8x6.38x10° =7.9kms*
g
Yo =VIR =R\

GM
“\Ren =\9gn(R+h)

Escape velocity is the minimum velocity
with which a body is projected from Earth’s
surface so as to just escape its gravitational
pull or of any other planet. It is denoted by

Ve.
Expression: Consider the earth to be a
homogenous sphere of radius R, mass M,
center O, and density p.

Let m = mass of the body projected from

point A on the surface of Earth with vel. ve.
~ K.E. of the body at point
A=§mve2 ....(i)

Let it reaches a point P at a distance x from
0. If F be the gravitational force of attraction
on the body at P, then

...(ii)
Let it further moves to Q by a distance dx.

If dW be the work done in moving from P to
Q, then

dW =Fdx = GMZ’" dx ..(ii)
X

If w be the total work done in moving the
body from A to oo,

Then

W= jx’zdx = GMm[—l}
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A X g
=—GMm[l—l} =—GMm(0—lj
o R R
GMm .
=— = iV
R (iv)
~ According to the law of conservation of
energy
K.E.=RE
1 5, GMm
or —-mv, =——
2 R
2GM
or vV, =,— eV
e v)
GM
Also g:?
2
v, = 2gR
R
or v, =+J2gR (VD)
Also M:%RR3p
2G 4 3 8
v, =,|—-=7R’p =, |=7G
= = S
for earth
R=6.38x10°m
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g=9.8ms™ His famous narration of the apple falling

from the tree and noticing every other
object fall towards Earth led to the
Ve=\/2><9-8><6-38><106 announcement of his famous law of

gravitation about 50 years later in his book

.. from (vi),

=11.2 kms!
‘Principia’.
Relation between ve and vo: Also we know

. . Out of the known forces in nature, the
that the orbital velocity around Earth close
. L Gravitational force is the weakest, yet it is
to its surface is given )
the most apparent one as it acts for long

by vo=./gR distances and between objects which are
and  Ve= \/m =2 \/g_R visible to us. The law of gravitation has been

used to determine the mass of heavenly

=V2vo bodies. It has been used to study the
Hence proved. atmosphere of planets. Man-made satellites

2. Answer: remain in the orbits due to gravitation.
(a) We know that Newton’s law of gravitation is (b) The gravitational field intensity at a point is

expressed mathematically as: defined as the force acting on a unit mass

placed at that point in the field.

Gmym,
F= 2 Thus, the gravitational field intensity is
given by:
Gmm, .
or in vector form F =%r E=F
r m

where f = unit vector along F Now at distance x from the centre of Earth,

th itational f i
It was found that law is equally applicable B N, o

anywhere in the universe between small F=GMm)?
2
and big objects like stars and galaxies. The X
value of G remains the same everywhere. e F _GMm)A(_GM)A(
(Some scientists have claimed that as the m X x*
size of the object under consideration GM
becomes big like a galaxy, the value of G also [E]= ¥
changes). Hence this law of Newton is also M
called Newton’s universal law of gravitation. or E =7
The force of attraction is called the force of
On Earth

gravitation or gravitational force. This force
. . . . F  Force .
is only attractive and is never repulsive. The E=—= =acceleration

m mass
force is both ways i.e., particle 1 attracts
particle 2 and so does particle 2 attracts E:£:g

m

particle 1.
Hence Fiz = - Fa1 So, the intensity of the gravitational field at
the surface of Earth is equal to the

The law is a direct outcome of the study of . .
acceleration due to gravity.

acceleration of bodies. Newton wondered
3. Answer:
how Moon revolves around the Earth or

other planets revolve around the Sun. His Let M, R be the mass and radius of the earth with

calculations showed that the Moon is centre 0.
accelerated by the same amount as does any g = acceleration due to gravity at a point
other object towards the Earth. An on Earth’s surface.
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GM .
4 53
where M =§nR p

Also, let M’ = mass of Earth ata depth d, then

M'=§n (R—dY’p

. _ 3
(a) Variation of g with height: Let gOh be the T g—EgnR P
acceleration due to gravity at a point B at a 4
height h above the earth’s surface =§nGpR (i)
GM
:? ~(1) Similarl __GM
y Y (R_d)z
and g :ﬂz w(2) 4
(R+h) =§nGp(R—d) (i)
(2) . Ih R 1
- gjves, == = R-d d
( & g (R+h) h\? Ga _K-d_, @
1+— g R R
d ,
Y2 or 9a=9 I_E (V)
or g=9|1 +E

From equation (iv), we see that acceleration

Ifh << R, then using Binomial Expansion, we due to gravity decreases with depth.

get Special case: At the centre of Earth, d =R
2h g—
pei1-2)
Hence an object at the centre of Earth is in a
—g _2gh (3) state of weightlessness.
R (c) Variation of g with latitude:

Thus, from Eqn. (3), we conclude that Let m = mass of a particle at a place P of

acceleration due to gravity decreases with

latitude X.
height. .
w = angular speed of Earth about axis NS.
(b) With depth: Let the Earth be a uniform K
sphere. mre?
c——pHo
e
180°-x
(L -
2 mg'
0O 1
S

As the earth rotates about the NS axis, the

Let gd = acceleration due to gravity at a
& gravity particle at P also rotates and describes a

depth d below earth’s surface i.e., at point B.
p p horizontal circle of radius r,

Let p = density of Earth of M.
et p = density of karth ot mass wherer=PC=0PcosA, =R cos A
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Let g’ be the acceleration due to gravity at P
when the rotation of Earth is taken into
account. Now due to the rotation of the
earth, two forces that act on the particle at P
are:

Its weight mg, acting along with PO.
Centrifugal force mroo2 along PO’

~ The angle between them = 180 - A

~ According to the parallelogram law of

vector addition

mg'= \/ (mg)* +(mra’)? +2(mg)(mro’)cos(180°—1)

= \/ngz +mPrie® —2m’ gro? cosi

2 4 2
or g’:g\/1+rg(;) _ro cos® A

g

0s

2

g 9

2
=g /1—2R(D cos® L
g
2

Ro” | 1 '
[As — isverysmall | =—— | soits square
g 289

J o*R*cos’).  2Rw*
=g,/1+ - c

and higher powers are neglected.]

1
2 2
9= [1 EPLLE l]
9

Using binomial expansion, we get

2

(1 2R
9=9-7

g'=g—Ro’cos* A

x g cos® kJ

=g decreases with the rotation of the

earth.

Atpoles,L=90° .g"=g,=g

At equator, A =0, g':g—Rco2 cos?

= g decreases with the rotation of the earth.
Atpoles,A=90° g =gy=¢g
Atequator,A=0, g’ = ge = g- Rw2

Clearly gp > ge.

Assertion Reason Answer:

1.

(a) Assertion is correct, reason is correct; reason
is a correct explanation for assertion.
Explanation:

Because gravitational force is always attractive in

is bound by this
gravitational force of attraction of earth.

nature, and everybody

(b) Assertion is correct, reason is correct; reason
is not a correct explanation for assertion.

Explanation:

Both assertion and reason are true, but reason is
not correct explanation of the assertion.

Case Study Questions-

1.

If a stone is thrown by hand, we see it falls back
to the earth. Of course using machines we can
shoot an object with much greater speeds and
with greater and greater initial speed, the object
scales higher and higher heights. A natural query
that arises in our mind is the following: can we
throw an object with such high initial speeds that
it does not fall back to the earth ? Thus minimum
speed required to throw object to infinity away
from earth’s gravitational field is called escape
velocity.

Ve=,/2gT

Where g is acceleration due to gravity and r is
radius of earth and after solving ve11.2 km/s.
This is called the escape speed, sometimes
loosely called the escape velocity. This applies
equally well to an object thrown from the surface
of the moon with g replaced by the acceleration
due to Moon’s gravity on its surface and r
replaced by the radius of the moon. Both are
smaller than their values on earth and the escape
speed for the moon turns out to be 2.3 km/s,
about five times smaller. This is the reason that
moon has no atmosphere. Gas molecules if
formed on the surface of the moon having
velocities larger than this will escape the
gravitational pull of the moon. Earth satellites are
objects which revolve around the earth. Their
motion is very similar to the motion of planets
around the Sun and hence Kepler’s laws of
planetary motion are equally applicable to them.
In particular, their orbits around the earth are
circular or ellipticc. Moon is the only natural
satellite of the earth with a near circular orbit
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with a time period of approximately 27.3 days
which is also roughly equal to the rotational
period of the moon about its own axis.

i.  Time period of moon is

a. 27.3days
b. 20 days
c. 85days

d. None of these

ii. Escape velocity from earth is given by

a. 20km/s
b. 11.2km/s
c. 2km/s

d. None of these
iii. Define escape velocity. Give its formula
iv. Why moon don’t Have any atmosphere?

v. What is satellite? Which law governs
them?

Satellites in a circular orbits around the earth in
the equatorial plane with T = 24 hours are called
Geostationary Satellites. Clearly, since the earth
rotates with the same period, the satellite would
appear fixed from any point on earth. It takes
very powerful rockets to throw up a satellite to
such large heights above the earth but this has
been done in view of the several benefits of many
Thus
broadcast from an antenna can be received at

practical applications. radio waves
points far away where the direct wave fails to
reach on account of the curvature of the earth.
Waves used in television broadcast or other
forms of communication have much higher
frequencies and thus cannot be received beyond
the line of sight. A Geostationery satellite,
appearing fixed above the broadcasting station
can however receive these signals and broadcast
them back to a wide area on earth. The INSAT
group of satellites sent up by India is one such
group of geostationary satellites widely used for
telecommunications in India. Another class of
satellites is called the Polar satellites. These are
low altitude (500 to 800 km) satellites, but they
go around the poles of the earth in a north-south
direction whereas the earth rotates around its
axis in an east-west direction. Since its time
period is around 100 minutes it crosses any

altitude many times a day. However, since its

height h above the earth is about 500-800 km, a
camera fixed on it can view only small strips of
the earth in one orbit. Adjacent strips are viewed
in the next orbit, so that in effect the whole earth
can be viewed strip by strip during the entire day.
These satellites can view polar and equatorial
regions. at close distances with good resolution.
Information gathered from such satellites is
extremely useful for remote sensing, meterology
as well as for environmental studies of the earth.
i.  Time period of geospatial satellite is

a. 24 hours

b. 48 hours

c.  72hours

d. None of these

ii. Polar satellites are approximately

revolving at height of
a. 500 to 800km

b. 1500 to 2000 km
c. 3000 to 4000 km
d. None of these

iii. Which satellite used to view polar and
equatorial regions?

iv. Write note on polar satellites

v. Write a note on geostationary satellite.
Give its applications.

Case Study Answer-

1.

Answer
i. (a)27.3days
ii. (b) 500 to 800km

iii. Polar satellites are used to view polar and
equatorial regions as they rotate on poles of
earth.

iv.  The escape speed for the moon turns out to
be 2.3 km/s, about five times smaller than
that of earth. Therefore all atmospheric gas
can go easily out of atmosphere of moon.
This is the reason that moon has no
atmosphere.

v. Earth satellites are objects which revolve
around the earth. Their motion is very
similar to the motion of planets around the
Sun and hence Kepler’s laws of planetary
motion are equally applicable to them.
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2.

Answer

i.

ii.

il

iv.

(a) 24 hours
(a) Pascal’s law

Polar satellites are used to view polar and
equatorial regions as they rotate on poles of
earth.

Polar satellites are low altitude (500 to 800
km) satellites, but they go around the poles
of the earth in a north-south direction. Since
its time period is around 100 minutes it
crosses any altitude many times a day.
Information gathered from such satellites is

extremely useful for remote sensing,
meterology as well as for environmental
studies of the earth.

Satellites in circular orbits around the earth
in the equatorial plane with time period
same as earth are called Geostationary
Satellites.

Applications: Radio waves  broadcast.
Satellites widely used for
telecommunications in India. GPS system,
navigation system, defence etc.

*
*

.0 0.0
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Mechanical
Properties of Solids

Elastic Behaviour of Solids

Elastic Behavior of Solids - What happens to a rubber band when you
stretch it and let go? It deforms but regains its original nature when Elastic BehaVIOI' of SOIIdS

you stop applying a force. But say, you take an aluminium rod and try
to bend it using your arm strength. You somehow do manage to bend

it alittle and then stop applying force. Does the rod regain its original
shape? of course not. It is referred to as the Elastic Behavior of Solids

What happens to a rubber band when you stretch it and let go? It
deforms but regains its original nature when you stop applying force.
But suppose you try to bend an aluminium rod using your arm
strength. You somehow do manage to bend it a little and then stop
applying force. Does the rod regain its original shape? Of course not.

This difference in the behaviour of the materials is based on their

elastic and plastic nature. The rubber band has high elasticity. Elasticity is the ability of a body to resist any
permanent changes to it when stress is applied. The body regains its original shape and size when stress
application ceases.

All materials have an elastic limit beyond which, if continuous stress is applied, they will start losing their ability
to exhibit perfect elastic behaviour and start deforming. In contrast, plastic deformation is the non-reversible
deformation of solid materials on the application of forces.

Important Points on Elastic Behaviour of Solids

An elastic body is one that regains its original shape and size when deforming forces are removed.

A plastic body is one that succumbs to deforming forces (however small) and cannot return to its original shape
and size.

Elasticity is the property of a body to regain its original shape and size when deforming forces are removed. It
exhibits an opposition to change.

Elasticity

This difference in the behaviour of the material is based on their elastic and plastic nature. The rubber band has
high elasticity. Elasticity is the ability of a body to resist any permanent changes to it when stress is applied. the
body regains its original shape and size when stress application ceases.

Difference Between Elasticity and Plasticity

All materials have an elastic limit beyond which, if continuous stress is applied, they will start losing their ability
to exhibit perfect elastic behaviour and start deforming. In contrast, plasticity is the non-reversible deformation
of solid materials on the application of forces.

Looking at the elasticity in the atomic level, solids are made of atoms (or molecules). They are surrounded by other
such atoms which are held in a state of equilibrium by interatomic forces. When an external force is applied these
particles are displaced, resulting in the deformation of the solid. When the application of the deforming force is
stopped, interatomic forces drive the atoms to regain their state of equilibrium.
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The concept of elasticity is an idealization as no material is perfectly elastic. For example, if you use a hair tie to
groom yourself, you may have noticed that its size tends to deform after prolonged use. After a point, it may snap
as well. This is because the hair tie eventually loses its elastic nature.

Stress

Stress is defined as the ratio of the internal force F, produced when the substance is deformed, to the area A over
which this force acts. In equilibrium, this force is equal in magnitude to the externally applied force. In other words,

Stress is of two types:

(i) Normal stress: It is defined as the restoring force per unit area perpendicular to the surface of the body.
Normal stress is of two types: tensile stress and compressive stress.

(ii) Tangential stress: When the elastic restoring force or deforming force acts parallel to the surface area, the
stress is called tangential stress.

Strain

It is defined as the ratio of the change in size or shape to the original size or shape. It has no dimensions; it is just

a number.

Strain is of three types:

(i) Longitudinal strain: If the deforming force produces a change in length alone, the strain produced in the body
is called longitudinal strain or tensile strain. It is given as:

L

A

v

(ii) Volumetric strain: If the deforming force produces a change in volume alone, the strain produced in the body
is called volumetric strain. It is given as:

, b
P4¢e—F : —r—>P
s £y I
o on
71 ——= b

(iii) Shear strain: The angle tilt caused in the body due to tangential stress expressed is called shear strain. It is

given as:

Shear Strain

& www.stepupacademy.ind.in (%) @stepupacademyindia €) @stepupacademyindia [E) @stepupacademy_



182 | Step Up Academy @

The maximum stress to which the body can regain its original status on the removal of the deforming force is called

elastic limit.

Hooke’s Law

Hooke’s law states that, within elastic limits, the ratio of stress to the corresponding strain produced is a constant.

This constant is called the modulus of elasticity. Thus

HOOKES LAW

Stress Strain Curve

Stress strain curves are useful to understand the tensile strength of a given material. The given figure shows a

stress-strain curve of a given metal.

STRESS STRAIN CURVE

Stress 4
(0) | Elastic region Plastic region
Ultimate
Yield Eienes
strength Fracture
Maximum
allowable —{ — — -@ Proportional limit
stress
Young’s _ _O1_
modulus ¢,
&
_ Strain
~ (8

e  The curve from O to A is linear. In this region Hooke’s Proportional limit law is obeyed.

e Intheregion from A to 6 stress and strain are not . proportional. Still, the body regains its original dimension,
once the load is removed.

e  Point B in the curve is yield point or elastic limit and the corresponding stress is known as yield strength of
the material.
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e  The curve beyond B shows the region of plastic deformation.

e  The point D on the curve shows the tensile strength of the material. Beyond this point, additional strain leads
to fracture, in the given material.
Young’s Modulus

For a solid, in the form of a wire or a thin rod, Young’s modulus of elasticity within elastic limit is defined as the
ratio of longitudinal stress to longitudinal strain. It is given as:

Stress
N Ultimate Strength
— Fracture
e [N I
5 Yield Strength
£ I
S !
o modulus of toughness
g |
3
$ |
€ vouncie tiodue - STRESS |
oung’s Modulus = ——————
g STRAIN |
N .
7 Strain
0
Bulk Modulus

Within elastic limit the bulk modulus is defined as the ratio of longitudinal stress and volumetric strain. It is given
as:

A II: Volume V,

)
E — * Volume
\\F\Z:"" R & Vo—AV
Fr—» | || <&—F

IS 4 !

-ve indicates that the volume variation and pressure variation always negate each other.

Reciprocal of bulk modulus is commonly referred to as the “compressibility”. It is defined as the fractional change
in volume per unit change in pressure.

Shear Modulus or Modulus of Rigidity

It is defined as the ratio of the tangential stress to the shear strain.
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Modulus of rigidity is given by

Shear Modulus
Modulus of Rigidity
The shear modulus is the shear stiffness of a material.

G=2

_FA_ FH

Y Ax/lT AAx
F

It is the ratio of shear stress to shear strain.

Poisson’s Ratio

The ratio of change in diameter (AD) to the original
diameter (D) is called lateral strain. The ratio of change in
length (Al) to the original length (1) is called longitudinal
strain. The ratio of lateral strain to the longitudinal strain
is called Poisson’s ratio.

Elastic Fatigue

It is the property of an elastic body by virtue of which its
behaviour becomes less elastic under the action of
repeated alternating deforming forces.

Relations between Elastic Moduli

oky

Poisson's ratio n= 8Ey / 3Ex

For isotropic materials (i.e., materials having the same properties in all directions), only two of the three elastic

constants are independent. For example, Young’s modulus can be expressed in terms of the bulk and shear moduli.

4 o, | MPa|

Equivalent stress amplitude, M

Basguin's rule for PA=30%
survival probability

Ultimate stress F

_f_,,/"

Low cyele fatigue
Elastic-plastic strain

High cyele fatigue,
Predominantly elastic sirain

Yield stress fJ'J_

Acquired 5-N line for PA=505 survival
probability

Wery high eycle Tatigue,
Predommantly clastic stram

-
F

Mumber of stress eyveles, In(ng)
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Breaking Stress

The ultimate tensile strength of a material is the stress required to break a wire or a rod by pulling on it. The
breaking stress of the material is the maximum stress which a material can withstand. Beyond this point breakage
occurs.

Force
Formula used:
Area
Complete step-by-step solution -
The formula for breaking stress is given as
B King St Force
reaking Stress =
g Area

Breaking stress checks for metals determine how long a single alloy is stretched until it reaches its maximum
tensile strength and how much metal can be loaded until structural stability is lost. Therefore, it is a very important
concept in material science and for safety considerations.

Breaking stress is also known as the ultimate tensile stress or breaking strength.

Tensile stress is the stress state induced by the load being applied that appears to elongate the material in the
load-axis, that is, the force generated by the material being tensioned. The power of equivalent cross-sectional
structures charged with voltage is independent of the nature of the cross-section.

Note- Breaking stress is a limit state of tensile stress that leads to tensile failure in one of two manners: Ductile
failure - Some yield as the first stage of failure, some hardening in the second stage and breakage after a possible
"neck" formation. Brittle failure - It is defined as the abrupt breaking of the material into two or more pieces at a
low stress state.

Bulk Modulus
Bulk modulus is the ratio of hydraulic stress to the corresponding hydraulic strain.
Denoted by ‘B’

14
Where p = hydraulic stress, % = hydraulic strain
(-) ive signs show that the increase in pressure results in decrease in volume.
S.I. Unit: N/m?2 or Pascal (Pa)

B(solids) > B(liquids) > B(gases)

Compressibility
Compressibility is the measure of compression of a substance.

Reciprocal of bulk modulus is termed as ‘Compressibility’.

Mathematically:
1 1\ (AV
k=3=-G) )
It is denoted by ‘K’
k(solids) < k(liquids) < k(gases)
Hydraulic Stress y J’.‘ =
Hydraulic stress is the restoring force per unit area when force is applied &

by a fluid on the body.
For example:

Consider a rubber ball and if it is dipped in the pond. Due to the pressure
of water from all directions force acts on the ball as a result, the ball

seems to be slightly contracted.

Ball under the water
Because of the force exerted by the water there is restoring force which
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develops in the ball which is equal in magnitude to the force applied by the water but in opposite direction.

This type of stress is known as hydraulic stress.

Top Formulae

Normal stress

S = Fl/a, where a = ar?

Longitudinal strain

Al

f

Young’s modulus

- tensile stress  F/A EL_U
tensile strain  AL/L, A AL

Breaking force

= breaking stress x area of cross-section

Volumetric strain AV
N2
Bulk modulus B Bulk stress ___ A ApV,
Bulk strain AV/V, AV
Shearing strain AL _ 0
L

Shear modulus

_ Shear stress i FIA _ Fh
Shear strain  x/h Ax

Modulus of rigidity

F

ao

Elastic potential energy of a stretched
wire

=(1/2) x stress x strain x volume
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/ | Class : 11th Physics \

'\ Chapter- 9 : Mechanical Properties of Solids /

i : Elastic potential energy :
. . ) Laternal strain (f) Ad/d: H Elastic potential energy in a stretched :
*Peision’s ratio(o) = —— - = : H .
. Longitudinal strain (@) Al/] * G i g i B
: : wire=7Xstress X strain X volume of the wire :

Value of o lies between 0 and 0.5 . H :

Elasticity

: Property of material by
: virtue of which it

: regains it original shape
: &size after the removal :
of deforming force

Mechanical
Properties of
Solids

Types
(i) Longitudinal stress

_ Deforming force applied normal
Area

(ii) Volumetric stress

=9
=2

<

_ Force Changing Volume _ £
Area

(iii) Shearing area or tangential
stress

Relation between Y,B,n&o
@) Y=3B(1-20)
P oG) Y=2n(l+o)
. 3B-2
E (i) o= 211-&(5;I
3
=0

|

L L L L L LT T T e

Within the elastic limit, stress is
directly proportional to strain.
i.e., stress o strain

_ Tangential Force
Area

e
4

LT

Stress
Restoring
force per unit
area

Types of Modulus of
Elasticity

ETTTTT T )
.
LT L LR

-
(]

[~

w
g
i

« LGy
-

A

T T, L R PR e A

Young's Modulus
Young's modulus of elasticity

Strain
Ratio of change in
configuration to original

y _ longitudinal stress F/A
longitudinal strain [/ Al
_FAl_ Mgl

Modulus of Rigidity
Rigidity or shear modulus of elasticity

Al ozl tangential stress configuration
srsssssssssssssEssssssEsnsnnannnnet = shearing strain Strain changein configuration
F original configuration

RS EAEEESAEERRNR ARy
Tsassnsssansssnnnnnnnnwat

PR L

Bulk Modulus
Bulk modulus or volume modulus of elasticity

B= hydraulicstress

volume strain

Types

(i) Longitudinal strain -<hanseinlength Al
original length 1,

(i)  Volumetric strain & = changeinvolume _ AV,

B= = compressibility original volume ¥,

_ap 1
A7
v

(iii) ~Shearing strain=angular displacement of the
plane perpendicular to the fixed surface = 0

ARSEEREssAssEsEsssssEs
Jesssssssssansansnnunnnn

~
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Important Questions

Multiple Choice Questions-

1.

The ratio of the change in dimension at right
angles to the applied force to the initial
dimension is known as

(a) Youngs modulus

(b) Poissions ratio

(c) Lateral strain

(d) Shearing strain

Hookes law essentially defines
(a) Stress

(b) Strain

(c) Yield point

(d) Elastic limit

Theoretical value of Poissions ratio lies between
(@)-1to 0.5

(b)-1to-2

(c)05t01

(d) None

A wire suspended vertically from one of its ends
is stretched by attaching a weight of 100N to its
lower end. What is the elastic potential energy
stored in the wire, if the weight stretches the wire
by 1.5 mm?

(@) 5x102]

(b) 107]

(c)2.5x103]

(d)7.5x102]

An iron bar of length I m and cross section A m?
is pulled by a force of F Newton from both ends

so as to produce and elongation in meters. Which
of the following statement statements is correct?

(a) Elongation is inversely proportional to
length 1

(b) Elongation is directly proportional to cross

section A

(c) Elongation is inversely proportional to A

(d)

Elongation is
Youngs modulus

directly proportional to

temperature?
(a) Copper
(b) Invar steel
(c) Brass

(d) Silver

10.

Longitudinal strain is possible in the case of
(a) Gases

(b) Liquid

(c) Only solids

(d) Only gases & liquids

Two wires A and B are of the same length. The
diameters are in the ratio 1 : 2 and the Youngs
modulus are in ratio 2 : 1. if they are pulled by the
same force, then their elongations will be in ratio

(@4:1
(b)1:4
(c)1:2
(d)2:1
A body of mass 500 g is fastened to one end of a
steel wire of length 2 m and area of cross-section
2 mm?. if the breaking stress of he wire is 1.25 x
107 N/m?, then the maximum angular velocity

with which the body can be rotated in a
horizontal circle is

(a) 2rad/s

(b) 3rad/s

(c)4rad/s

(d) 5rad/s

If a material is heated and annealed, then its
elasticity is

(a) Increased

(b) Decreased

(c) Not change

(d) Becomes zero

Very Short:

1.

2
3.
4

Give an example of pure shear.

What is an elastomer?

What is breaking stress?

What is the:

(a) value of modulus of rigidity of a liquid?
(b) order of strain within the elastic limit?

A wire is stretched to double its length. What is
the value of longitudinal strain?

Mention a situation where the restoring force is
not equal and opposite to the applied force.
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7.
8.

9.

10.

What is a Cantilever?

A wire is suspended from a roof but no weight is

attached to the wire. Is the wire under stress?
Why strain has no units?

What is Poisson’s ratio?

Short Questions:

1.

What are the factors due to which three states of

matter differ from one’s Other?

When we stretch a wire, we have to perform
work Why? What happens to the energy given to

the wire in this process?

Why are the bridges declared unsafe after long
use?

Why are the springs made of steel and not of
copper?

A heavy machine is to be installed in a factory. To
absorb vibrations of the machine, a block of
rubber is placed between the machinery and the
floor. Which of the two rubbers (A) and (B) of
Figure would you prefer to use for this purpose?
Why?

Rubber (A)

—>Stress

Rubber (8)

Strain —» Strpin S

Metal wires after being heavily loaded dop’\
regain their lengths completely explain why?
Explain. Why spring balances show wrong
readings after they have been, Used for a long
time?

Elasticity is said to be the internal property of

matter. Explain.

Long Questions:

1.

(a) Derive the expression for the orbital velocity
of an artificial Earth’s satellite. Also, derive

its value for an orbit near Earth’s surface.

(b) Derive the expression for escape velocity of

a body from the surface of Earth and show

that it v/2 times the orbital velocity close to
the surface of the Earth. Derive its value for
Earth.

(a) Explain Newton’s law of gravitation.

(b) Define gravitational field intensity. Derive
its expression at a point at a distance x from
the center of Earth. How is it related to

acceleration due to gravity?
Discuss the variation of acceleration due to
gravity with:
(a) Altitude or height
(b) Depth

(c) Latitude i.e. due to rotation of Earth.

Assertion Reason Questions:

Directions:

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the

assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the

assertion.
(c) Ifassertion is true but reason is false.
(d) Ifthe assertion and reason both are false.
Assertion: Steel is more elastic than rubber.

Reason: Under given deforming force, steel is

deformed less than rubber.
Directions:

(a) Ifbothassertionand reason are true and the
reason is the correct explanation of the

assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the

assertion.
(c) Ifassertion is true but reason is false.
(d) Ifthe assertion and reason both are false.

Assertion: Glassy solids have sharp melting

point.

Reason: The bonds between the atoms of glassy

solids get broken at the same temperature.
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Answer Key

Multiple Choice Answers-

vk oo

© © N o

Answer: (c) Lateral strain
Answer: (d) Elastic limit
Answer: (a) -1to 0.5
Answer: (d) 7.5 x 102]

Answer: (c) Elongation is inversely proportional
toA

Answer: (b) Invar steel
Answer: (c) Only solids
Answer: (d)2:1
Answer: (d) 5 rad/s

Answer: (b) Decreased

Very Short Answers:

1.

10.

Answer: The twisting of a cylinder produces
pure shear.

Answer: It is a substance that can be elastically
stretched to large values t of strain.

Answer: It is defined as the ratio of maximum
load to which the wire is < subjected to the
original cross-sectional area.

Answer:

(a) zero.

(b) 103 cm per cm = 103 cm/cm.

Answer: Unity.

Answer: This happens when the body is
deformed beyond the elastic limit.

Answer: It is a beam loaded at one end and free
at the other end.

Answer: Yes, the weight of the wire itself acts as
the deforming force.

Answer: As it is the ratio of two similar
quantities.

Answer: It is the ratio of lateral strain to linear
strain.

Short Questions Answers:

1.

Answer:
Three states of-matter differ from each other due
to the following two factors:

(@) The different magnitudes of tester atomic
and intermolecular forces.

(b) The degree of random thermal motion of the
atoms and molecules of a substance
depends upon the temperature.

Answer: In a normal situation, the atoms of a
solid are at the locations of minimum potential
energy. When we stretch a wire, the work has to
be done against interatomic forces. This work is
stored in the wire in the form of elastic potential
energy.

Answer: A bridge during its use undergoes
alternative strains a large number of times each
day, depending upon the movement of vehicles
on it. When a bridge is used for a long time it loses
its elastic strength, due to which the number of
strains in the bridge for given stress will become
large and ultimately the bridge may collapse.
Thus, !» to avoid this, the bridges are declared
unsafe after long use.

Answer: Spring will be a better one if a large
restoring force is set up in it on being deformed,
which in turn depends upon the elasticity of the
material of the spring. Since Young’s modulus of
elasticity of steel is more than that of copper,
hence steel is preferred in making the springs.

Answer: The area of this hysteresis loop
measures the amount of heat energy dissipated
by the material. Since the area of the loop B is
more than that of A, therefore B can absorb more
vibrations than that of Av Hence B is preferred.

Answer: A material regains its original
Configuration (length, shape dr volume) only
when the deforming force is within the elastic
limit. Beyond the elastic limit, the bodies lose the
property of elasticity and hence don’t completely
regain the length of being heavily loaded.

Answer: When spring balances are used for a
long time, they get fatigued. So the springs of such
balances will take time to recover their original
configuration. Hence the readings shown by such
spring balances will be wrong.

Answer: When a deforming force acts on a body,
the atoms of the substances get displaced from
their original positions. Due to this the
configuration of the matter (substance) changes.
The moment, the deforming force is removed, the
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atoms return to their original positions and
hence the substance or matter regains its original
configuration. Hence elasticity is said to be the
internal property of matter.

Long Questions Answers:

Answer:

(a) The following factors affect the elasticity of
a material:

e Effect of hammering and rolling: It
causes a decrease in the plasticity of
the material due to break-up of crystal
grains into smaller units and hence -
the elasticity of the material increases.

o  Effect of Annealing: Annealing results
in the increases in the plasticity of the
material due to, the formation of large
crystal grains. Hence the elasticity of
the material decreases.

o  Effect of the presence of impurities:
The effect of the presence of impurities
in a material can be both ways i.e. it can
increase as well as decrease the
elasticity r of the material. The type of
effect depends upon the nature of the

impurity present in the material.

o  Effect of temperature: The increase in
the temperature of the material in most
cases causes a decrease in the elasticity
of the material. The elasticity of invar
does not change with the change of
temperature.

(b) Poisson’s Ratio (¢): Within elastic limits, it
is defined; as the ratio of lateral strain (f8) to

the linear strain i.e.

(c) Breaking Load: It is defined as the product
of the breaking stress and area of cross-
section of the given object. It is also called
maximum load a body (cable/ wire) can

support

i.e, breaking load = Breaking stress x area of
It should be noted that

breaking stress is a constant for the given

cross-section.

material.

Answer:

LetL, Abe the length and area of the cross-section

of the wire.

Also, let ] be the extension produced on applying

a force F, then

using the relation,

Stress
Y= —, we get
Strain
yE/A_FL )
/L Al
where Y = Young’s modulus.
Now when F=Tiand1=L1-L.
Then Y =L —(2)
AL -L)
andwhen F=T,and[=L,-L,
Then Y= L w(3)
AL, ~L)
.. From (2) and (3), we get
L  TL
AL —L) AL,~L)
or T(L ~L)=Ty(L - L)
or (T, -T)L=T,L, ~T,L,
o L _LL ~TL,
L-T

Assertion Reason Answer:

1.

(a) If both assertion and reason are true and the

reason is the correct explanation of the assertion.
Explanation:

Elasticity is a measure of tendency of the body to
regain its original configuration. As steel is
deformed less than rubber therefore steel is

more elastic than rubber.
(d) If the assertion and reason both are false.
Explanation:

In a glassy solid (i.e, amorphous solid) the
various bonds between the atoms or ions or
molecules of a solid are not equally strong.
Different bonds are broken at different
temperatures. Hence there is no sharp melting

point for a glassy solid.
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Case Study Questions-

1.

The pressure of the atmosphere at any point is
equal to the weight of a column of air of unit
cross-sectional area extending from that point to
the top of the atmosphere. At sea level, itis 1.013
x 105Pa (1 atm). Italian scientist Evangelista
Torricelli (1608-1647) devised for the first time
a method for measuring atmospheric pressure.

P =pa+pgh

Where r is the density of mercury and h is the of
the mercury column in the tube In the
experiment it is found that the mercury column
in the barometer has a height of about 76 cm at
sea level equivalent to one atmosphere (1 atm).
This can also be obtained using the value of r. A
common way of stating pressure is in terms of cm
or mm of mercury (Hg). A pressure equivalent of
1 mm is called a torr (after Torricelli). 1 torr =
133 Pa. The mm of Hg and torr are used in
medicine and physiology. In meteorology, a
common unit is the bar and millibar.1 bar =
105 Pa. An open tube manometer is a useful
instrument for measuring pressure differences.

i. ~ Who gave for the first time a method for
measuring atmospheric pressure?

a. Newton
b. Pascal

c. Torricelli

d. None of the above

ii. 1 torrisequalto

a. 1000 pa
b. 133 pa
c. 50pa

d. None of these
ili. Whatis 1 torr? Where it is used?

iv.  Which device is used for measurement of
pressure difference?

v. Whatis atmospheric pressure?

Whenever external pressure is applied on any
part of a fluid contained in a vessel, it is
transmitted undiminished and equally in all
directions. This is another form of the Pascal’s
law and it has many applications in daily life. A
number of devices, such as hydraulic lift and
hydraulic brakes, are based on the Pascal’s law. In
these devices, fluids are used for transmitting
pressure. Fluid flow is a complex phenomenon.

Bernoulli’s principle helps in explaining blood
flow in artery. The artery may get constricted due
to the accumulation of plaque on its inner walls.
In order to drive the blood through this
constriction a greater demand is placed on the
activity of the heart. The speed of the flow of the
blood in this region is raised which lowers the
pressure inside and the artery may collapse due
to the external pressure. The heart exerts further
pressure to open this artery and forces the blood
through. As the blood rushes through the
opening, the internal pressure once again drops
due to same reasons leading to a repeat collapse.
This may result in heart attack. Dynamic lift is the
force that acts on a body, such as airplane wing, a
hydrofoil or a spinning ball, by virtue of its
motion through a fluid. In many games such as
cricket, tennis, baseball, or golf, we notice that a
spinning ball deviates from its parabolic
trajectory as it moves through air. This deviation
can be partly explained on the basis of Bernoulli’s
principle. A ball which is spinning drags air along
with it. If the surface is rough more air will be
dragged. shows the streamlines of air for a ball
which is moving and spinning at the same time.
The ball is moving forward and relative to it the
air is moving backwards. Therefore, the velocity
of air above the ball relative to the ball is larger
and below itis smaller .The stream lines, thus, get
crowded above and rarified below. This
difference in the velocities of air results in the
pressure difference between the lower and upper
faces and there is a net upward force on the ball.
This dynamic lift due to spining is called Magnus
effect. The Venturi-meter is a device to measure
the flow speed of incompressible fluid. The
principle behind this meter has many
applications. The carburetor of automobile has a
Venturi channel (nozzle) through which air flows
with a high speed. The pressure is then lowered
at the narrow neck and the petrol (gasoline) is
sucked up in the chamber to provide the correct
mixture of air to fuel necessary for combustion.
Filter pumps or aspirators, Bunsen burner,
atomisers and sprayers used for perfumes or to
spray insecticides work on the same principle.

i. The Venturi-meter is a device used to
measure the

a. Flow speed of incompressible fluid.

b.  Area occupied by fluid.
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ii.

iil.

iv.

V.

hydraulic brakes works on principle of
a. Pascal’slaw

b. Newton’s law

c.  Bernoulli’s principle

d. None of these

With the help of Bernoulli’s principle.
How heart attack happens?

Explain Magnus effect with example of
ball with spin in air.

What is dynamic lift?

Case Study Answer

1. Answer

I.

il.

iil.

iv.

(c) Torricelli
(b) 133 pa

A pressure equivalent of 1 mm is called a
torr 1torr = 133 Pa.

The mm of Hg and torr are used in medicine
and physiology.

An open tube manometer is a useful
instrument  for

measuring pressure

differences.

The pressure of the atmosphere at any point
is equal to the weight of a column of air of
unit cross-sectional area extending from
that point to the top of the atmosphere. At
sea level, itis 1.013 x 105 Pa (1 atm). 76 cm
at sea level equivalent to one atmosphere (1
atm).

2. Answer

I.

il

iil.

(a) Flow speed of incompressible fluid.
(a) Pascal’s law

With the help of Bernoulli’s principle we can
explain heart attack phenomenon. The
artery may get constricted due to the

iv.

order to flow the blood through this
constriction a large pressure is exerted on
heart. The speed of the flow of the blood in
this region is raised which lowers the
pressure inside and the artery may collapse
due to the external pressure. The heart
exerts further pressure to open this artery
and forces the blood through. As the blood
flows fast trough the opening, the internal
pressure once again drops due to same
reasons leading to a repeat collapse. This
result in heart attack.

A ball which is spinning drags air along with
it. If the surface is rough more air will be
dragged. When ball is moving forward and
relative to it the air is moving backwards.
Therefore, the velocity of air above the ball
relative to the ball is larger and below it is
smaller. This difference in the velocities of
air results in the pressure difference
between the lower and upper faces and
there is a net upward force on the ball. This
dynamic lift due to spining is called Magnus
effect.

A ball which is spinning drags air along with
it. If the surface is rough more air will be
dragged. When ball is moving forward and
relative to it the air is moving backwards.
Therefore, the velocity of air above the ball
relative to the ball is larger and below it is
smaller. This difference in the velocities of
air results in the pressure difference
between the lower and upper faces and
there is a net upward force on the ball. This
dynamic lift due to spinning is called
Magnus effect.

0:0 0:0
accumulation of plaque on its inner walls. In
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Mechanical
Properties of Fluids 1 O

Fluids

Fluids can be defined as any substance which is capable of flowing. _
They don’t have any shape of their own. x\s;—_-_:—_—:—’—g}‘
For example: water which does not have its own shape but it takes the shape of the container :
in which it is poured.

But when we pour water in a tumbler it takes the shape of the tumbler

Both liquids and gases can be categorised as fluids as they are capable of flowing.

Volume of solids, liquids and gas depends on the stress or pressure acting on it.

In this chapter we will study if we apply force on the fluid how does it affects the internal properties of fluids.
Fluids offer very little resistance to shear stress.

We will also study some characteristic properties of fluids.

Pressure

Pressure is defined as force per unit area.
Force

Pressure =
Area

For Example:

Consider a very sharp needle which has a small surface area and consider a \
pencil whose back is very blunt and has more surface area than the needle. If 2

we poke needle in our palm it will hurt as needle gets pierced inside our skin. <
Whereas if we poke the blunt side of the pencil into our hand it won’t pain so

much.

This is because area of contact between the palm and the needle is very small /4 ‘
therefore the pressure is large. Whereas the area of contact between the »F
pencil and the palm is more therefore the pressure is less.

Two factors which determine the magnitude of the pressure are:-
Force - greater the force greater is the pressure and vice-versa.

Coverage area - greater the area less is the pressure and vice-versa.

Example:

Consider a stuntman lying on the bed of nails which means there are large numbers of nails on any rectangular
slab. All the nails are identical and equal in height.

We can see that the man is not feeling any pain and he is lying comfortably on the bed. This is because there isa
large number of nails and all the nails are closely spaced with each other.

All the small, pointed nails make large surface area therefore the weight of the body is compensated by the entire
area of all the nails.

The surface area increases therefore pressure is reduced.
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But even if one nail is greater than the others then it will hurt. Because then

the surface area will be less as a result pressure will be more.

Pressure in Fluids:
Normal force exerted by fluid per unit area.
This means force is acting perpendicular to the surface of contact.

Consider a body submerged in the water, force is exerted by the water
perpendicular to the surface of the body.

If there is no force applied perpendicularly but in the parallel direction then Stuntman lying on bed of nails.

there will be motion along the horizontal direction.

Since fluid is at rest and body is submerged in the fluid. Therefore, there cannot be motion along the horizontal
direction.

Therefore, we always say the force is applied perpendicularly.

Pressure is a scalar quantity. Because the force here is not a vector quantity but it is the
component of force normal to the area.

Dimensional Formula [ML-1T-Z]
[ Unit: N/m? or Pascal (Pa).

Atmosphere unit (atm) is defined as pressure exerted by the atmosphere at sea level. It

is a common unit of pressure.
latm =1.013 x 105 Pa

Pascal’s Law
Pascal’s law states that if the pressure is applied to uniform fluids that are confined, the fluids will then transmit
the same pressure in all directions at the same rate.

Pascal’s law holds good only for uniform fluids.

For example:

Consider a vessel filled with water which is uniform throughout as there is only
one type of fluid which is water. [
Consider a vessel which has oil and water then it is not uniform. As it have two
different fluids.

C 3— ~ Mixture of

# Oil & Water
» T

Fluid should be confined meaning fluid is present within region in space. It is not
allowed to spread.

For example, 1:

A balloon filled with water and when we press it hard against the wall.

We will see the shape of the balloon changes. This is because if we apply force on balloon, pressure is exerted on
the water.

Water is uniform fluid, and it is confined with in this balloon and is not allowed to spread.

On applying pressure, it is transmitted in all other directions.

Variation of pressure with depth
Consider a cylindrical object inside a fluid; consider 2 different positions for this object.

Fluid is at rest therefore the force along the horizontal direction is 0.

Forces along the vertical direction:
Consider two positions 1 and 2.
Force at position 1 is perpendicular to cross sectional area A, F1 = P1

Similarly, F2= P2
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Total force F, . = F, + F, as F, is along negative y axis therefore it is -ive and F, is along +ive y-axis.

Fnet = (PZ - Pl)A

This net force will be balanced by the weight of the cylinder(m).
Therefore, under equilibrium condition
Fnet = mg = weight of the cylinder = weight of the fluid displaced.

= p Vg where p = density = volume of the fluid

= phAg where V = hA (h = height and A = area)
Therefore (P2 - P1) A = phAg
P2 - P1 = phg, Therefore the difference in the pressure is dependent on
height of the cylinder.
Consider the top of the cylinder exposed to air therefore P1 = P. (where
Pa = P1 is equal to atmospheric pressure.)
Then P2 = Pa + phg
The pressure P, at depth below the surface of a liquid open to the
atmosphere is greater than atmospheric pressure by an amount phg.
The pressure is independent of the cross sectional or base area or the
shape of the container.

Hydrostatic Paradox
Hydrostatic Paradox means: - hydro = water, static =at rest Cylinder is inside the fluid.
Paradox means that something taking place surprisingly.

Consider 3 vessels of very different shapes (like thin
rectangular shape, triangular and some filter shape) and
we have a source from which water enters into these 3
vessels.

Water enters through the horizontal base which is the base
of these 3 vessels we observe that the level of water in all

the 3 vessels is same irrespective of their different shapes.

This is because pressure at some point at the base of these

3 vessels is same.

The water will rise in all these 3 vessels till the pressure at The three vessels A, B and C contain

the top is same as the pressure at the bottom. different amounts of liquids, all up to the

As pressure is dependent only on height therefore in all the same height

3 vessels the height reached by the water is same
irrespective of difference in their shapes. == —

This experiment is known as Hydrostatic Paradox.

Atmospheric Pressure 3
Pressure exerted by the weight of the atmosphere. : , b
Atmosphere is a mixture of different gases. All these gas molecules together { =z
constitute some weight. By virtue of this weight there is some pressure exerted (=

by the atmosphere on all the objects. mg

This pressure is known as atmospheric pressure.

. . 105
Value of atmospheric pressure at sea level is 1.01*10 Fluid is under gravity. The

latm = 1.01*105Pa effect of gravity is illustrated
through pressure on a
vertical cylindrical column
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Gauge Pressure

Pressure difference between the system and the atmosphere.

From relation P = Pa + pgh where P = pressure at any point, Pa = atmospheric pressure.

We can say that Pressure at any point is always greater than the atmospheric pressure by the amount pgh.
P - Pa = pgh where

P = pressure of the system, Pa = atmospheric pressure,

(P - Pa) = pressure difference between the system and atmosphere.

hpg = Gauge pressure.

How to measure Gauge pressure
Gauge pressure is measured by Open Tube Manometer. P,
Open Tube Manometer is a U-shaped tube which is partially filled with mercury (Hg).

One end is open and other end is connected to some device where pressure is to be
determined. This means it is like a system.

The height to which the mercury column will rise depends on the atmospheric
pressure. Similarly depending on the pressure of the system the height of mercury in
another tube rises.

The pressure difference between these two heights is the difference between the
atmospheric pressure and system.

This difference in pressure is the gauge pressure.
Consider if the level of mercury column is same in both the U-tubes. Open tube

Pam = P, therefore the difference between the atmospheric pressure and the pressure manometer

of the system is 0.
Gauge Pressure is 0. Atmosphere{760.torr)
Patm = 760torr. l

Absolute Pressure

Absolute pressure is defined as the pressure above the zero value of pressure.

It is the actual pressure which a substance has. Pa P
It is measured against the vacuum.

Absolute pressure is measured relative to absolute zero pressure.

It is sum of atmospheric pressure and gauge pressure.
Closed end

P = Pa + hpg where P = pressure at any point, Pa = atmospheric pressure and hpg = manometer

gauge pressure.
Therefore P = P. + Gauge Pressure. Where P = absolute pressure.

It is measured with the help of barometer.

Pascal’s law for transmission of fluid pressure

Pascal’s law for transmission of fluid pressure states that the pressure exerted anywhere in a confined
incompressible fluid is transmitted undiminished and equally in all directions throughout the fluid.

The above law means that if we consider a fluid which is restricted within a specific region in space and if the
volume of the fluid doesn’t change with the pressure, then the amount of pressure exerted will be same as the
amount of pressure transmitted.

Consider a circular vessel which have 4 openings and along these 4 openings 4 pistons are attached.

When piston A is moved downwards pressure is exerted on the liquid in the downward direction, this pressure
gets transmitted equally along all the directions. As a result, all the other 3 pistons move equal distance outwards.
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A circular vessel fitted with movable piston at all the four ends and when

piston A is moved downward a pressure is exerted downward. Equal amount
of pressure is exerted along all the directions as a result they will move equal
distances outward.

Applications: Pascal’s law for transmission of fluid
pressure
Hydraulic lift:

Hydraulic lift is a lift which makes use of a fluid.

For example: Hydraulic lifts that are used in car service stations to lift the
cars.

Principle:

Inside a hydraulic lift there are 2 platforms, one has a smaller area and the other one
has a larger area.

It is a tube-like structure which is filled with uniform fluid.
There are 2 pistons (P1 and Pz) which are attached at both the ends of the tube.
Cross-sectional area of piston P1 is A1 and of piston P is Az.

If we apply force F1 on P1, pressure gets exerted and according to Pascal’s law the

pressure gets transmitted in all the directions and same pressure gets exerted on the
other end. As a result the Piston P2 moves upwards.

Advantage of using hydraulic lift is that by applying small force on f1
the small area we are able to generate a larger force. Al

Mathematically: F2 = PAz

where F; = Resultant Force, Az = area of cross-section Py _

F, = (ﬂ) A, where P = &1 (Pressure P is due to force F1 on the
A Aq

area A1) P

F, = (2—2) F;. This shows that the applied force has increased by j—z
1 1

Because of Pascal’s law the input gets magnified. &

Hydraulic Brakes

Hydraulic brakes work on the principle of Pascal’s law. fluid

According to this law whenever pressure is applied on a fluid it
travels uniformly in all the directions. The above figure shows the internal

Therefore, when we apply force on a small piston, pressure gets structure of the hydraulic lift.

created which is transmitted through the fluid to a larger piston. As
a result of this larger force, uniform braking is applied on all four wheels.

As braking force is generated due to hydraulic pressure, they are known as hydraulic brakes.

Liquids are used instead of gas as liquids are incompressible.

Construction
The fluid in the hydraulic brake is known as brake fluid.

It consists of a master cylinder, four-wheel cylinders and pipes carrying brake fluid from master cylinder to wheel
cylinders.

Master cylinder consists of a piston which is connected to pedal through connecting rod.
The wheel cylinders consist of two pistons between which fluid is filled.

Each wheel brake consists of a cylinder brake drum. This drum is mounted on the inner side of wheel. The drum
revolves with the wheel.
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Two brake shoes which are mounted inside the drum remain stationary.

Working
When we press the brake pedal, piston in the master cylinder forces the brake fluid through a linkage.

As a result, pressure increases and gets transmitted to all the pipes and to all the wheel cylinders according to
Pascal’s law.

Because of this pressure, both the pistons move out and transmit the braking force on all the wheels.

Advantages:
Equal braking effort to all the four wheels.
Less rate of wear due to absence of joints.

By just changing the size of one piston and cylinder, force can be increased or decreased.

Disadvantages:
Leakage of brake fluid spoils the brake shoes.

Even the slightest presence of air pockets can spoil the whole system.

Secondary

A Primary
Reservalr

Reservoir

Primary

Secondary Pistan

Piston

to Pedal

Springs

Inside of the cylinder

Types of Fluid flow: Steady Flow

2
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Some streamlines for fluid flow

The flow of a fluid is said to be steady, if at any point, the velocity of

each passing fluid particle remains constant within that interval of N ,.e/,—\\ g .

time.

Streamline is the path followed by the fluid particle.

It means that at any particular instant the velocities of all the
particles at any point are same. But the velocity of all the particles

won'’t be same across all the points in the space.

Steady flow is termed as ‘Streamline flow’ and ‘Laminar flow’.

Consider a case when all the particles of fluid passing point A have the same velocity. This means that the first

particle will have velocity V1 and second will have velocity Vi and so on. All the particles will have the same velocity

V1 at point A.
At point B, all particles will have velocity Vo.
Similarly at point C the velocity of all the particles is V3.

We can see that the velocity is changing from point to point but at one particular point it is same.

No two streamlines can intersect.

If two streamlines intersect each other, the particles won’t know which path to follow and what velocity to attain.

That is why no two streamlines intersect.

The meaning of streamlines:
(a) A typical trajectory of a fluid particle.

(b) A region of streamline flow.

Equation of Continuity

According to the equation of continuity Av = constant.
Where A = cross-sectional area and v = velocity with which
the fluid flows.

It means that if any liquid is flowing in streamline flow in
a pipe of non-uniform cross-section area, then rate of flow

'\ Streamling 2

Srreamlive A
it

of liquid across any cross-section remains constant. ———— Intersecting
at a pairk

Consider a fluid flowing through a tube of varying

thickness. // I

Let the cross-sectional area at one end (I) = A1 and cross-
sectional area of other end (II) = Az.

The velocity and density of the fluid at one end (I) = vi, p1
respectively, velocity and density of fluid at other end (II) = v2,
p2

Volume covered by the fluid in a small interval of time At,
across left cross-sectional is Area (I) = A1 x v1 X At

Volume covered by the fluid in a small interval of time At
across right cross-sectional Area (II) = A2 x v2 x At

Fluid inside is incompressible (volume of fluid does not
change by applying pressure) that is density remains same p1
= p2. (Equation 1)

Along(I) mass = p1 A1 v1 At and along second point (II) mass =
p2A2 v2At

By using equation (1). We can conclude that A1 vi = Az va. This
is the equation of continuity.

Incompressible Fluid

1

P
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From Equation of continuity, we can say that Av = constant.

This equation is also termed as “Conservation of mass of incompressible fluids”.

Conclusion:

Volume flux/Flow rate remains constant throughout the pipe. This means rate of flow of fluid of liquid is more if
cross-sectional area is more, then the velocity will be less, and vice-versa.

But the Av will remain constant.

So, the volume which is covered by the fluid at any cross-sectional area is constant throughout the pipe even if
pipe has different cross-sectional areas.

The fluid is accelerated while passing from the wider cross-sectional area towards the narrower area. This means
if area is more the velocity is less and vice-versa.

Turbulent Flow:
A fluid flow is said to be turbulent if the velocity of the particles vary at any point
erratically.

This means fluid particles are moving here and there, they are not moving in
organized manner. They all will have different velocities.

Eddies are generated by this flow. Eddies are same as ripples.
All the particles are moving here and there randomly.

For a streamline fluid flow, the sum of the pressure (P), the kinetic energy per

2
unit volume (%) and the potential energy per unit volume (pgh) remain

constant.

Bernoulli’s Principle

2
Mathematically: P + % + pgh = constant

where P = pressure,

E. smv 5V 1
— 2 — 2 = —p‘UZ
Volume 1% (ﬂ) 2
V
E. mgh m
Volume V (V) g Py

Derive: Bernoulli’s equation

Assumptions:

Fluid flow through a pipe of varying width.
Pipe is located at changing heights.

Fluid is incompressible.

Flow is laminar.

No energy is lost due to friction: applicable only to non-viscous fluids.

Mathematically:
Consider the fluid initially lying between B and D. In an infinitesimal time interval At, this fluid would have moved.

Suppose v, = speed at B and v, = speed at D, initial distance moved by fluid from to C=v,At.
In the same interval At fluid distance moved by D to E =v,At .

P, = Pressure at Ay, P, = Pressure at A,.

Work done on the fluid at left end (BC)W, =P, 4, (v, At).
Work done by the fluid at the other end (DE)W, =P, A4,(v,At).
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Net work done on the fluid is W, =W, =(P, A,v,At —P,A,At)

By the Equation of continuity Av = constant.

J P Av At—P,A At where Av,At—P AV and A,v,At—-P,AV .

Therefore Word done = (P; - P,) AV equation (a)

e  Part of this work goes in changing Kinetic energy, AK =(%)m (v% —vf) and part in gravitational potential
energy, AU = mg (h, - h,).

The total change in energy AE = AK + AU = (¥4)m (v% —vf)+mg(h2 —-h). (D)

Density of the fluid p=m/V orm=pV

Therefore, in small interval of time At, small change in mass Am

e Am=pAV (ii)

Putting the value from equation (if) to (i)

AE =Y, pAV(v5 —v2)+pgAV(h, —h,) equation (b)

By using work-energy theorem: W = AE

From (a) and (b)

(P, ~B)AV(4) pAV(v; —vi)+pgAV(h, —h,)

P, —P, = Y% pv2 — Y, pvi +pgh, —pgh, (By cancelling AV from both the sides).

After rearranging we get, P, +(1/2)pvi +pgh, =(1/2) pvs +pgh, P+(1/2)pv* +pgh= constant

This is the Bernoulli's equation.

The flow of an ideal fluid in a pipe of varying cross section. The
fluid in a section of length v1At moves to the section of length
v2Atin time At.

Bernoulli’s equation: Special Cases

When a fluid is at rest. This means v; = v, = 0.
From Bernoulli's equation

P +(1/2)pvi +pghy =(1/2)pv; +pg b,

By putting v; = v, = 0 in the above equation changes to

P, — P, =pg(h, —h,). This equation is same as when the fluids are at rest.

When the pipe is horizontal h, = h,. This means there is no Potential energy by the virtue of height.
Therefore from Bernoulli's equation (P, +(1/2)pv: +pgh, =(1/2)pv5 +pgh,)

By simplifying. P+(1/2)pv* = constant.

Torricelli’s law

Torricelli law states that the speed of flow of fluid from an orifice is equal to the speed that it would attain if falling
freely for a distance equal to the height of the free surface of the liquid above the orifice.

Consider any vessel which has an orifice (slit)filled with some fluid.

The fluid will start flowing through the slit and according to Torricelli law the speed with which the fluid will flow
is equal to the speed with which a freely falling body attains such that the height from which the body falls is equal
to the height of the slit from the free surface of the fluid.

Let the distance between the free surface and the slit=h

Velocity with which the fluid flows is equal to the velocity with which a freely falling body attains if it is falling
from a height h.
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Derivation of the Law:

e LetA, =area of the slit (it is very small), v, = Velocity with which fluid is flowing out.
o A, =Area of the free surface of the fluid, v, = velocity of the fluid at the free surface.
e  From Equation of Continuity, Av = constant. Therefore A;v, = A,v,.
o  Fromthefigure, A, >>>A,, This implies v, << v, (This means fluid is at rest on the free surface), Therefore
v,~0.
e  Using Bernoulli's equation,
o  P+(1/2) pv?+ pgh = constant.
e  Applying Bernoulli's equation at the slit:
o Pa+(1/2) pvl2 +pgy; (Equation 1) where P, = atmospheric pressure, y; = height of the slit from the base.
e  Applying Bernoulli's equation at the surface:
o P+ pgy, (Equation 2) where as v, = 0 therefore (1/2) pvf =0, y, = height of the free surface from the
base.

e  Byequating (1) and (2)

o P,+(1/2)pvi +pgy, =P+pgy, H aovs
, Pressure P
b (1/2)pvy =(P—-P,)+pg(y, —y1) I
e =(P-P,) pgh(whereh=(y,-y,))
e vi=2/p[(P-P,)+pgh]

Y2
e Therefore v, =./2/p[(P-P,)+pgh]. This is the | ‘

W

o

height=h

U ALYl Atmaospheric
ﬁ — Pressure Pa

velocity by which the fluid will come out of the small

slit. 1

=

e v, isknown as Speed of Efflux. This means the speed of {}
the fluid outflow. y

Torricelli’s law. The speed of efflux, v1,from the side of the
container is given by the application of Bernoulli’s equation.

Casel: The vessel is not closed it is open to atmosphere that means P = Pa.
Therefore vi=V2gh.This is the speed of a freely falling body.

This is accordance to Torricelli’s law which states that the speed by which the fluid is flowing out of a small slit of
a container is same as the velocity of a freely falling body.

Case2: Tank is not open to atmosphere but P>>Pa.

Therefore, 2gh is ignored as it is very very large, hence vi= V2P/p.
The velocity with which the fluid will come out of the
container is determined by the Pressure at the free surface of ;'33‘ V
the fluid alone. —
e — / \

Venturimeter

Venturimeter is a device to measure the flow of
incompressible liquid.

It consists of a tube with a broad diameter having a larger o &
cross-sectional area but there is a small constriction in the
middle.

Itis attached to U-tube manometer. One end of the manometer

is connected to the constriction and the other end is
connected to the broader end of the Venturimeter.

A schematic diagram of Venturimeter
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The U-tube is filled with fluid whose density is p.

A1 = cross-sectional area at the broader end, v1 = velocity of the fluid.
Az =cross-sectional area at constriction, vz = velocity of the fluid.

By the equation of continuity, wherever the area is more velocity is less and vice-versa. As A1 is more this implies

v1is less and vice-versa.
Pressure is inversely a to Therefore at A, pressure P, is less as compared to pressure P, at A,.
This implies P, <P, as v, > v,.

As there is difference in the pressure the fluid moves, this movement of the fluid is marked by the level of the fluid
increase at one end of the U-tube.

Venturimeter: determining the fluid speed
e By Equation of Continuity: 4,v, = 4,v,.
e  Thisimplies v, = (4,/4,) v, (Equation (1))
e By Bernoulli's equation: P, +(1/2)pv? +pgh=(1/2)pvi +pgh
o Asheight is same we can ignore the term pg
o Thisimplies P, —P, =(1/2)p (V2 +V?)
o =1/2p (A12 /A%vf —vf) (Using equation (1))
o =1/2pv{(Al/4-1)
o =1/2pv{(Al/4-1)

e  Asthereis pressure difference the level of the fluid in the U-tube changes.

e (P, +P,)=hp,gwhererm (density of the fluid inside the manometer).
o 1/2pvi (4 /A -1)=hp,g

o v, =2hp,g/plA} /41T

Practical Application of Venturimeter:
Spray Gun or perfume bottle- They are based on the principle of Venturimeter.

e  Consider a bottle filled with fluid and having a pipe which goes
straight till constriction. There is a narrow end of pipe which has a
greater cross sectional area.

e  The cross sectional area of constriction which is at middle is less. '
o  Thereis pressure difference when we spray as a result some air goes o
in, velocity of the air changes depending on the cross sectional area.
-

o  Also because of difference in cross sectional area there is pressure
difference, the level of the fluid rises, and it comes out.

Dynamic Lift

Dynamic lift is the normal force that acts on a body by virtue of its motion through a fluid.

Consider an object which is moving through the fluid, and due to the motion of the object through the fluid there
is a normal force which acts on the body.
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This force is known as dynamic lift.

Dynamic lift is most popularly observed in aeroplanes.

Whenever an aeroplane is flying in the air, due to its motion through the fluid here fluid is air in the atmosphere.
Due to its motion through this fluid, there is a normal force which acts on the body in the vertically upward
direction.

This force is known as Dynamic lift.
Examples:
Airplane wings

Spinning ball in air

Dynamic lift on airplane wings:

Consider an aeroplane whose body is streamline. Below the wings of the aeroplane
there is air which exerts an upward force on the wings. As a result aeroplane
experiences dynamic lift.

Magnus Effect
Dynamic lift by virtue of spinning is known as Magnus effect.
Magnus effect is a special name given to dynamic lift by virtue of spinning.

Example: Spinning of a ball.

Casel: When the ball is not spinning. P . ETH:\ ‘(_ a,l P
The ball moves in the air it does not spin, the velocity of the ball L"] "'-._ L.,"’ 1. .‘|I
above and below the ball is same. ﬁ__" R
As a result, there is no pressure difference. (AP= 0).

Therefore, there is no dynamic lift.

Case2: When the ball is moving in the air as well as spinning.

When the ball spins it drags the air above it therefore the velocity

above the ball is more as compared to the velocity below the ball. - f,..—-_..,:\ | f(‘ .-

As a result there is a pressure difference; the pressure is more ?} 1‘ ‘a /;‘\
below the ball. L 2 4 St .\‘ e\
Because of pressure difference there is an upward force which is the

dynamic lift.

Viscosity

Viscosity is the property of a fluid that resists the force tending to cause the fluid to flow.
It is analogous to friction in solids.
Example:

Consider 2 glasses one filled with water and the other filled
with honey.

Water will flow down the glass very rapidly whereas honey
won'’t. This is because honey is more viscous than water.

Therefore, in order to make honey flow we need to apply
greater amount of force. Because honey has the property to
resist the motion.

Viscosity comes into play when there is relative motion
between the layers of the fluid. The different layers are not
moving at the same pace.
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Coefficient of Viscosity

Coefficient of viscosity is the measure of degree to which a fluid
resists flow under an applied force.

This means how much resistance does a fluid have to its motion.
Ratio of shearing stress to the strain rate.

It is denoted by 1.

—

Mathematically

At=time, displacement = Ax

Therefore,

shearing stress = ATX where | = length

. Ax
Strain rate = —

A
At 1))
shearing stress Eﬁ —

n = ; | =
strain rate ] —_—
—
F % L| —_—
(Z) Fl Ax =T T —_—>
— where—=v 3= I ——
Ax) A t =] ——
(i = =
Fl
Thereforen = ” (b)
PI (a) A layer of liquid sandwiched between

two parallel glass plates in which the lower
plate is fixed and the upper one is moving to

I. Unit: Poiseiulle i_z
Nsm

Dimensional Formula: [ML-1T-1] the right with velocity v
Fully
Entrance Developed
Region Region
]

\E |

fgdh

=

H U

e —

Vo
L Boundary Layer

h

Velocity distribution for viscous flow in a pipe.

Stokes Law
The force that retards a sphere moving through a viscous fluid is directly «to the velocity and the radius of the
sphere, and the viscosity of the fluid.

Mathematically: F =6mmmrv where

Let retarding force Fxv where v =velocity of the sphere
F « r where r=radius of the sphere

Foxn where n=coefficient of viscosity

6m=constant

Stokes law is applicable only to laminar flow of liquids. It is not applicable to Rain
turbulent law.

Drop

Example: Falling raindrops
Consider a single rain drop, when raindrop is falling it is passing through air.

The air has some viscosity; there will be some force which will try to stop the motion
of the rain drop.
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Initially the rain drop accelerates but after some time it falls with constant
velocity.

As the velocity increases the retarding force also increases.

There will be viscous force Fv and bind force F» acting in the upward
direction. There will also be Gravitational force acting downwards.

After some time Fg = Fr (Fv + Fp)
Net Force is 0. If force is 0 as a result acceleration also becomes 0.

Terminal Velocity
Terminal velocity is the maximum velocity of a body moving through a viscous fluid.
It is attained when force of resistance of the medium is equal and opposite to the force of gravity.

As the velocity is increasing the retarding force will also increase and a stage will come when the force of gravity
becomes equal to resistance force.

After that point velocity won’t increase and this velocity is known as terminal velocity.

It is denoted by ‘vt’. Where: = terminal.

Mathematically:

Terminal velocity is attained when Force of resistance = force due to gravitational attraction.

6TNIrv =mg

6mrv = densityxVg (Because density=m/V), density=p — 0 where p and o are the densities of the sphere and the
viscous medium resp.

6mnrv = (p - 0)x4/3nr3g where Volume of the sphere(V) =4/3mr3
By simplifying

= (p - 0)gx4/3r>x1/(6n)

ve =2r¢(p - o0)g/9 n .This is the terminal velocity.
Where(v=vt)

F, Retarding force

T=density
of medium

Reynolds Number

Reynolds number is a dimensionless number, whose
value gives an idea whether the flow would be turbulent
or laminar.

p= density
of sphére

Types of flow are classified as 2 types: laminar flow and
turbulent flow.

Reynolds number helps us to determine whether the flow
is laminar or turbulent.

It is denoted by Re. where ‘e’ shows Reynolds.
Expression: Re=pvd/ n;

where p = density of the fluid, Fe
v=velocity of the fluid, Gravitational Force= mg

d=diameter of the pipe through which the fluid flows

n=viscosity of the fluid.
Free

Liquid Surfaces
Surface

Certain properties of free surfaces:

Whenever liquids are poured in any container they take the shape of that
container in which they are poured and they acquire a free surface.

Consider a case if we pour water inside the glass it takes the shape of the glass
with a free surface at the top.

Top surface of the glass is a free surface. Water is not in contact with anything
else, it is in contact with the air only.
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This is known as free surfaces.

Liquids have free surfaces. As liquids don’t have fixed shape they have only fixed volume.

Free surfaces have additional energy as compared to inner surfaces of the liquid.

Surface Energy

Surface energy is the excess energy exhibited by the liquid molecules on the surface compared to those inside the
liquid.

This means liquid molecules at the surface have greater energy as compared to molecules inside it.

Suppose there is a tumbler and when we pour water in the tumbler, it takes the shape of the tumbler.

It acquires free surface.

Case 1: When molecules are inside the liquid:

Suppose there is a molecule inside the water, there will be several other molecules that will attract that molecule
in all the directions.

As aresult this attraction will bind all the molecules together.

This results in negative potential energy of the molecule as it binds the molecule.

To separate this molecule huge amount of energy is required to overcome potential energy.

Some external energy is required to move this molecule and it should be greater than the potential energy.
Therefore in order to separate this molecule a huge amount of energy is required.

Therefore a large amount of energy is required by the molecules which are inside the liquid.

Case2: When the molecules are at the surface:

When the molecule is at the surface, half of it will be inside and half of it is exposed to the atmosphere.

For the lower half of the molecule it will be attracted by the other molecules inside the liquid.

But the upper half is free. The negative potential energy is only because of lower half.

But the magnitude is half as compared to the potential energy of the molecule which is fully inside the liquid.

So the molecule has some excess energy, because of this additional energy which the molecules have at the surface
different phenomenon happen like surface energy, surface tension.

Liquids always tend to have least surface are when left to itself.

As more surface area will require more energy as a result liquids tend to have least surface area.

Molecules
of liquid

Case 1: Molecule is fully
inside the lquid

Case 2. Molecule is at
the free surface

Surface energy for two fluids in contact
Whenever there are two fluids, in contact, surface energy depends on materials of the surfaces in contact.
Surface energy decreases if the molecules of the two fluids attract.

Surface energy increases if molecules of the two fluids repel.

Surface Tension

Surface tension is the property of the liquid surface which arises due to the fact that surface molecules have extra
energy.

Surface energy is the extra energy which the molecules at the surface have.
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Surface tension is the property of the liquid surface because the molecules have extra energy.

Surface energy is defined as surface energy per unit area of the liquid surface.
Denoted by ’S’.

Mathematically:

Consider a case in which liquid is enclosed in a movable bar.

Slide the bar slightly and it moves some distance (‘d’).
There will be increase in the area, (dl) where 1=length of
the bar.

Liquids have two surfaces one on the bar and other
above the bar. Therefore area=2(dl)

Work done for this change = F x displacement.
Surface tension(S)=Surface Energy/area
Or Surface Energy=S x area
=Sx2dl
Therefore S x 2dl =F x d
S=F/2d
Surface tension is the surface energy per unit area of the liquid surface.
It can be also defined as Force per unit length on the liquid surface.

Important: At any interface (it is a line which separates two different medium) the surface tension always acts in
equal and opposite direction and it is always perpendicular to the line at the interface.

Schematic picture of molecules in a liquid, at the surface and balance of forces
(a) Molecule inside a liquid. Forces on a molecule due to others are shown.
Direction of arrows indicates attraction of repulsion. (b) Same, for a molecule
at a surface. (c) Balance of attractive (A) and repulsive (R) forces.

Surface tension and Surface energy: practical applications

Consider a molecule which is present completely inside the liquid and if it is
strongly attracted by the neighbouring molecules then the surface energy is
less.

Consider a molecule which is present partially inside the liquid the force of
attraction by the neighbouring molecules is lesser as a result surface energy is
more.

Consider a molecule whose very little part is inside the water so very small force
of attraction by the neighbouring molecules as a result more surface energy.

Conclusion: A fluid will stick to a solid surface if the surface energy between (b)
fluid and solid is smaller than the sum of energies between solid-air and fluid-

atr. Stretching a film (a) A film
This means Sst( solid fluid) < Sra(fluid air) + Ssa(Solid air) in equilibrium;(b) The

film stretched an extra
How detergents work distance.

Washing alone with the water can remove some of the dirt but it does not
remove the grease stains. This is because water does not wet greasy dirt.

We need detergent which mixes water with dirt to remove it from the clothes.

Detergent molecules look like hairpin shape. When we add detergents to the water one end stick to water and the
other end sticks to the dirt.

As aresult dirt is getting attracted to the detergent molecules and they get detached from the clothes and they are
suspended in the water.

Detergent molecules get attracted to water and when water is removed the dirt also gets removed from the clothes.
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Soap molecules
v

Image(4)
Detergent action in terms of what detergent molecules do.

In image (1) Soap molecules with head attracted to water

In image (2) greasy dirt

In image (3) water is added but dirt does not get removed

Inimage (4) when detergent is added, other end of the molecules get attracted to the boundary where water meets
dirt.

In image (5) Dirt gets surrounded by inert end and dirt from the clothes can be removed by moving water.

In image (6) dirt is held suspended, surrounded by soap molecule,

Angle of Contact

Angle of contact is the angle at which a liquid interface meets a solid surface.
It is denoted by 6.

It is different at interfaces of different pairs of liquids and solids.

For example: - Droplet of water on louts leaf. The droplet of water (Liquid) is in contact with the solid surface
which is leaf.

This liquid surface makes some angle with the solid surface. This angle is known as angle of contact.

Water form a spherical shape on lotus leaf Water spilt on the table.
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Significance of Angle of Contact

Angle of contact determines whether a liquid will spread on the surface of a solid or it will form droplets on it.
If the Angle of contact is obtuse: then droplet will be formed.

If the Angle of contact is acute: then the water will spread.

Casel: When droplet is formed

Consider we have a solid surface, droplet of water which is liquid and air.

The solid liquid interface denoted by S, solid air interface denoted by Ssa and liquid air interface denoted by Sa.
The angle which Ss makes with Sia. It is greater than the 900.

Therefore droplet is formed.

Sia
=}
g N PSLI
Il I:a]
Case 2: When water just spreads
The angle which liquid forms with solid surface is less than 90°.
Sla
B
Esa [b] S: |

Drops and Bubbles

Why water and bubbles are drops

e  Whenever liquid is left to itself it tends to acquire the least possible surface area
so that it has least surface energy so it has most stability.

o  Therefore for more stability they acquire the shape of sphere, as sphere has least Fg}\ .
Ed

possible area.
Spherical Shape

Distinction between Drop, Cavity and Bubble
Drop: Drop is a spherical structure filled with water.
There is only one interface in the drop.

The interface separates water and air.

Example: Water droplet.

Cavity: Cavity is a spherical shape filled with air.

In the surroundings there is water and in middle there is cavity filled with air.

There is only one interface which separates air and water.

Example: bubble inside the aquarium.

Water droplets

Bubble: In a bubble there are two interfaces. One is air water and another is water
and air.

@ www.stepupacademy.ind.in () @stepupacademyindia €) @stepupacademyindia () @stepupacademy_



212 Step Up Academy @

Inside a bubble there is air and there is air outside.

But it consists of thin film of water.

air

Cavity filled with air

Water

air

Capillary Rise

In Latin the word capilla means hair.

Due to the pressure difference across a curved liquid-air interface the water rises up in a narrow tube in spite of
gravity.

Consider a vertical capillary tube of circular cross section (radius a) inserted into an open vessel of water.

The contact angle between water and glass is acute. Thus the surface of water in the capillary is concave. As a result

there is a pressure difference between the two sides of the top surface. This is given by:

(P —P)=(25/r)=2S /(asec0)=(2S / a) cosO (i)
Thus the pressure of the water inside thetube, just at the meniscus (air-water interface) is less than the
atmospheric pressure.
Consider the two points A and B. They must be at the same pressure,

F+hpg=F=F, (i)

where p is the density of water and h is called the capillary
hp g=(P, —PB))=(2Scos 0) / a (By using equations (i) and (if))

Therefore the capillary rise is due to surface tension. It is larger, for a smaller radius.

(a) (b)

Capillary rise, (a) Schematic picture of a narrow tube immersed water.

(b) Enlarged picture near interface.
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Top Formulae

Pressure of a fluid having densitypat | P=hpg

height h

Gauge pressure = total pressure — atmospheric pressure

Pascal’'s law: (in hydraulic lift) F, _ F,

3 2

Surface tension and surface energy S=F2«¢

are related as

Work done = surface tension x increase in area

Excess of pressure inside the liquid _ 25

p= P - Pb = —

drop r

Excess of pressure inside the soap —p_p - 45

bubble P=F-Te=7

Total pressure in the air bubble at a P=P +h 25

depth h below the surface of liquid of o *NP9+

density p

In case of capillary action Ascent I destent fornmmis, h = 25:{:::;5{! ,
where @ is the angle of contact.

Newton'’s viscous dragging force F= A % _where nis cosficient of
viscosity, A is the area of layer of liquid
and :—: is the velocity gradient.

Stoke's law F = 6mrv

Terminal velocit P

y V= M , where pand o are the
9n
densities of the spherical body and
medium, respectively; r is the radius of
the spherical body.
Reynoid’s number R, = ﬂ where D is the diameter of
n
the tube and v is the velocity of liquid
flow through the tube.

Bernoulli’s theorem Pressure energy per unit mass +
potential energy per unit mass + kinetic
energy per unit mass = constant

P +gh+ %vz = constant

Vant_uri meter, volume of liquid V=-aga, 2p.gh

flowing per second 2@, ) ,
where a; and a; are the areas of
cross-section of bigger and smaller
tube; h is the difference of pressure
head at the two tubes of a Venturi
meter.

Velocity of efflux: Torricelli’s law V= _ngfh
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Class : 11th Physics
Chapter- 10 : Mechanical Properties of Fluids

. Venturimeter ] E Torlce" s Low _ zApp"cations
 Device used to measure the rate : - Velocity of efflux of liquid : =4 | if¢ of an aircraft wing.
of flow of liquid. Volume of through an orifice -0 Sprayer or atomizer
liquid flowing per second. ~ : : V=y2gh : -0 Blowing off the roofs during windstorm.
Q _ alaz % é 43{ N Il r B -.-.u.v .q.<.w.~.~.)'-..~'~.w ....-‘.:...", -,.,_..:..‘ .....
&y P —\ Stroke slaw'F=6 nvr:
S S s S KR SRS sosonsavaswe Y ‘3\‘.\“/»/-- -----------Q.nu........
PSS ANNNEEEESNEIEEGSEEEEEEEEEEEEER B IRt T AN Lif R S DI SOREIcA TW SRS ES NSNS ESNNEEANERNERNES
<"For an incompressible non-viscous '; : Opposing force between :
Streamline : In liquid flow when - streamline, irrotational flow of fluid, : & different layers of fluid in :
the Velocity is less than critical : 1 : relative motion
velocity, each particle of the P +EPV2 +/Pgh =constant :  Viscous drag F=-nA %’L :
liquid passing through a point ¢ m=coefficient ofviscosify :
travels along the same path and s ]

same velocity as the preceding
particles.

Turbulent : When velocity of
liquid flow is greater than critical
velocity and particles follow zig-

P .
" Bernoulh s |
]
. principal ) Viscosity

zag path. » o o N
~~  Mechanical
Eroperties of
Fluids

"\‘x. /.»*/’

F
+ Surface tension S=
work doneinincreasing area_ W

increasein surfacearea AA
2Scos0

Laws of Fluids

* Surface Energy=-

+ Capillary rise or fall, h=

rp
Wide a drog (liquid)

+ Excess Hesléme inside a bubble (soap)
4S
P =

excess R

That can flow
like liquids and
gases

Equation of continuity
==a,V,py=a, Vo0,
for an incompressible liquid,
p,=p, thenav,=ayv,
or av=constant
Pascal’s law : The pressure
exerted at any point on an
enclosed liquid is transmitted
equally in all direction.

Pressure(P) = , thrust(F) |, ’ﬂ F

area(A) M*AA AR -

E NN NN EENEENEEEREENEEEEEE
L T ]

Pressure exerted by a liquid column of height h, (p)=hpg

Atmospheric Pressure(Pa)
Pressure (atm) exerted by the
atmosphere. At sea level, 1 atm =
: pressure exerted by 0.76m of Hg =
‘hpg=0.76 x 13.6 x 10 x 9.8 = 1.013

x 10 Nm2 = 101.3kPa

Gauge Pressure(Pg)
Difference between the absolute
pressure at a point and the
atmospheric pressure.

Pg = absolute pressure (P) -
atmospheric pressure (Pa)

Absolute Pressure(P)
Total or actual pressure at a
point. Absolute pressure =
atmospheric pressure +
gauge pressure

esssssuensnsEnunnnunnnay
SEssssssEREsEEEREEE
SeRsERsaanEssannsannnnnny
S sssusssssEsESseREEESEEE

Frssssesunnsnunasnsnnn

PO
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Important Questions

Multiple Choice Questions

1.

Plants get water through the roots because of

(a) Capillarity

(b) Viscosity

(c) Gravity

(d) Elasticity

Water rises up to a height h1 in a capillary tube of
radius r. the mass of the water lifted in the
capillary tube is M. if the radius of the capillary

tube is doubled, the mass of water that will rise in
the capillary tube will be

(M

(b) 2M

(c) M/2

(d) 4M

A number of small drops of mercury coalesce

adiabatically to form a single drop. The
temperature of drop

(a) Increases

(b) Isinfinite

(c) Remains unchanged

(d) May decrease or increase depending upon
size

When a soap bubble is charged

(a) It contracts

(b) It expands

() It does not undergo any change in size

(d) None of these

Aliquid is kept in a glass vessel. If the liquid solid
adhesive force between the liquid and the vessel
is very weak as compared to the cohesive force in
the liquid, then the shape of the liquid surface
near the solid should be

(a) Concave

(b) Convex

(c) Horizontal

(d) Almost vertical

A capillary tube is placed vertically in a liquid. If
the cohesive force is less than the adhesive force,
then

(a) The meniscus will be convex upwards
(b) The liquid will wet the solid
(c) The angle of contact will be obtuse

(d) The liquid will drip in the capillary tube

10.

When there are no external forces, the shape of a
liquid drop is determined by

(a) Surface tension of the liquid
(b) Density of liquid

(c) Viscosity of liquid

(d) Temperature of air only

Water can rise up to a height of 12 cm in a
capillary tube. If the tube is lowered to keep only
9 cm above the water level then the water at the
upper end of the capillary will

(a) Overflow

(b) From a convex surface

(c) From a flat surface

(d) From a concave surface

Rain drops are spherical in shape because of
(a) Surface tension

(b) Capillary

(c) Downward motion

(d) Acceleration due to gravity

When the angle of contact between a solid and a
liquid is 90°, then

(a) Cohesive force > Adhesive force

(b) Cohesive force < Adhesive force

(c) Cohesive force = Adhesive force

(d) Cohesive force >> Adhesive force

Very Short:

1.

N o ke w

10.

State the law of floatation?

The blood pressure of humans is greater at the
feet than at the brain?

Define surface tension?
Define surface tension?
Oil is sprinkled on sea waves to calm them. Why?
Oil is sprinkled on sea waves to calm them. Why?

The diameter of ball A is half that of ball B. What
will be their ratio of their terminal velocities in
water?

Define viscosity?

Give two areas where Bernoulli’s theorem is
applied?

What is conserved in Bernoulli’s theorem?

@ www.stepupacademy.ind.in

(© @stepupacademyindia

€) @stepupacademyindia

[E) @stepupacademy_



216 |

Step Up Academy @

Short Questions:

1.

10.

11.

12.

13.

14.
15.

(a)

(b)

A glass bulb is balanced by an iron weight in an
extremely sensitive beam balance covered by a
bell jar. What shall happen when the bell jar is
evacuated?

It is easier to swim in seawater than in river
water. Why?

Does Archimedes’ Principle hold in a vessel in
free fall or in a satellite moving in a circular orbit?
A block of wood floats in a pan of water in an
elevator. When the elevator starts from rest and
accelerates downward, does the 1 block floats
higher above the water surface? What happens
when the elevator accelerates upward?

The thrust on a human being due to atmospheric
pressure is about 15 tons. How human being can
withstand such an enormous thrust while it is
impossible for him to carry a load of even one
ton?

Why are sleepers used below the rails? Explain.
The passengers are advised to remove the ink
from their f pens while going up in an airplane.
Explain why?

Why a sinking ship often turns over as it becomes
immersed in water?

Explain why a balloon filled with helium does not
rise in the air indefinitely but halts after a certain
height?

Alight ball can remain suspended in a vertical jet

of water flow?

In the case of an emergency, a vacuum brake is
used to stop the train. How does this brake work?

Why dust generally settles down in a closed
room?

How will the rise of a liquid be affected if the top
of the capillary tube is closed?

What are buoyancy and the center of buoyancy?
Under what conditions:

Centre of buoyancy coincides with the center of
gravity?

The center of buoyancy does not coincide with
the center of gravity?

Long Questions:

1.

A copper cube of mass 0.50 kg is weighed in
water (p = 103 kg m-3). The mass comes out to be

0.40 kg. Is the cube hollow or solid? Given density
of copper =8.96 x 103 kg m3.

2. A piece of pure gold (p = 9.3 g cm3) is suspected
to be hollow. It weighs 38.250 g in air and 33.865
in water. Calculate the volume of the hollow
portion in gold, if any.

3. A glass plate of length 20 cm, breadth 4 cm, and
thickness 0.4 cm weights 40 g in air. If it is held
vertically with the long side horizontal and the
plate half breadth immersed in water, what will
be its apparent weight, the surface tension of
water = 70 dyne cm.

4. What is the work done in blowing a soap bubble
of diameter 0.07 m?

5. 1f3.6960 x 103 ] of work is done to blow it further,
find the new radius. Surface tension of soap
solution is 0.04 Nm1.

Assertion Reason Questions:
1. Directions:

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the
assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(c) Ifassertion is true but reason is false.
(d) Ifthe assertion and reason both are false.

Assertion: It is easier to spray water in which
some soap is dissolved.

Reason: Soap is easier to spread.
2. Directions:

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the
assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(c) Ifassertion is true but reason is false.

(d) Ifthe assertion and reason both are false.

Assertion: The angle of contact of a liquid

decrease with increase in temperature.

Reason: With increase in temperature, the

surface tension of liquid increase.
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Answer Key

Multiple Choice Answers-

1.
2.

O © N ok

Answer: (a) Capillarity

Answer: (b) 2M

Answer: (d) May decrease or increase depending
upon size

Answer: (b) It expands

Answer: (b) Convex

Answer: (b) The liquid will wet the solid
Answer: (a) Surface tension of the liquid
Answer: (c) From a flat surface

Answer: (a) Surface tension

10. Answer: (c) Cohesive force = Adhesive force

Very Short Answers:

1.

Answer: Law of floatation states that a body will
float in a liquid, if weight of the liquid displaced
by the immersed part of the body is at least equal
to or greater than the weight of the body.

Answer: The height of the blood column in the
human body is more at the feet than at the brain
as since pressure is directly dependent on height
of the column, so pressure is more at feet than at
the brain.

Answer: It is measured as the force acting on a
unit length of a line imagined to be drawn
tangentially anywhere on the free surface of the
liquid at rest.

Answer: Archimedes’s Principle will not hold in
a vessel in free - fall as in this case, acceleration
due to gravity is zero and hence buoyant force
will not exist.

Answer: Since the surface tension of sea-water
without oil is greater than the oily water,
therefore the water without oil pulls the oily
water against the direction of breeze, and sea
waves calm down.

Answer: Since the cohesive forces between the
oil molecules are less than the adhesive force
between the oil molecules and the drop of oil
spreads out and reverse holds for drop of water.

Answer: The terminal velocity is directly
proportional to the square of radius of the ball,
therefore the ratio of terminal velocities will be

1:4.

10.

Answer: Viscosity is the property of a fluid by
virtue of which an internal frictional force comes
into play when the fluid is in motion and opposes
the relative motion of its different layers.

Answer: Bernoulli’'s theorem is applied in

atomizer and in lift of an aero plane wing.

Answer: According to Bernoulli’s theorem, for an
incompressible non - Viscous liquid (fluid)
undergoing steady flow the total energy of liquid
at all points is constant.

Short Questions Answers:

1.

Answer: The upthrust on the bulb is larger than
the upthrust on the iron weight. When the bell jar
has evacuated the upthrust on both the bulb and
the iron weight become zero. Clearly, the bulb is
affected more than the iron weight. Thus the pan
containing the bulb shall go down.

Answer: Due to the presence of salt, the density
of seawater is more than that of river water.
Hence seawater offers more upthrust as
compared to river water. Therefore a lesser
portion of our body is submerged in, seawater as
compared to river water. Hence it is easier to

swim in sea-water than in river water.

Answer: A vessel in free fall or in a satellite
moving in a circular orbit is in the state of
weightlessness. It means the value of ‘g’ is zero.
Thus the weight of the vessel and upthrust will be
zero. Hence Archimedes’ Principle does not hold
good.

When the elevator accelerates

downward, the weight of the block of wood

Answer:

decreases. Hence it will float higher above the
water’s surface.

Answer: There is a large number of pores and
openings on the skin of a body. Through these
openings, air goes within the system and there is
free communication between the inside and the
outside. The presence of; the air inside the body
counterbalances the pressure outside.

Answer: When sleepers are placed below the
rails, the area of the cross- p section is increased.

We know that P = E, so when the train runs on

the rails, the pressure exerted on the ground due
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10.

11.

12.

13.

to the weight of the train is small because of a
large area of cross-section of the sleeper. Hence
the ground will not yield under the weight of the
train.

Answer: With the increase in height, the
atmospheric pressure decreases. The ink in the
pen is filled at the atmospheric pressure on the
surface of the earth. So as the plane rises up, the
pressure decreases \ and the ink will flow out of
the pen from higher pressure to the low ‘pressure
region. This will spoil the clothes of passengers.

Answer: When the ship is floating, the
metacenter of the ship is above the center of
gravity. While sinking the ship takes in water and
as a result, the center of gravity is raised above
the metacenter. The ship turns over due to the
couple formed by the weight and the buoyant
force.

Answer: The balloon initially rises in the air
because the weight of the displaced air i.e>
upthrust is greater than the weight of the helium
and the balloon. Since the density of air decreases
with height, therefore, the balloon halts at a
particular height where the density of air is such
that the weight of air displaced is just equal to the
weight of helium gas and the balloon. Hence the
net force acting on the balloon is zero and the
balloon stops rising.

Answer: The region where the ball and the
vertical jet of water are in contact is a region of
low pressure because of higher velocity. The
pressure on the other side of the ball is larger.
Due, to the pressure difference, the ball remains
suspended.

Answer: Steam at high pressure is made to enter
the cylinder of the vacuum brake. Due to high
velocity, pressure decreases in accordance with
Bernoulli’s principle. Due to this decrease in
pressure, the piston gets lifted. Hence the brake
gets lifted.

Answer: Dust particles may be regarded as tiny
spheres. They acquire terminal velocity after
having fallen through some distance in the air.
Since the terminal velocity varies directly as the
square of the radius therefore the terminal
velocity of dust particles is very small. So they
settle down gradually.

Answer: The air trapped between the meniscus
of the liquid and the closed end of the tube will be

compressed. The compressed air shall oppose the
rise of liquid in the tube.

14. Answer: 1. The upward thrust acting on the body
immersed in a liquid is called buoyancy or
buoyant force.

2. The center of buoyancy is the center of gravity of the
displaced liquid by the body when immersed in a
liquid.

15. Answer: (a) For a solid body of uniform density,
the center of gravity coincides with the center of
buoyancy.

(b) For a solid body having different densities over
different parts, its center of gravity does not
coincide with the center of buoyancy.

Long Questions Answers:

1. Answer: Let V be the volume of the cube, then
according to Archimedes’ principle,

Loss of weight in water = weight of water
displaced .... (i)

Here, mass in air, ma = 0.5 kg
mass in water, mw = 0.4 kg .... (ii)
p of water = 103 kg m3.

~ From (i) and (ii), we get

(0.5-0.4)g=Vx10’xg

or V:% =10"*m>
10
m 0.5
Now density of cube —% = kgm™
= v 1009
=5x 103 kg m-3

which is less than the density of copper (8.96 x
103 kg m-3). So the cube must be hollow.

2. Answer: Density of pure gold, p = 9.3 g cm3,
mass of gold piece, M=38.250 g

~ volume of the gold piece, V = % = 389'_2350
=4.113 cm3

Also mass of gold piece in water

m’=33.865¢g

~ apparent loss in mass of the gold piece in water
=(M-m)

=(38.250 - 33.865)g

=4385¢g

Pwater = 1 g Cm-3

: m _ 4385  _
~ volume of displaced water = — = —cm 3
p

=4.385 cm3
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-~ volume of the hollow portion in the gold piece
=4.385-4.113

=0.272 cm3.

Answer: Here,1=20m,b=4cm,t=04cm, T =
70 dyne cm-1

Following three forces are acting on the plate:

1. Weight of the plate, W = 40 grand actings
vertically downward.

2. Force due to surface tension acting

vertically downward.
If F be the force due to surface tension, then
F =T x length in contact with water
=70 [2 (length + thickness)]
=70[2 (20 +0.4)]
=70 x (40.8) = 2856 dynes
:298—8506 gf=2,9143 gf.
3. Upthrust, U =Vpg

Now volume of water displaced =1x g xt

:20><é><0.4
2

=16 cm3

r=1gmcm-3

g=980 cm s2
U=16 x1x980 dynes
16x980
=———gf=16¢gf
oo °
Water

~ Netweight=W +F-U
=40+29143-16
=26.9143 gf

Answer: Here, initial radius of soap bubble, r1 =
0

Final radius of soap bubble, r2 = 0.035 m (~ D2 =
0.07m)

Increase in surface area of soap bubble

=2(4nrf —4nr})

—2x4 (0.035)' -0

=8nx0.1225x107
=0.0308 m?
surface tension of soap solution = T = 0.04 Nm!

~ work done to blow soap bubble = increase in
areax T

=0.0308 x 0.04
=1.232x103

Answer: Let r be the new radius =?
3.6960x10° =2| 4r(r? =) |xT
=24 1 ~(0035)" |0.04

3.69x107°
81t x0.04

or r?=1225x10"° +

=1225%x1072 +3.67x1073

=4.875x103m
r =0.07m

Assertion Rason Answer:

1.

(c) If assertion is true but reason is false.
Explanation:

When a liquid is sprayed, the surface area of the
liquid increases. Therefore, work has to be done
in spraying the

liquid, which is directly

proportional to the surface tension.
Because on adding soap, surface tension of water
decreases, the spraying of water becomes easy.
(c) If assertion is true but reason is false.
Explanation:

With increase in temperature surface tension of
the liquid decreases and angle of contact also
decreases.

Case Study Questions-

1.

Surface Tension: The property due to which
the free surface of liquid tends to have the
minimum surface area and behaves like a
stretched membrane is called surface tension. It
is a force per unit length acting in the plane of
interface between the liquid and the bounding
surface i.e, S = F/L, where F = force acting on
either side of an imaginary line on the surface and
L = length of the imaginary line. Surface tension
decreases with rise in temperature. Highly
soluble impurities increase surface tension and
sparingly soluble impurities decrease surface
tension.
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i. The excess pressure inside a soap
bubble is three times than excess
pressure inside a second soap bubble,
then the ratio of their surface area is

a. 9:1
b. 1:3
c. 1:9
d 3:1

ii.  Which of the following statements is not
true about surface tension?

a. A small liquid drop takes spherical
shape due to surface tension.

b.  Surface tension is a vector quantity.

c.  Surface tension of liquid is a molecular
phenomenon.

d. Surface tension of liquid depends on
length but not on the area.

iii. Which of the following statement is not

true about angle of contact?

a. The value of angle of contact for pure
water and glass is zero.

b. Angle of contact increases with
increase in temperature of liquid.

c. If the angle of contact of a liquid and a
solid surface is less than 90°, then the
liquid spreads on the surface of solid.

d. Angle of contact depend upon the
inclination of the solid surface to the
liquid surface.

iv. Which of the following statements is
correct?

a. Viscosity is a vector quantity.

b.  Surface tension is a vector quantity.

c. Reynolds number is a dimensionless

quantity.

d. Angle of contact is a vector quantity
v. Aliquid does not wet the solid surface if

the angle of contact is

a. 0°

b. equal to 45°

c. equalto90°

d. greater than 90°
A system is said to be isolated if no exchange or
transfer of heat occurs between the system and
its surroundings. When different parts of an
isolated system are at different temperature a
quantity of heat transfers from the part at higher

temperature to the part at lower temperature.
The heat lost by the part at higher temperature is
equal to the heat gained by the part at lower
temperature. Calorimetry means measurement
of heat. When a body at higher temperature is
brought in contact with another body at lower
temperature, the heat lost by the hot body is
equal to the heat gained by the colder body,
provided no heat is allowed to escape to the
surroundings. A device in which heat
measurement can be done is called a calorimeter.
It consists of a metallic vessel and stirrer of the
same material, like copper or aluminium. The
vessel is kept inside a wooden jacket, which
contains heat insulating material. Matter
normally exists in three states: solid, liquid and
gas. A transition from one of these states to
another is called a change of state. Two common
changes of states are solid to liquid and liquid to
gas (and, vice versa). These changes can occur
when the exchange of heat takes place between
the substance and its surroundings. The change
of state from solid to liquid is called melting and
from liquid to solid is called fusion. It is observed
that the temperature remains constant until the
entire amount of the solid substance melts. That
is, both the solid and the liquid states of the
substance coexist in thermal equilibrium during
the change of states from solid to liquid. The
temperature at which the solid and the liquid
states of the substance is in thermal equilibrium
with each other is called its melting point. The
change of state from liquid to vapour (or gas) is
called vaporisation. It is observed that the
temperature remains constant until the entire
amount of the liquid is converted into vapour.
That is, both the liquid and vapour states of the
substance coexist in thermal equilibrium, during
the change of state from liquid to vapour. The
temperature at which the liquid and the vapour
states of the substance coexist is called its boiling
point. The change from solid state to vapour state
without passing through the liquid state is called
sublimation, and the substance is said to sublime.
Dry ice (solid CO2) sublimes, so also iodine.
During sublimation both the solid and vapour
states of a substance coexist in thermal
equilibrium.

i.  Device used for measurement of heat is

a. Calorimeter
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iv.

V.

b. Thermometer
c. Bothaandb
d. Noone ofthese

The change of state from solid to liquid is
called

a. Melting

b. Vaporization

c.  Sublimation

d. None of these

Define melting point and boiling point
What is sublimation?

Define fusion process

Case Study Answer-

1.

Answer

I.

il.

iil.

(c)1:9
(b) Surface tension is a vector quantity.

(d) Angle of contact depend upon the
inclination of the solid surface to the liquid

| 221

iv.  (c) Reynolds number is a dimensionless
quantity.

v.  (d) greater than 90°

Answer

i.  (a) Calorimeter

ii. (a) Melting

iii. The change of state from solid to liquid is
called melting process and temperature at
which conversion of solid into liquid
happens is called as melting point.
The temperature at which the liquid and the
vapour states of the substance coexist is
called its boiling point.

iv. The change from solid state directly into

vapour state without passing through the
liquid state is called sublimation, and the
substance is said to sublime.

The change of state from liquid state to solid
state is called as fusion process.

>
>

o%e 030
surface.
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Thermal Properties
of Matter

Introduction

You might have noticed that you feel hotter on a sunny afternoon as
compared to a windy night. This is because of the difference in temperatures.
Temperature is very high in the afternoon as compared to night. This chapter
basically gives us the

Examples: information about thermal properties of matter where we will
study about the properties of different substances by virtue of heat / heat
transfer.

In simple terms, we can say that when temperature is more heat is more and ‘_
when temperature is less heat is less.

Hot Sunny day (Temperature is more) and ice-cold water (Temperature is less).

Thermal Properties of Matter

Thermal properties are those properties of a material which is related to its conductivity of heat. In other words,
these are the properties which are exhibited by a material when heat is passed through it. Thermal properties
come under the broader topic of physical properties of materials.

Thermal properties of a material decide how it reacts when it is subjected to heat fluctuation (excessive heat or
very low heat, for example). The major components of thermal properties are:

e  Heat capacity
e  Thermal Expansion
e  Thermal conductivity

. Thermal stress

Heat Capacity

Heat capacity of a material can be defined as the amount of heat required to change the temperature of the material
by one degree. The amount of heat is generally expressed in joules or calories and the temperature in Celsius or
Kelvin. In order to calculate the heat capacity of materials with a given dimension, Molar heat capacity or Specific
heat capacity is used.

Heat capacity can be measured by the following formula:
) = mcB

is the amount of heat transferred, is the change in temperature.
Heat Transfer: Thermal Conductivity

Heat Transfer

Heat is a very curious form of energy. It helps us stay warm, prepare hot and tasty food but its applications far
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exceed the domestic uses mentioned here. Understanding the properties of heat and heat transfer is the key to

many fields of science. Thermodynamics is a massive field that deals only with the flow of heat through a system
that is heat transfer through a system. Even nuclear energy uses the heat developed by the atom to create
electricity. So it is clear that heat is quite important to us. That makes it imperative for us to take a closer look at
heat.

Heat transfer can occur only through three means:
e  Conduction
e  Convection

) Radiation

Heat Transfer: Conduction

conduction

Heat Conduction refers to the transfer of heat between bodies due to physical contact between them. The transfer
of heat by conduction actually occurs at a molecular level. Absorption of heat by a body causes the molecules of
that body to gain excess energy. What do you do when you’re too energetic? You get very jittery and shaky, don’t
you? You just want to move around to expend this energy. That is exactly what molecules do too.

In the process of gaining energy and vibrating excessively, they bump into their neighbours and transfer a little of
its extra energy to them. This extra energy appears in the neighbouring molecules and heats them up too. This is
how heat is transferred as long as heat is still being supplied.

Factors Affecting Thermal Conductivity
The rate of thermal conductivity depends on four basic factors:

Temperature Gradient: This is a physical quantity that illustrates to us in which direction and at what rate the
temperature changes the most rapidly around a particular location. It basically tells us about the temperature
difference between places and the direction of the transfer due to it. It is important to remember that heat always
flows from the hottest to the coldest spot. This flow will continue till the temperature difference disappears and a
state of thermal equilibrium is reached.

Cross-section and path length are dependent on the physical dimensions of the body. If the size of the body is large,
then the heat required to heat it is also larger. With large bodies, we also have to consider the heat loss to the
environment. Also, a greater surface area between the hot and the cold body implies a greater rate of heat transfer.

The physical properties of the body play an immense role in thermal conductivity through the body. Not all bodies
are blessed with the same thermal behaviour. We measure the rate of transfer of heat through the material using
a parameter called the Thermal Conductivity of the material (K). The more the value of K, the more easily and
quickly it can conduct heat. The SI Unit of K is JS-1m-1K-1. The thermal conductivity of a material is measured on a
scale. This scale has two extremes; on the end of high thermal conductivity we have Silver with a perfect score of
a 100 in heat conduction. On the other end of the scale, we have a vacuum, which is absent of molecules and hence
is incapable of conducting heat. Everything else is ranked between this, for example, Copper (92), iron (11), water
(0.1), Air (0.006), and Wood (0.03). Materials that are poor conductors of heat are called insulators.
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Thermal Expansion

When heat is passed through a material, its shape changes. Generally, a material expands when heated. This
property of a material is called Thermal Expansion. There can be a change in the area, volume and shape of the
material. For example, railway tracks often expand and as a result, get misshapen due to extreme heat.

Thermal conductivity

It is the property of a material to conduct heat through itself. Materials with high thermal conductivity will conduct
more heat than the ones with low conductivity. Some materials do not conduct heat at all because of the insulating
properties of materials.

Thermal stress

The stress experienced by a body due to either thermal expansion or contraction is called thermal stress. It can be
potentially destructive in nature as it can make the material explode.

Measurement of Temperature

Temperature is measured with the help of thermometer. Mercury and Alcohol are commonly
used liquids in the liquid-in-glass thermometers.

To construct a thermometer two fixed points are to be chosen as a reference points. These fixed
points are known as freezing (ice point) and boiling point (steam point). The water freezes and
boils at these two points under standard pressure.

The ice and steam point in Fahrenheit Temperature scale are 32°F and 212 °F resp. It has 180
equal intervals between two reference points.

On Celsius Scale values are 0°C and 100°C for ice and steam point resp. It has 100 equal intervals
between two reference points.

Graphically the relation between the temperature in Celsius and in Fahrenheit is given by the
following graph:

Tr

Temperature

(Fahrenheit) Ote= 1807

Mercury-in-
Thermometer

o Ote= 180° ------ 1

0 Temperature(Celsius) 100 ke

And whose equation is:

180 100
Where tr = Fahrenheit temperature

tc= Celsius temperature

Ideal-gas Equation and Absolute Temperature

A thermometer that uses any gas, however, gives the same readings regardless of which gas is used because all
gases have same expansion at low temperature.

Variables that describe the behaviour of gas are:
Quantity (mass), Pressure, Volume

Temperature i.e. (P,V,T) where (T = t + 273.15; t is the temperature in °C)

@ www.stepupacademy.ind.in o @stepupacademyindia ) @stepupacademyindia @ @stepupacademy_



@Step Up Academy | 225

Gases which have low density obey certain laws:

1.Boyle’s Law- PV = constant (when temperature T is constant)
2.Charles’ Law- V/T = constant (when pressure P is constant)

If combine both the above laws the equation becomes PV = RT where R is
called universal gas constant and its value = 8.31 ] mol-1 K-1.

Y-AxiS pressure

PV = RT is the ideal gas equation which is applicable only at low -
temperature. . 3

For any quantity of dilute gas,

PV = uRT where |, is the number of moles in the sample of gas.

In a constant volume gas thermometer temperature varies with respect

to pressure. Temperature changes linearly with increase in pressure. X- Axis Temperature

Absolute Zero

Absolute Zero is defined as minimum absolute temperature
Pressure

F.3

If we plot pressure versus temperature, we get a straight
line and if we extend the line backwards to the x-axis as
shown in the graph below. The minimum temperature is

found to be 273.15 °C (experimentally) and this value is 2731 5°C /
known as absolute zero. ]_ e
=7 |

of an ideal gas.

|
The relation between the temperature in kelvin and in ooo%  -l00°C oc 100

h 2

Celsius scale is given by

T=tc+273.15

Temperature

Thermal Expansion
Thermal expansion is the phenomenon of increase in dimensions of a body due to increase in its temperature.
Examples of Thermal Expansion

The water is cold at the top of the lake because it expands and becomes less dense. So when this water freezes it
insulates the water below it from the outside which means cold air is like a blanket. It is because of this property

many fish can survive in the winter.

=

[ !“
-

- -

(63
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(2)

Even though the top layer of water is frozen as we can see in the image (1), the plant and

animal life is not getting affected as shown in the image (2).

As soon as we turn on a hot water tap, the water comes very fast as water is still cold. But
as soon as hot water starts coming , the flow of water becomes less and in some cases it
stops. This is because the hot water heats the metal valve inside the tap which expands to

block off any more flow of water.

Reason why Thermal Expansion happens is:

When any object is heated particles start moving in random motion and thus average

distance between the molecules increases and a result the object appears to be expanded ! ‘

when heated. As we can see the picture below atoms is tightly packed but when we apply

heat they will start moving in random motion.

As we can see in the Image (a) molecules are very tightly packed but
when heated the molecules start moving apart in random motion,
which can be seen in Image (b).

When an object is cooled it contracts which is referred as negative
thermal expansion.

Types of Thermal Expansion
Linear Expansion: The expansion in length
Area Expansion: The expansion in area

Volume Expansion: The expansion in volume

Linear Expansion

Linear Expansion means expansion in length due to increase in
temperature. Linear expansion means fractional change in length i.e.
how the length is changing with respect to original length.

As we can see from above images the length has been increased from

Itol+ AL

Coefficient of Linear Expansion is a parameter which tells us how the
size of the object changes with change in temperature. It is defined as
degree of linear expansion divided by the change in temperature.

If the solid is in the form of long rod, then for small change in
temperature, AT, the fractional change in length, Al/l, is directly
proportional to AT.

Mathematically can be written as:

g:alAT
l

Where a1 = the coefficient of linear expansion

It is denoted by ai

It is characteristic of the material of the rod. It varies for different substance.

Example

Automatic hot water kettle switches off on its own when the water boils.

Metals expand more and have higher value of coefficient of linear expansion.

Relation between av and ai

A
LEnearExpansion;mT
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Relation between coefficient of linear expansion and 3(4

R
[

coefficient of volume expansion =

To derive the above relation consider a block of cube
initially its length is | ,suppose temperature is increased T
+ AT as a result length will also increase from (1+Al)

(D)
Then a; = -t~

AT
Therefore, alAT = Al

Also as the temperature increases by AT the volume also
increases V + AV

Where AV = change in volume which we can write as
AV =(1+Al)3-13

By solving we get AV = 312Al (we are neglecting (Al)2 and (Al)3 as they are very small as to compared to 1.

Therefore, AV = @

= 3VaAT

Which gives av = 3au the relation between coefficient of volume expansion and coefficient of linear expansion.

Heat Capacity

The change in temperature of a substance, when a given quantity of heat is absorbed or rejected by substance is
characterised by a quantity called the heat capacity of that substance.

It is denoted by S.

Itis givenas S = AQ/ AT

Where AQ = amount of heat supplied to the substance and T to T + AT change in its temperature.
Specific heat capacity:

Every substance has a unique value for the amount of heat absorbed or rejected to change the temperature of unit
mass of it by one unit. This quantity is referred to as the specific heat capacity of the substance.

Mathematically can be written as:
5.0
AT
Where AQ = amount of heat absorbed or rejected by a substance

AT = temperature change

Specific Heat Capacity

Specific heat is defined as the amount of heat per unit mass absorbed or rejected by the substance to change its
temperature by one.

Mathematically can be written as:

5_140

m mAT

Where
AQ = amount of heat absorbed or rejected by a substance
m = mass
AT = temperature change
It depends on the nature of the substance and its temperature.

The SI unit of specific heat capacity is ] kg1 K1
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Molar specific heat capacity:

Heat capacity per mole of the substance is the defined as the amount of heat (in moles) absorbed or rejected
(instead of mass m in kg) by the substance to change its temperature by one unit.

Mathematically can be written as:

s A
c=3_4%;
roon

Where,
pu= amount of substance in moles
C = molar specific heat capacity of the substance.
AQ = amount of heat absorbed or rejected by a substance.
AT = temperature change
It depends on the nature of the substance and its temperature.

The SI unit of molar specific heat capacity is Jmol-1 K1
Calorimetry

Calorimetry is made up of 2 words:

Calorie which means heat and metry means measurement.
Therefore, Calorimetry means measurement of heat. nermometer

Calorimetry is defined as heat transfers from a body at a higher
temperature to a body at a lower temperature provided there is
no loss of heat to the atmosphere.

Principle of Calorimetry is heat lost by one body is equal to the C:3|.:,,-i,-n,-:t,-_.,-
heat gained by another body.

The Device which measures Calorimetry is known as

Calorimeter. Insulation

Description of Calorimeter M

A calorimeter consists of metallic vessel and a stirrer both are

made of same material (copper or aluminum) and the vessel is kept in a wooden jacket so that there is no heat
loss. A mercury thermometer can be inserted through a small opening in the outer jacket.

Change of State

The transition from either solid to liquid or gas and gas to either liquid or solid is termed as change of state.

¢

Water to Steam

Ice to Water

We can from the above image solid (ice) changes to liquid (water) and liquid changes to vapour (gas).

Change from solid (ice) to liquid (water) is known as Melting.
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Change from liquid (water) to solid (ice) is known as Fusion.

£
;
100 - 7
Temperstursl "C)
% tm - Timelmin)

Thermal Equilibrium: At this state there is no loss or gain of heat takes place.

The temperature at which the solid and the liquid states of the substance are
in thermal equilibrium with each other is called its melting point.

It is depends on the
Substance

Pressure.

The melting point of a substance at standard atmospheric pressure is called
its normal melting point.
Regelation:

Regelation can be defined as phenomenon in which the freezing point of water is lowered by the application of
pressure.

Example:

Girl skating on snow

Glaciers

Cause of regelation:

If we have a block of ice and a copper wire pulled by two masses if we will observe that copper wire can pass
through ice block this is because copper is good conductor of heat so as it passes through the ice it gets refreeze as
the copper will generate heat and this heat will pass quickly to the ice below and it starts melting because there is
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increase in pressure which lowers temperature as a result the wire will move through the ice. This happens

because of regelation.

‘Block of Ice

=
_,_
Metallic Block Copper Wire

Metallic Block

The image above explains how a copper wire can pass through the block of ice.
Vaporisation: Transition from liquid to vapour.
The change of state from liquid to vapour (or gas) is called vaporisation.

The temperature at which the liquid and the vapour states of the substance
coexist is called its boiling point.

Boiling point at standard atmospheric pressure is known as normal boiling
point.

It depends on nature of substance & pressure

It increases with increase in pressure and vice versa.

Example: As altitude increases, the density of the air becomes thinner, and thus

exerts less pressure. At high altitudes, external pressure on water is therefore decreased and will hence take less
energy to break the water. If less energy is required it means less heat and less temperature which means that
water will boil at a lower temperature.

Sublimation: Transition from Solid to Vapour.

During the sublimation (solid changes to vapour without going through liquid state) process both the solid and
vapour states of a substance coexist in thermal equilibrium.

Example:
Dry ice (solid CO2) sublimes iodine.

Naphthalene balls sublimes to gaseous state.
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Top Formulae

Ideal gas equation connecting PV = uRT,

pressure (P), volume (V) and absolute | where p is the number of moles and R is
temperature (T) the universal gas constant.

Relation between temperatures on If Tc, Te and Tk are temperature

various scales )
values of a body on the Celsius scale,

Fahrenheit scale and Kelvin scale,
then

Tc-0 T -32 T, -273.15
100 180 100

Relation between critical temperature | If the triple point of water is chosen as
and pressure at triple point the reference point, then

T, = 2?3.16{}]

tr

where P is the pressure at unknown
temperature T and Py is the pressure at

triple point.
Coefficients of expansion (i) Coefficient of linear expansion
o - AL
T L(AT)
(ii) Coefficient of area expansion
B = AS
~ S(AT)
(iii) Coefficient of volume expansion
AV
Y =
o V(AV)
Relation between coefficients of p=2a;y=3a

expansion

Variation of density with temperature |p=po(1-7y AT)

Specific heat capacity of a substance 5= m AT

where m is the mass of the substance

and AQ is the heat required to change its
temperature by AT.

Molar specific heat capacity C- 1AQ

B AT
where p is the number of moles of the
substance.
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Change of heat

AQ=ms AT

where s is the specific heat of the
substance.

Molar specific heat of substance

C=m=xs

Method of mixtures

Heat gained = Heat lost

i.e. mass x specific heat x rise in
temperature = mass x specific heat x fall
in temperature

Change of state

AQ=mL

where L is the latent heat of the
substance.

Relation between specific heat
capacity at constant volume and
pressure

R

CF"C\-'= j:

where R = 2 =gas constant for one

gram mole of the gas.

Specific heat capacities of mono and
polyatomic gases

For monatomic gases, C, = = R;

N W

For diatomic gases, C, = % R,C,= % R
For triatomic gases (non-linear
molecule), C,=3 R, C,=4R

For triatomic gases (linear molecule)

7 9
CV=ER,Cp=ER

Rate of conduction of heat

AQ _a AT
At ,

where % = temperature gradient = rate

of fall of temperature with distance, A =
area of the hot surface, K = coefficient of
thermal conductivity.
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Latent heat

If conducted heat is used in changing the
state of m gram of the substance, then

AT
AQ = mL = KA| — At,
Q=m [Ax)

where L is the latent heat of the
substance,

Specific heat: Change in temperature

If the conducted heat is used in
increasing the temperature of the
substance through range A 6, then

_ _ka[AT)
AQ =smAD = KA(Ax)At
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Mode of heat transfer
(i)Conduction : heat transfer
through molecular collisions
without any actual motion of
matter.

(ii)Convection : heat transfer
by actual motion of matter
within the medium. Land
breeze, sea breeze, trade winds
based on natural convection
are some examples.
(iii)Radiation : method of heat
transfer requiring no material
medium.

-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
-
-
-
-
-
.

o

A form of energy,
transferred between
two systems by
virtue of
temperature
difference.

P Y

Specific Heat

AQ
Heat capacity s =——
AT

SEREREsEAERREREREREY

g.. """'""i_'a'fé;,'t"..;;;{"""""""é ;AF Tl::armal Stress

E Heahequh'edmchangemestaceofunitnmsssubstanceE E A -Y(T],YsYoung’smodulus
: whhontchanslnglnkmpmmm,lﬁ% § eSS S PR e
§ For water, latent heat of fusion, L, = 33310°/kg & rJ

§ Latent heat of vapouﬂsaﬁonk=22.6}[ﬂm\ E

Linear expansion
Increase of length of a
solid on heating.
Coefficient of linear
expansion

Al L-1,
LAT  I(T-T,)

a=

AR ARAEARREEAREANARRAR RSN,
L R e
T T

Specific heat capacity C = ni,=%-

A
Molar specific heat capacity, ¢ -s: nST

JreEREsEEsssAsssEEEssssssssensaEs

Increase in area of a solid on

Class : 11th Physics

Chapter- 11: Thermal Properties of Matter

Wien displacement
1 b
— Or A =—
T .
b(wine’s constant)=2.9x10>mK

: Newton's law of cooling

«+ For small temperature difference between
+ abody and its surroundings, the loss of

-

E heat is given by — :—? =k (%-T)

-

T L R T

Thermal Laws

wasensnsssnssnnnnnnny

Stefan's
Boltzmann law
E«<T*; E = oT*
6=5672 Js 'm*K*
For a perfectly black body

E=o(T*-T;)

e ssssRE R

Thermal
Properties of
Matter

' Thermal Expansion
Increase in
dimensions due to
increase in
temperature

ennnssnsnnnn et

[ Types (In solids) ]

Superficial or area
Expansion

heating. Coefficient of
superficial expansion

_AA _ dA A(,l'__'}ru_
AAT AdT A(T-T)

»
.
"
3
.
3
3
3
.
"
"
"
3
.
.
»
.
3
»
.
3
3
.
.
3
3
.

At any given temperature % =E, = constant }
A

Relation
Y=2p=3a
or
aby=1:2:3

R L T T

Kirchhoff's Law

Relation among different
temperature scales

T-0 T,-32 T-273815 _R-0

100-0 212-32 37315-27315 80-0

SERRssnennnnnnny
AssEsnEsEEERRNREY

Temperature
Degree of hotness or
coldness of a body
measuring device =
Thermometer

SUssssssndnsnnnnanng
Fassssnsnnnnnnnnnnn

..................

:  Thermal

- Conductivity
Y (k)= QX .
. (k) XTETT__

..................

Principle of
calorimetry
Heat lost = Heat Gain

Senssssnnus

¢ Cubical or volume :
. i expansion :
: I Increaseinvolumeofa :
: solid on heating. :
: i Coefficient of cubical i
: expansion. :
P, AV av v-v,

P TTNAr Vet vty
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Important Questions

Multiple Choice Questions-

1.

Two stars A and B radiate maximum energy at
3600°A and 3600°A respectively. Then the ratio
of absolute temperatures of A and B is

(a) 256:81

(b)81:256

(©)3:4

(d)4:3

Which of the following will radiate heat to large
extent?

(a) Rough surface

(b) Polished surface

(c) Black rough surface

(d) Black polished surface

Two spheres made of same material have radii in
the ratio 2 : 1. if both the spheres are at same
temperature, then what is the ratio of heat
radiation energy emitted per second by them?

(@)1:4
(b)4:1
(©)3:4
(d)4:3
The earth intercepts approximately one billionth
of the power radiated by the sun. if the surface
temperature of the sun were to drop by a factor

of 2, the average radiant energy incident on earth
per second would reduce by factor of

(@2

(b) 4

(08

(d)16

A bucket full of hot water is kept in a room and it
cools from 75°C to 70°C in t1 minutes from 70°C

to 65°C in t2 minutes and from 65°C to 60°C in t3
minutes; then

(a)tl-t2=13
(b)tl<t2<t3
(c)t1>t2>13
(dtl<t2>13

A sphere, a cube and a thin circular plate, all made
of the same material and having the same mass

10.

are initially heated to a temperature of 3000°K,
which of these will cool fastest?

(a) Sphere
(b) Cube
(c) Plate
(d) None

A perfectly black body emits radiation at
temperature T!K. if it sis to radiate 16 times this
power, its temperature TZ. will be

(@) T?=16T!

(b) T>=8T!

(c)T1=4T!

(A T*=2T!

Unit of Stefans constant is given by

(a) W/ mK?

(b) W/ m? K?

(c) W?/ m? K4

(d) W/ mK

The good absorber of heat are

(a) Non-emitter

(b) Poor-emitter

(c) Good-emitter

(d) Highly polished

A black body is at a temperature of 500K. it emits
energy at a rate which is proportional to

(a) 500
(b) (500)2
(c) (500)3
(d) (500)4

Very Short:

1.

The fact that the triple point of a substance is
unique is used in modern thermometry. How?

Is it possible for a body to have a negative
temperature on the Kelvin scale? Why?

(@) Why telephone wires are often given snag?
(b) Thetemperature of a gas is increased by 8°C.

What is the corresponding change on the
Kelvin scale?

There is a hole in a metal disc. What happens to
the size of the hole if the metal disc is heated?
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10.

11.

12.
13.

14.

15.

Milk is poured into a cup of tea and is mixed with
a spoon. Is this an example of a reversible
process? Why?

The top of a lake is frozen. Air jn contact with it is
at -15°C. What do you expect the maximum
temperature of water in contact with the lower
surface ice? What do you expect the maximum
temperature of water at the bottom of the lake?
How does the heat energy from the sun reaches
Earth?

Why does not the Earth become as hot as the Sun
although it has been receiving heat from the Sun
for ages?

Why felt rather than air is employed for thermal
insulation?

What are the three modes of transmission of heat
energy from one point to another point?

Why a thick glass tumbler cracks when boiling
liquid is poured into it?

What is the basic principle of a thermometer?
Out of mass, radius and volume of a metal ball,
which one suffers maximum and minimum
expansion on heating? Why?

The higher and lower fixed points on a
thermometer are separated by 160 mm. If the
length of the mercury thread above the lower
point is 40 mm, then what is the temperature
reading?

Two thermometers are constructed in the same
way except that one has a spherical bulb and the
other an elongated cylindrical bulb. Which of the
two will respond quickly to temperature changes.

Short Questions:

1.

Why gas thermometers are more sensitive than
mercury thermometers?

Why the brake drum of an automobile gets
heated up when the automobile moves down a
hill at constant speed?

A solid is heated at a constant rate. The variation
of temperature with heat input is shown in the
figure here:

10.

11.

12.

13.

14.

15.

(a) Whatis represented by AB and CD?

(b) What conclusion would you draw1 if CD =
2AB?

(c) Whatis represented by the slope of DE?

(d) What conclusion would you draw from the
fact that the slope of OA is greater than the
slope of BC?

Define:
(a) Thermal conduction.

(b) Coefficient of thermal conductivity of a
material.

On what factors does the amount of heat flowing
from the hot face to the cold face depend? How?

State Newton’s law of cooling and define the
cooling curve. What is its importance?

Explain why heat is generated continuously in an
electric heater but its temperature becomes
constant after some time?

A woollen blanket keeps our body warm. The
same blanket if wrapped around ice would keep
ice cold. How do you explain this apparent
paradox?

Aliquid is generally heated from below. Why?

If a drop of waterfalls on a very hot iron, it does
not evaporate fora long time. Why?

On a hot day, a car is left in sunlight with all the
windows closed. After some time, it is found that
the inside of the car is considerably warmer than
the air outside. Explain why?

It takes longer to boil water with a flame in a
satellite in gravitational field-free space, why?
How it will be heated?

Find y for polyatomic gas and hence determine its
value for a triatomic gas in which the molecules
are linearly arranged.

Food in a hot case remains warm for a long time
during winter, how?

You might have seen beggars sleeping on
footpaths or in open in winter with their hands

E and knees pulled inside. Similarly dogs too curl
while sleeping in winter. How does such action
c D help anybody?
[

T B Long Questions:
1. Calculate the increase in the temperature of the
0 oot inout water which falls from a height of 100 m. Assume
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that 90% of the energy due to fall is converted
into heat and is retained by water. ] = 4.2 ] cal L.

A clock with a steel pendulum has a time period
of 2s at 20°C. If the temperature of the clock rises
to 30°C, what will be the gain or loss per day? The
coefficient of linear expansion of steel is 1.2 x 10-
51

The thermal conductivity of brickis 1.7 W mt K1
and that - of cement is 2.9 W m'1 K1. What
thickness of cement will have the same insulation
as the brick of thickness 20 cm.

Two metal cubes A and B of the same size are
arranged as shown in the figure. The extreme
ends of the combination are maintained at the
indicated temperatures. The arrangement is
thermally insulated. The coefficient of thermal
conductivity of A and B are 300 W/m°C and 200
W/m°C respectively. After a steady-state is
reached, what will be the temperature of the

interface?
i e———sy r\/\.M.u
100°C | A B 0°C
T
AP A NV'\.-"'J

The heat of combustion of ethane gas is 373 Kcal
per mole. Assuming that 50% of heat is lost, how
many litres of ethane measured at STP must be
burnt to convert 50 kg of water at 10°G to steam
at 100°C? One mole of gas occupies 22.4 litres at
S.T.P. Latent heat (L) of steam = 2.25 x 106 JK-1.

Assertion Reason Questions:

1.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these

questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the
assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(c) Ifassertion is true but reason is false.
(d) Ifthe assertion and reason both are false.

Assertion: Specific heat capacity is the cause of
formation of land and sea breeze.

Reason: The specific heat of water is more than
land.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the
assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(c) Ifassertion is true but reason is false.
(d) Ifthe assertion and reason both are false.

Assertion: A brass disc is just fitted in a hole in a
steel plate. The system must be cooled to loosen
the disc from the hole.

Reason: The coefficient of linear expansion for
brass is greater than the coefficient of linear
expansion for steel.

Answer Key

Multiple Choice Answers-

1.

vt N

Answer: (d) 4:3

Answer: (c) Black rough surface
Answer: (b) 4:1

Answer: (d) 16

Answer: (b) t1 <t2 <t3

© ® N

Answer: (c) Plate
Answer: (d) T>=2T1
Answer: (b) W/ m? K?
Answer: (c) Good-emitter
Answer: (d) (500)4
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Very Short Answers:

1.

10.
11.

12.

13.

14.
15.

Answer: In modern thermometry, the triple
point of water is a standard fixed point.

Answer: No. Because absolute zero of

temperature is the minimum possible

temperature on the Kelvin scale.
Answer:

(a) It is done to allow for safe contraction in
winter.

(b) 8K

Answer: The size of the hole increases on heating
the metal disc.

Answer: No. When milk is poured into tea, some
work is done which is not recoverable. So the
process is not reversible.

Answer: 0°C, 4°C.
Answer: [t reaches by radiation.

Answer: Earth loses heat by convection and
radiation.

Answer: In the air, loss of heat by convection is
possible. But convection currents cannot be set
up in felt.

Answer: Conduction, Convection and Radiation.

Answer: Its inner and outer surfaces undergo
uneven expansion due to the poor conductivity of
glass, hence it cracks.

Answer: The variation of some physical property
of a substance with temperature constitutes the
basic principle of the thermometer.

Answer: Volume and radius suffer maximum and
minimum expansions respectively as y = 3a.

100X40
160

Answer: The temperature reading = 25.

Answer: The thermometer with a cylindrical
bulb will respond quickly as the area of the
cylindrical bulb is greater than the area of the
spherical bulb.

Short Questions Answers:

1.

Answer: This is because the coefficient of
expansion of a gas is very large as compared to
the coefficient of expansion of mercury. For the
same temperature change, the gas would
undergo a much larger change in volume as
compared to mercury.

Answer: Since the speed is constant so there is
no change of kinetic energy. The loss in

gravitational potential energy is partially the gain
in the heat energy of the brake drum.

Answer: (a) The portions AB and CD represent a
change of state. This is because the supplied heat
is unable to change the temperature. While AB
represents a change of state from solid to liquid,
the CD represents a change of state from liquid to
vapour state.

(b) It indicates that the latent heat of
vaporisation is twice the latent heat of
fusion.

(c) Slope of DE represents the reciprocal of the

thermal or heat capacity of the substance in

vapour state i.e. slope 0f DE = CL mic(

dQ
dQ = mCAT).
(d) Specific heat of the substance in the liquid

state is greater than that in the solid-state as

the slope of OA is more than that of BC i.e.
1

1 .
> —— where Ci, C2 are specific heats
mCy mC,

mCi mCz of the material in solid and liquid
state respectively.

Answer: (a) It h defined as the process of the
transfer of heat energy from one part of a solid. to
another part at a lower temperature without the
actual motion of the molecules. It is also called
the conduction of heat.

(b) It is defined as the quantity of heat flowing
per second across the opposite faces of a
unit cube made of that material when the
opposite faces are maintained at a
temperature difference of 1K or 1°C.

Answer: If Q is the amount of heat flowing from
hot to the cold face, then it is found to be:

1. directly proportional to the cross-sectional
area (A) of the face

ie. QoA ..(1)

2. directly proportional to the temperature
difference between the two faces, i.e. Q < A
-(2)

3. directly proportional to the time t for which
the heat flowsie. Q xt ... (3)

4. inversely proportional to the distance ‘d’
between the two faces.

LanimH]

Combining factors (1) to (4), we get
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X ——t
Q Ax

or

KAAet
oc —_—
Q Ax

where K is the proportionality constant known as
the coefficient - of thermal conductivity.

Answer: Newton’s law of cooling: States that the
rate of loss of heat per unit surface area of a body
is directly proportional to the temperature
body and the
surroundings provided the difference is not too
large.

difference  between the

Cooling Curve: It is defined as a graph between
the temperature of a body and the time. It is as
shown in the figure here.

The slope of the tangent to the curve at any point
gives the rate of fall of temperature.

T —>

T

Answer: When the electric heater is switched on,
a stage is quickly reached when the rate at which
heat is generated by an electric current becomes
equal to the rate at which heat is lost by
conduction, convection and radiation and hence
a thermal equilibrium is established. Thus
temperature becomes constant.

Answer: Wool is a bad conductor of heat.
Moreover wool encloses air in it which is a bad
conductor. There can also be no loss of heat by
convection. The woollen blanket keeps us warm
by preventing the heat of the human body to flow

outside and hence our body remains warm.

Answer: When a liquid is heated, it becomes
rarer due to a decrease in density and it rises up.
Liquid from the upper part of the vessel comes
down to take its place and thus convection
currents are formed. If the liquid is heated at the
top, no such convection currents will be formed
and only the liquid in the upper part of the vessel
will become hot. However, the temperature in the
lower part of the vessel will rise slightly due to a
small amount of heat conducted by the hot liquid
in the upper part of the vessel.

10.

11.

12.

13.

Answer: When a drop of waterfalls on a very hot
iron, it gets insulated from the hot iron due to the
formation of a thin layer of water vapour, which
is a bad conductor in nature. It takes quite a long
to evaporate as heat is conducted from hot iron
to the drop through the layer of water vapour
very slowly.

On the other hand, if a drop of waterfalls on an
iron which is not very hot, then it comes in direct

contact with the 1iron and evaporates
immediately.
Answer: Glass possesses the property of

selective absorption of heat radiation. It also
transmits about 50% of heat radiation coming
from a hot source like the sun and is more or less
opaque to the radiation from moderately hot
bodies (at about 100°C or so). Due to this, when a
car is left in the sun, heat radiation from the sun
gets into the car but as the temperature inside the
car is moderate, it cannot escape through its
windows. Thus glass windows of the car trap the
sun rays and because of this, the inside of the car
becomes considerably warmer.

Answer: Water boils with flame by the process of
convection. Hot lighter particles raise up and
heavier particles move down under gravity. In. a
gravity-free space in the satellite, the particles
cannot move down hence, water can’t be heated
by convection.

It will be heated by conduction.

Answer: The energy of a polyatomic gas having n
degrees of freedom is given by

E Lt x N =Rt
=n x=kT X N ==
S 2

¢ _dE_n
dT 2

n
¢, =C, +R:ER+R

! c, n n
2
In case of a triatomic gas,n =7
1 +2 i
o y = 7 S 7
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14. Answer: The hot case is a double-walled vessel. mx 210 =m x AB x 103
The space between the walls is evacuated in a or
good hot case. The food container placed inside 210
the hot case is made of crowning steel, thus A8 = 105~ 0.21°C.
neither the outside low-temperature air can Answer: Here a = 1.2 x 10-1 °C-1
enter the container nor the heat from inside can
escape through the hot case by conduction or At=30-20=10°C
convection. The highly polished shining surface T =2s.
of the food container helps in stopping loss of Using the relation, Al =1 a At, we get
heat due to radiation. Thus, the heat of the food is a_ o At
preserved for along time and food remains hot in L
winter. =1.2x10°x10=1.2x10* (D)
15. Answer: The heat radiated or emitted from a

body at a given temperature depends on

1. the temperature difference between the
body and the surrounding,

2. area of the body in contact with the
surroundings and

3.  the nature of the body.

For man and animals in winter (1) and (2)
factors remain what they are. So, in order to
preserve, their body heat they curl up to
reduce the surface area in contact with cold
air.

Long Questions Answers:

1.

Answer: Here, h =100 m
Let m (kg) = mass of water
=~ Its P.E. at a height h = mgh

Energy of fall retained by water i.e. useful work
done is given by,

W =90% of mgh

%00
BET R
90

=mmx98>(100

=882m].

mxs8s82]

-~ Heat retained, Q 4.2] cal™1

=mx 210 cal ...(i)
Specific heat of water C = 10 cal kg1 °C?

Let AB (°C) be the rise in the temperature of
water.

~ Heat gained, Q = mCA®O
=mx 103 x A@

=m x AB x 103 cal .... (ii)

~ From (1) and (ii), we get

AT = ZnJ;..(ii)

If T be the time period of the pendulum, when 1
increases by Al, then

T'=2n [+Al
\]g

_on |1 (1+ AIJ ...(ii)
g 1

Mglve / \/1+1 2x107*

~ loss in time in one oscillation T' - T
Hence loss in time in one day is given by

T'—T

«24x3600 s
( )x24x36003
[ 141210 — 1]><24><36OOS

1+ ><1 2x10° 4—1}<24><3600$

2><10_4><24><3600
2

=5.18s.

Answer: Here, KB=1.7 Wm-1 K1
KC=29Wm1K1

dB =20 cm

dc=7?

We know that the heat flow is given by
Q=KAZ ¢

For the same insulation by the brick and the
cement, Q, A, A6 and t don’t change
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Thus g should be a constant.

ie. Ky _Ke g,
d  Kp

or £x20=34.12cm
1.7

Answer: Let T (°C) be the temperature of the
interface =?

Here, K1 = 300 Wm °C-! for A

Kz =200 Wm' °C- for B

~AB1=100-Tfor A

AB2=T-0forB.

x = size of each cube A and B

S X1=X2=X

Let a = area of cross-section of the faces between
which there is the flow of heat

If (AA—Q;)A an

A and B respectively, then in steady state,

AR
At ), Lac ),

d (A&) be the rate of low of heat for
At B

o K,aA0, _K,ane, ( AQ=K AO atj
X X d
or K,AB, =K ,A0,

or 300 (100 -T) =200 (T - 0)
or (300 +200) T =30000

300x100
or T=—=——
500
T=60°C

Answer: Here
L=2.25x106]K1

2.25

===x 106 cal°C!
4.2

Q = Heat of Combustion
=373 x 103 Cal/mole
C=103]KgteCt

m =50 kg

AB =100- 10 =90°C
V=224 litres

If Q1 = Total heat energy required to convert 50
kg of water at 10°C to steam at 100°C

Q1 =mCAB + mL

= 5.0 x 1000 x 90 + 50 x 225%1%°

=4.5x%x 106+ 26.79 x 106

=31.29 x 106 cal
As 50% of heat is lost,

-~ total heat produced = % X 3.129 x 106

Let n = no. of moles of ethane to be burnt, then

2x31.29x10°
n=———

mole
373x10°

= Volume of ethane = nV

2% 31.29 x 10°

= W X 22.4 litres

3758.2 litres.

Assertion Reason Answer:

1.

2.

(a) If both assertion and reason are true and the
reason is the correct explanation of the assertion.

(a) If both assertion and reason are true and the
reason is the correct explanation of the assertion.

Case Study Questions-

1.

We can say that heat is the form of energy
transferred between two (or more) systems or a
system and its surroundings by virtue of
temperature difference. The SI unit of heat
energy transferred is expressed in joule (J) while
SI unit of temperature is Kelvin (K), and degree
Celsius (°C)
temperature. When an object is heated, many

is a commonly used unit of

changes may take place. Its temperature may
rise; it may expand or change state. A measure of
temperature is obtained using a thermometer.
Many physical properties of materials change
sufficiently with temperature. Some such
properties are used as the basis for constructing
thermometers. The two familiar temperature
scales are the Fahrenheit temperature scale and
the Celsius temperature scale. The ice and steam
point have values 32 °F and 212 °F, respectively,
on the Fahrenheit scale and 0 °C and 100 °C on
the Celsius scale. On the Fahrenheit scale, there
are 180 equal intervals between two reference
points, and on the Celsius scale, there are 100. A
relationship for converting between the two
scales may be obtained from a graph of
Fahrenheit temperature (tr) versus Celsius
temperature (tc) in a straight line. When
temperature is held constant, the pressure and
volume of a quantity of gas are related as PV =
constant. This relationship is known as Boyle’s

law. When the pressure is held constant, the
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volume of a quantity of the gas is related to the
temperature as V/T = constant. This relationship
is known as Charles’ law. Low-density gases obey
these laws, which may be combined into a single
relationship. PV = uRT where, p is the number of
moles in the sample of gas and R is called
universal gas constant: R = 8.31 ] mol'1 K1 we
have learnt that the pressure and volume are
directly proportional to temperature: PVaT. This
relationship allows a gas to be used to measure
temperature in a constant volume gas
thermometer. The absolute minimum
temperature for an ideal gas at which pressure
becomes zero is found to be - 273.15°C and is
designated as absolute zero. Absolute zero is the
foundation of the Kelvin temperature scale or
absolute scale temperature. The size of unit in
Kelvin and Celsius temperature scales is the
same. So, temperature on these scales are related
by T = tc + 273.15

i.  The SI unit of heat energy transferred is
expressed in

a. Joule ()
b.  Kelvin (K)
c.  Newton (N)
d. None of these
ii. Temperature is measured using
a. Thermometer
b. Barometer
c. Tachometer
d. None of these

iii. Relation between Kelvin (T) and Celsius
temperature (tc) scale is given by

a. T=t+273.15
b. T=t-273.15
c. T=t
d. None of these
iv.  Whatis heat energy
v.  What is absolute zero temperature

A system is said to be isolated if no exchange or
transfer of heat occurs between the system and
its surroundings. When different parts of an
isolated system are at different temperature a
quantity of heat transfers from the part at higher
temperature to the part at lower temperature.
The heat lost by the part at higher temperature is
equal to the heat gained by the part at lower

temperature. Calorimetry means measurement
of heat. When a body at higher temperature is
brought in contact with another body at lower
temperature, the heat lost by the hot body is
equal to the heat gained by the colder body,
provided no heat is allowed to escape to the
surroundings. A device in which heat
measurement can be done is called a calorimeter.
It consists of a metallic vessel and stirrer of the
same material, like copper or aluminium. The
vessel is kept inside a wooden jacket, which
contains heat insulating material. Matter
normally exists in three states: solid, liquid and
gas. A transition from one of these states to
another is called a change of state. Two common
changes of states are solid to liquid and liquid to
gas (and, vice versa). These changes can occur
when the exchange of heat takes place between
the substance and its surroundings. The change
of state from solid to liquid is called melting and
from liquid to solid is called fusion. It is observed
that the temperature remains constant until the
entire amount of the solid substance melts. That
is, both the solid and the liquid states of the
substance coexist in thermal equilibrium during
the change of states from solid to liquid. The
temperature at which the solid and the liquid
states of the substance is in thermal equilibrium
with each other is called its melting point. The
change of state from liquid to vapour (or gas) is
called vaporisation. It is observed that the
temperature remains constant until the entire
amount of the liquid is converted into vapour.
That is, both the liquid and vapour states of the
substance coexist in thermal equilibrium, during
the change of state from liquid to vapour. The
temperature at which the liquid and the vapour
states of the substance coexist is called its boiling
point. The change from solid state to vapour state
without passing through the liquid state is called
sublimation, and the substance is said to sublime.
Dry ice (solid CO2) sublimes, so also iodine.
During sublimation both the solid and vapour
states of a substance coexist in thermal
equilibrium.
i.  Device used for measurement of heat is

a. Calorimeter

b. Thermometer

c. Bothaandb

d. Noone of these
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ii. The change of state from solid to liquid is v.  The absolute minimum temperature for an
called ideal gas at which pressure becomes zero is
a. Melting found to be - 273.15 °C and is designated as
N absolute zero temperature. This is lowest
b.  Vaporization . ]
temperature possible for ideal gas.
c. Sublimation
Answer
d. None of these
i.  (a) Calorimeter
iii. Define melting point and boiling point y )
ii. (a) Melting
iv.  Whatis sublimation?
) ] iii. The change of state from solid to liquid is
v.  Define fusion process called melting process and temperature at
Case Study Answer- which conversion of solid into liquid
happens is called as melting point.
1. Answer . -
The temperature at which the liquid and the
i (a)Joule(]) vapour states of the substance coexist is
ii. (a) Thermometer called its boiling point.
iii. (a) T=tc+273.15 iv. The change from solid state directly into
iv. Heat energy is the form of energy vapour state without passing through the
transferred between two or more systems liquid state is called sublimation, and the
or its surroundings due to temperature substance is said to sublime.
difference from higher temperature to v.  The change of state from liquid state to solid
lower temperature. The SI unit of heat state is called as fusion process.
energy transferred is expressed in joule (]). RRKE
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Thermodynamics ‘ 12

Introduction
Thermodynamics is that branch of physics which deals with concepts of PR
heat and temperature and their relation to energy and work. .

We can also consider it as a macroscopic science which deals with bulk
systems and tells us about system as a whole.

In this chapter we will learn about the laws of thermodynamics which

describes the system in terms of macroscopic variables, reversible and ]
irreversible processes. Finally we will also learn on what principle heat

engines, refrigerators and Carnot engine work.

Examples: - Refrigerator, steam engine Refrigerator

Steam Engine

Thermal Equilibrium
Two systems are said to be in thermal equilibrium if the temperatures of the two systems are equal.
In mechanics if the net force on a system is zero, the system is in equilibrium.

In Thermodynamics equilibrium means all the macroscopic variables (pressure, temperature and volume) don’t
change with time. They are constant throughout.

For Example:

Consider two bodies at different temperatures one is at 30°C and another at

60°C then the heat will flow from body at higher temperature to the body at

lower temperature.

Heat will flow till both bodies acquire same temperature.

This state when there is no heat flow between two bodies when they acquire = =
the same temperature is known as thermal equilibrium.
In the above case if consider a hot cup of coffee will become cold after — —

sometime if it is kept on the table as there will heat flow between the hot coffee and surroundings. When the cup
of coffee attains the same temperature as of room temperature then there will be no flow of heat.
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Zeroth Law of Thermodynamics

Zeroth law of thermodynamics states that when two systems are in

thermal equilibrium through a third system separately then they are in
thermal equilibrium with each other also.

Foreg: Consider two systems A and B which are separated by an adiabatic
wall. Heat flow happens between systems A and C, and between B and C,

due to which all 3 systems attain thermal equilibrium.

Systems A and B are in thermal equilibrium with C. Then they will be in equilibrium with each other also.

Zeroth Law of Thermodynamics suggested that there should be some physical quantity which should have same
value for the system to be in thermal equilibrium.

This physical quantity which determines whether system is in equilibrium or not is Temperature.

Temperature is the quantity which determines whether the system is in thermal equilibrium with the

neighbouring system.

When the temperature becomes equal then the flow of heat stops.

Heat, Internal Energy and Work

We already know what heat is. It is a form of energy but it always comes into the picture when energy is being
transferred from one system to another. Suppose we are at an initial state ‘a’ and want to go to a final state ‘b’. We
can do that by various processes (as shown in the figure) and the heat energy released or absorbed in all the
processes is different. So we can see that heat does not depend on the state of the system.

i) H N
State a
State a State a
Fressure Pressure
Pressure
State b
State b State b
S
~
:; e e
Volume Volume Volume

So there was a need to define another term that was dependent on the state of the system. This is termed as

Internal Energy.

Internal Energy
Internal energy definition is given as:

The energy contained within the system associated with random motions of the particles along with the potential
energies of the molecules due to their orientation.

The energy due to random motion includes translational, rotational, and vibrational energy. It is represented as U.
So now we can say, since internal energy is a state function and in all the processes shown above the change in
internal energy from state, ‘a’ to state ‘b’ will be the same.

Internal Energy Formula

The following is the formula for internal energy:
AU=Q+W

Where,

AU is the internal energy

Q is the heat added to the system

W is the work done by the system
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First Law of Thermodynamics

A thermodynamic system in an equilibrium state
possesses a state variable known as the internal Q |
energy(E). Between two systems the change in the HesiTranator
internal energy is equal to the difference of the heat
transfer into the system and the work done by the
system.
The first law of thermodynamics states that the energy w
of the universe remains the same. Though it may be State 1 e _ State 2
exchanged between the system and the surroundings, E =Elnttle5rnaléen\?;gy
2 i

it can’t be created or destroyed. The law basically
relates to the changes in energy states due to work and

heat transfer. It redefines the conservation of energy concept.
The First Law of Thermodynamics states that heat is a form of energy, and thermodynamic processes are therefore
subject to the principle of conservation of energy. This means that heat energy cannot be created or destroyed. It
can, however, be transferred from one location to another and converted to and from other forms of energy.

To help you understand the meaning of the First Law, we can take the common example of a heat engine. In a Heat
engine, the thermal energy is converted into mechanical energy and the process also is vice versa. Heat engines
are mostly categorized as an open system. The basic working principle of a heat engine is that it makes use of the
different relationships between heat, pressure and volume of a working fluid which is usually a gas. Sometimes
phase changes might also occur involving a gas to liquid and back to gas.

First Law of Thermodynamics Equation

The equation for the first law of thermodynamics is AU =-Q-W + Food energy AU = Stored food energy
given as;

AU=q+W
Where,
AU = change in internal energy of the system.

q = algebraic sum of heat transfer between system and
surroundings.

W = work interaction of the system with its

surroundings.

For an isolated system, energy (E) always remains
constant.

Internal Energy is a point function and property of the system. Internal energy is an extensive property (mass-
dependent) while specific energy is an intensive property (independent of mass).

For an ideal gas, the internal energy is a function of temperature only.

Specific heat capacity

Specific heat is defined as the amount of heat required to raise the temperature of a body per unit mass.
It depends on:

Nature of substance

Temperature

Denoted by ‘s’

- (22

where m= mass of the body
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AQ = amount of heat absorbed or rejected by the substance

AT=temperature change
Unit - ] kg1 K1
If we are heating up oil in a pan, more heat is needed when heating up one cup of oil compared to just one

tablespoon of oil. If the mass s is more the amount of heat required is more to increase the temperature by one
degree.

Specific heat capacity of water 1008 T

Calorie: - One calorie is defined to be the amount of heat

{calig"C)—

" A -“\
required to raise the 1:004 780

temperature of 1g of water from 14.5 °C to 15.5 °C. Specific | gon

'lll‘lllllllll

In ST units, the specific heat capacity of water is 4186 ] kg1 K-le. Heat
1K 0.996
4186 ] g1 KL 20 40 60 8O 100

The specific heat capacity depends on the process or the Temperature (C)—

conditions under which heat capacity transfer takes place.

Thermodynamic State Variables and Equation of State

A system is said to be in a thermodynamics state of equilibrium if the
macroscopic variables that change the state of the system do not
change over time. These macroscopic variables include pressure,
temperature, mass, and composition that does not change with time.
For example, gas is stored inside a container that is completely
insulated from its surroundings, with fixed values of pressure, volume,

temperature, mass, and composition that do not change with time, is in
a state of equilibrium. (a)
The equilibrium of a gas can be described by its pressure, temperature,

volume, and mass. It is not necessary that a thermodynamic system is

always in equilibrium. For example, if gas at equilibrium is allowed to

expand, it does not remain in thermodynamic equilibrium. The figure

below shows the expansion of gases when they are left to expand:

Thermodynamics variables describe the state of the system at
(b}

equilibrium. These various state variables are not necessarily
independent.

These variables can be divided into two types:

e  Extensive Variables

e Intensive Variables

Extensive Variables: These variables are the state variables that indicate the size of the system. For example,
Volume can be considered an extensive variable because it gives us an idea about the size of the system.

Intensive Variables: These variables are the state variables that do not give us any information about the size of
the system but indicate different information about the system. Examples of such variables are pressure,
temperature, etc.

State Equation

State Equation describes the relationship between state variables of a thermodynamic system. The equation of
state is completely defined in terms of pressure, temperature and volume. For example, in the case of ideal gases.
The state equation becomes,

PV =RT
Or
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PV = Constant

In the case of an isothermal process,
P1V1=P2V>

These equations of state are for ideal gases.

Thermodynamic Processes & Types

We know that if we have to take a thermodynamic system from the initial to the final state, we have several paths
that can be taken. In this article, we will be discussing those thermodynamic processes. Before that, we will see
what a quasi-static process is. [t has been discussed that state variables are defined only when the thermodynamic
system is in equilibrium with the surrounding. So a process in which the system is in thermodynamic equilibrium
with the surrounding is known as a quasi-static process at each moment.

The Thermodynamic Processes

Isothermal Process:

It is a thermodynamic process in which temperature remains constant. We PA
know,
w=[Pdv
According to Gas law,
PV =nRT
nRT
P=——
v (o]

Using this value of P in work done, we get,

_ Vs qy
W= nRTIVA av
W= nRTIn%

Adiabatic Process:

It is a thermodynamic process in which no heat is exchanged between the system and the surrounding. So, Q = 0.
Mathematically this process is represented as:

PV? =K (constant)
W= j Pdv
Substituting P, we get,

w=K[ e

WV =V =)
1-y

W=K

For adiabatic process,
AU=-W

Isochoric Process:

In isochoric process the change in volume of thermodynamic system is zero. A volume change is zero, so the work
done is zero.

Volume of the system = Constant

Change in volume = 0
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If, change in volume = 0, then work done is zero.

According to the 1stlaw of thermodynamic law
Q=W+dU

Ifw=0

Q=dU

Isobaric Process:

The pressure remains constant during this process. So,
W=P(V,-V)

So if volume increases, work done is positive, else negative.

Cyclic Process:

It is a process in which the final state of the system is equal to the initial state. As we know, change in internal
energy is a state function, so, in this case, AU = 0.

Quasi-static process:

In thermodynamics, a quasi-static process is referred to as a slow process.
It is a process that happens at an infinitesimally slow rate.

A quasi-static process has all of its states in equilibrium.

A quasi-static process is one in which the system is in thermodynamic equilibrium with its surroundings at all
times.

Second Law of Thermodynamics

The second law of thermodynamics states that any spontaneously occurring process will always lead to an
escalation in the entropy (S) of the universe. In simple words, the law explains that an isolated system’s entropy
will never decrease over time.

Nonetheless, in some cases where the system is in thermodynamic equilibrium or going through a reversible
process, the total entropy of a system and its surroundings remains constant. The second law is also known as the
Law of Increased Entropy.

The second law clearly explains that it is impossible to convert heat energy to mechanical energy with 100 per
cent efficiency. For example, if we look at the piston in an engine, the gas is heated to increase its pressure and
drive a piston. However, even as the piston moves, there is always some leftover heat in the gas that cannot be
used for carrying out any other work. Heat is wasted and it has to de discarded. In this case, it is done by
transferring it to a heat sink or in the case of a car engine, waste heat is discarded by exhausting the used fuel and
air mixture to the atmosphere. Additionally, heat generated from friction that is generally unusable should also be
removed from the system.

Second Law of Thermodynamics Equation

Mathematically, the second law of thermodynamics is represented as:

ASuniv > 0

where ASuniv is the change in the entropy of the universe.

Entropy is a measure of the randomness of the system or it is the measure of energy or chaos within an isolated
system. It can be considered as a quantitative index that describes the quality of energy.

Meanwhile, there are few factors that cause an increase in entropy of the closed system. Firstly, in a closed system,
while the mass remains constant there is an exchange of heat with the surroundings. This change in the heat
content creates a disturbance in the system thereby increasing the entropy of the system.

Secondly, internal changes may occur in the movements of the molecules of the system. This leads to disturbances
which further causes irreversibilities inside the system resulting in the increment of its entropy.
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Different Statements of The Law

There are two statements on the second law of thermodynamics which are;
Kelvin- Plank Statement

Clausius Statement

Kelvin-Planck Statement

It is impossible for a heat engine to produce a network in a complete cycle if it exchanges heat only with bodies at
a single fixed temperature.

Exceptions:

If Q2 =0 (i.e., Wret = Qs, or efficiency=1.00), the heat engine produces work in a complete cycle by exchanging heat
with only one reservoir, thus violating the Kelvin-Planck statement.

Clausius’s Statement

It is impossible to construct a device operating in a cycle that can transfer heat from a colder body to a warmer
one without consuming any work. Also, energy will not flow spontaneously from a low-temperature object to a
higher temperature object. It is important to note that we are referring to the net transfer of energy. Energy
transfer can take place from a cold object to a hot object by transfer of energetic particles or electromagnetic
radiation. However, the net transfer will occur from the hot object to the cold object in any spontaneous process.
And some form of work is needed to transfer the net energy to the hot object. In other words, unless the
compressor is driven by an external source, the refrigerator won't be able to operate. The heat pump and
refrigerator work on Clausius’s statement.

Both Clausius’s and Kelvin’s statements are equivalent i.e a device violating Clausius’s statement will also violate
Kelvin’s statement and vice versa.

Combine

Heat Refrigerato
e—.. riger;

Hgg_t engin in a_aingla
engine device
1
L TL TL
Assume thal Kelvin-planck Allach heat engine 1o Viclation of
statermnent is violated refrigerator Clausias statement
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In addition to these statements, a French physicist named Nicolas Léonard Sadi Carnot also known as the “father

of thermodynamics,” basically introduced the Second Law of Thermodynamics. However, as per his statement, he
emphasized the use of caloric theory for the description of the law. Caloric (self-repellent fluid) relates to heat and
Carnot observed that some caloric was lost in the motion cycle.

Reversible And Irreversible Processes

We see so many changes happening around us _
every day, such as boiling water, rusting of iron, ——
melting ice, burning of paper, etc. In all these —
processes, we observe that the system in

E —JﬂﬂﬂrH
— ﬂr\lH

consideration goes from an initial state to a final T

state where some amount of heat is absorbed from

the surroundings and some amount of work W is | S

done by the system on the surrounding. Now, for \/‘

how many such systems can the system and the Initial process Restoring process

surrounding be brought back to their initial state?

With common examples such as rusting and fermentation, we can say that it is not possible in most cases. In this
section, we shall learn about reversible and irreversible processes.

A thermodynamic process (state i — state f) is said to be reversible if the process can be turned back to such that
both the system and the surroundings return to their original states, with no other change anywhere else in the
universe. As we know, in reality, no such processes as reversible processes can exist. Thus, the reversible processes
can easily be defined as idealizations or models of real processes on which the limits of the system or device are
to be defined. They help us in incurring the maximum efficiency a system can provide in ideal working conditions
and thus the target design that can be set.

Carnot Cycle

A Carnot cycle is defined as an ideal reversible Isotherml Adiabatic Isotherml Adiabatic

closed thermodynamic cycle. Four successive  expansion expansion compression compression
atT, from T, toT, atT, from T, toT,

operations are involved: isothermal expansion,

adiabatic expansion, isothermal compression,and < > 1 =

fEs e
P 1

adiabatic compression. During these operations, T . i
S &@

the expansion and compression of the substance
A\ J -

4 L/
@ Iqi” @ +qout @

expansion. In this process, the amount of heat absorbed by the ideal gas is qin from the heat source at a

can be done up to the desired point and back to the
initial state.

Following are the four processes of the
Carnot cycle:

In (a), the process is reversible isothermal gas

temperature of Th. The gas expands and does work on the surroundings.

In (b), the process is reversible adiabatic gas expansion. Here, the system is thermally insulated, and the gas
continues to expand and work is done on the surroundings. Now the temperature is lower, T..

In (c), the process is a reversible isothermal gas compression process. Here, the heat loss qout occurs when the
surroundings do the work at temperature T.

In (d), the process is reversible adiabatic gas compression. Again, the system is thermally insulated. The
temperature again rises back to Th as the surrounding continue to do their work on the gas.

Carnot Engine

The Carnot engine is a theoretical thermodynamic cycle proposed by Leonard Carnot. It estimates the maximum
possible efficiency that a heat engine during the conversion process of heat into work and, conversely, working
between two reservoirs can possess.
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Carnot Theorem

According to Carnot Theorem:

Any system working between T1 (hot reservoir) and T2 (cold reservoir) can never have more efficiency than the
Carnot engine operating between the same reservoirs.

Also, the efficiency of this type of engine is independent of the nature of the working substance and is only
dependent on the temperature of the hot and cold reservoirs.

Top Formulae
° Equation of isothermal changes PV = constant or P2 V2 = P1V1
° Equation of adiabatic changes
i BV =PV,
ii. PTY =PT
ii. T,V ' =T,Vi', wherey= c,/C,
e  Work done by the gas in isothermal expansion

W =2.3026 RT log,,

W =2.3026 RT log,, -

RTRCIIRSIRS

. Work done in adiabatic expansion
w-—"(1,-1)
(1-v)
. dQ=dU +dwW
Here, dW = P (dV), small amount of work done
dQ = m L for change of state
dQ = mc AT for rise in temperature
dU = change in internal energy
& _ L
Q T
e  Where T1 = temperature of source, T2 = temperature of sink; Q1 is the amount of heat absorbed/cycle from
the source, Q2 is the amount of heat rejected/cycle to the sink.

° Useful work done/cycle W = Q1 -Q2

n=1-

T,
o Efficiency of Carnot engine is also given by n =K = 1—F2
1 1

e (Coefficient of performance of arefrigerator

poko T2

W=0Q, -
W T,-T @-C

where Q2 is the amount of heat drawn/cycle from the sink (at T2) and W is work done/cycle on the
refrigerator. Q1 is the amount of heat rejected/cycle to the source (air at room temperature T1).

p=11

n
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: Thermodynamics State variable

(i) Extensive - indicate the size of the
system. e.g. U, volume, total mass.

(i) Intensive - do not indicate size of the
system. e.g., pressure & temperature
Thermodynamics Equilibrium

Two systems are in thermal equilibrium
with each other if they have the same

: temperature.

Process.

AN
e ccem——

Heat Engine
- Converts continuously
- heat into mechanical :
:  energy in cyclic
process.
Wa

- Carnot Engine

: An Ideal engine works on a
- reversible cycle of four
operations in succession.

- (i) isothermal expansion,

- (ii) adiabatic expansion,

- (iii) isothermal

Efficiency n= -Q 1 ¥

Q QL T

Reversible & Irreversible Process
Any process made to proceed in the reverse direction by
changing its conditions is called Reversible Process.
Any process which cannot
be retraced in the reverse direction exactly is called Irreversible

Class : 11th Physics

Zeroth Low of
Thermodynamics
If two systems A&B

are in thermal
equilibrium with a

third system C, then
A&B are in thermal
equilibrium with
each other.

Chapter- 12 : Thermodynamics

First Low of
Thermodynamics
Itis the statement of
law of conservation
of Energy;

AQ = AU + AW
= AU+PAU (Here,

AU=PAU)

cyclic process AU = 0 (zero)

Second Low of
Thermodynamics :
It is impossible for 3
an engine working :

between a cyclic
process to extract

heat from a
reservoir and
convert
completely into
work.

£
.
-
.
.
-

AN NN EN RSN NSNS ANEEEERREE

compression, i :
- (ivjadiabatic compression. : e :
Refrigerator and heat pump : Efficiency of Carnot’s engine : : -\Méyer's Equation :
. Refrigeratorisaheatengine @ : . Q, | T, i C,-C,=R :
¢ working in the reverse direction. : : N Q, T b
Coefficient of performance, R g AL PSS R Feesssssssssnssssansassnnnannannny
=9, Q _ T : Cyclic Process :
p = W G- Qz— T- T Branf:h of Science which deals :  Inthis process, system  *
- with concepts of heat & i returns to initial state for a :
s EEEENEEEESEEsANEEANSESSESEESEEEEES temperature and their E E
. .

Quasi - static Process

interconversion by

thermodynamic process

Infinity slow process such that
systems remain in thermal &

SEsEsEsEEEEsEEEEREny
fsssssssEsEsEERERERES

Pressure = Constant =

e L L TN

Isobaric Process :

mechanical equilibrium with L :
the surroundings throughout. t; T :
P NN NN NN NN NN AN E .&':Xg_ E
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Important Questions

Multiple Choice Questions

1.

A vessel contains a mixture of one mole of oxygen
and two moles of nitrogen at 300 K. The ratio of
the average rotational kinetic energy per 0? to
per N% molecule is

(@) 1:1

(b) 1:2

 2:1

(d) depends onthe moment of inertia of the two
molecules

For a diatomic gas change in internal energy for a
unit change in temperature for constant pressure
and constant volume is U1 and U2 respectively.
What is the ratio of U1 and U27?

(@)5:3
(b)3:5
(c)1:1
(d)5:7
An ideal gas heat engine operates in Carnot cycle
between 227°C and 127°C. It absorbs 6 x 104 cal

of heat at higher temperature. Amount of heat
converted to work is:

(a) 2.4 x 104 cal
(b) 6 x 104 cal

(€)1.2 x 104 cal
(d) 4.8 x 104 cal

Which of the following parameters dose not
characterize the thermodynamic state of matter?

(a) work

(b) volume

(c) pressure

(d) temperature

A Carnot engine whose sink is at 300 K has an
efficiency of 40%. By how much should the
temperature of source be increased, so as to
increase its efficiency by 50% of original
efficiency?

(@) 275K

(b) 325K

(c) 250K

(d) 380K

10.

The translational kinetic energy of gas molecules
at temperature T for one mole of a gas is

(a) (3/2) RT
(b) (9/2) RT
(c) (1/3) RT
(d) (5/2) RT
The temperature of reservoir of Carnots engine

operating with an efficiency of 70% is 1000
kelvin. The temperature of its sink is

(a) 300K
(b) 400 K
(c) 500K
(d) 700K
A gas is

taken through a number of

thermodynamic states. What happens to its

specific heat?

(a) Itisalways constant.

(b) Itincreases.

(c) Itdecreases.

(d) It can have any value depending upon the
process of heat absorbed or evolved.

Directions: The following has four choices out of
which ONLY ONE is correct. A refrigerator with
its power on, is kept in a closed room with its
door open, then the temperature of the room will

(a) rise

(b) fall

(c) remain the same

(d) depend on the area of the room

Directions: The following has four choices out of
which ONLY ONE is correct. Which of the
following is incorrect regarding the first law of
thermodynamics? A. It is not applicable to any
cyclic process B. It is a restatement of the
principle of conservation of energy C. It
introduces the concept of the internal energy D.
It introduces the concept of the entropy

(@)Aand D
(b)Band C
(c)Cand A
(d)AandB
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Very Short:

1.  What type of process is Carnot’s cycle?

2. Can the Carnot engine be realized in actual
practice?

3. Arefrigerator transfers heat from a cold body to
a hot body. Does this not violate the second law
of thermodynamics?

4.  Whatis a heat pump?

5.  What forbids the complete conversion of work
into heat?

6. Doesthe internal energy of an ideal gas change in:
(a) anisothermal process?

(b) an adiabatic process?

7.  What s the specific heat of a gas in an isothermal
process and in an adiabatic process? Why?

8. Can the temperature of an isolated system
change?

9. Canwe increase the coefficient of performance of
a refrigerator by increasing the amount of
working substance?

10. The door ofan operating refrigerator is kept open

in a closed room. Will it make the room warm or
cool?

Short Questions:

1.

Kelvin and Clausius’s statements of the Second
law of thermodynamics are equivalent. Explain?

Two identical samples of gas are expanded so
that the volume is increased to twice the initial
volume. However, sample number 1 is expanded
isothermally while sample number 2 is expanded
adiabatically. In which sample is the pressure
greater? Why?

No real engine can have an efficiency greater than
that of a Carnot engine working between the
same two temperatures. Why?

Explain why two isothermal curves cannot
intersect each other?

What is the source of energy when gas does work
when expands adiabatically?

State and explain the zeroth law of
thermodynamics?
State and explain the first law of

thermodynamics. What are the sign conventions?

Why cannot a ship use the internal energy of
seawater to operate the engine?

10.

A certain amount of work is done by the system
in a process in which no heat is transferred to or
from the system. What happens to the internal
energy and the temperature of the system?

If an electric fan is switched on in a closed room,
will the air of the room be cooled? Why?

Long Questions:

1.

Discuss the Carnot cycle and give essential
features of a Carnot engine.

Derive the expression for the work done during:
(a) Isothermal process
(b) Adiabatic process

A gas is suddenly compressed to 1/3 of its
the
temperature, the original temperature being
300K and y = 1.5.

A perfect Qarjiotreiigifae utilizes an ideal gas. The

original volume. Calculate rise in

source temperature is 500K and since the
temperature is 375 K. If the engine takes 600 Kcal
per cycle from the source, compute:

(a) the efficiency of The engine.
(b) work done per cycle,
(c) heatrejected to the sink per cycle.

A refrigerator has, to transfer an average of 263 ]
of heat per second from temperature - 10°C to
25°C. Calculate the average power consumed
assuming ideal reversible cycle and no other
losses.

Assertion Reason Questions:

1.

Directions: Each of these questions contain two
statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the
assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(c) Ifassertion is true but reason is false.
(d) Ifthe assertion and reason both are false.

Assertion: When a bottle of cold carbonated
drink is opened, a slight fog forms around the
opening.
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Reason: Adiabatic expansion of the gas causes (b) If both assertion and reason are true but
lowering of temperature and condensation of reason is not the correct explanation of the
water vapours. assertion.

2. Directions: Each of these questions contain two (c) Ifassertion is true but reason is false.

statements, Assertion and Reason. Each of these
questions also has four alternative choices, only
one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given
below.

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the
assertion.

(d) Ifthe assertion and reason both are false.
Assertion: In adiabatic compression, the internal
energy and temperature of the system get
decreased.

Reason: The adiabatic compression is a slow

process

Answer Key

Multiple Choice Answers-

© N E WD

9.

10.

Answer: (a)1:1

Answer: (c)1:1

Answer: (c) 1.2 x 104 cal

Answer: (a) work

Answer: (c) 250 K

Answer: (a) (3/2) RT

Answer: (a) 300 K

Answer: (d) It can have any value depending
upon the process of heat absorbed or evolved.
Answer: (a) rise

Answer: (a) Aand D

Very Short Answers:

1.
2.
3.

10.

Answer: Cyclic process.

Answer: No. It is an ideal heat engine.

Answer: No. This is because external work is
being performed.

Answer: A heat pump is a device that uses
mechanical work to remove heat.

Answer: The second law of thermodynamics.
Answer: (a) No.

(b) Yes.

Answer: It is infinite in isothermal process

because AT = 0 (C =%

adiabatic process as AQ = 0.

) and zero in an

Yes, in an adiabatic process the temperature of an
isolated system changes. It increases when the
gas is compressed adiabatically.

Answer: No.

Answer: The room will be slightly warmed.

Short Questions Answers:

1.

Answer: Suppose we have an engine that gives a
continuous supply of work when it is cooled
below the temperature of its surroundings.

This is a violation of Kelvin’s statement. Now if
the work done by the engine is used to drive a
dynamo which produces current and this current
produces heat in a coil immersed in hot water,
then we have produced a machine which causes
the flow of heat from a cold body to the hot body
without the help of an external agent. This is a
violation of Clausius’s statement. Hence both
statements are equivalent.

Answer: Pressure is greater in sample number 1
as can be explained: For isothermal expansion.

P1V1 = P2V2 for no. 1 sample

Now V2 = 2V1
« P1V1=P22V1
or
p,=2 ()

Now for adiabatic expansion (for sample 2)
P1V1y = P2Vay

or

=21 ...(il)

~ From (i) and (ii) we find that pressure is greater
insample 1asy > 1.
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3.

Answer: A Carnot engine is an ideal engine from

the following points of view:

increase its internal energy by an amount
dU and the remaining part may be used up

1.  There is no friction between the walls of the as the external work dW done by the system
cylinder and the piston. Le. mathematically,
2. The working substance is an ideal gas i.e. the dQ=dU +dW
gas molecules do not have molecular =dU + PdV
attraction and they are points in size. Sign conventions:
However these conditions cannot be 1.  Work done by a system is taken as
fulfilled in a real engine and hence no heat positive while the work done on the
engine working between the same two system is taken as -ve.
temperatures can have an efficiency greater . . .
peratu v ) Y8 2. The increase in the internal energy of
than that of a Carnot, engine. . . .
the system is taken as positive while
4. Answer: If they intersect, then at the point the decrease in the internal energy is
of intersection, the volume and pressure of taken as negative.
the gas will be the same at two different . .
. & . hich is not b 3. Heat added (gained) by a system is
emperatures which is not possible. s
p p taken as positive and the heat lost by
5.  Answer: During adiabatic expansion, the the system is taken as negative.
temperature and hence the internal ener; .
p ) &Y 8. Answer: The heat engine can convert the
of the gas decreases. Thus work is done by A . . .
o internal energy of seawater if there is a sink
the gas at the cost of its internal energy.
at a temperature lower than the
6. Answer: [t states that if two systems A and temperature of seawater. Since there is no
B are in thermal equilibrium with a third such sink and hence a ship can’t use the
system C, then A and B mustbe in thermal internal energy of seawater to operate the
equilibrium with each other. engine.
Explanation: The three systems are shown 9. Answer: The temperature of the system
in the figure. Let T1, T2, T3 be the decreases as the system is doing work and
temperatures of A, B, and C respectively. no heat transfer is allowed to or from the
system. As the temperature of the system
'ﬁ T decreases, the internal energy of the system
3 A 1 also decreases.
u . . . .
C E Adiabetic wall 10. Answer: No. It will not be cooled, rather it
s will get heated because the speed of the air
£ T molecules will increase due to the motion of
T& g t1 Fi the fan. We feel cooler because of the
evaporation of the sweat when the fan is
switched on.
Systems A and C, B and C will exchange heat .
o , , Long Questions Answers:
and after a certain time, they will attain
thermal equilibrium separately. 1. Answer: Carnot cycle: Heat engines essentially
ie.Ti=Ts..(1) have
andT2=Ts ... (2) 1. asource of heat,
Thus from (1) and (2), 2. a WO0fkthg substance
Ti=T, 3. a sink (at a temperature lower than that
source) and
i.e. A and B are now in thermal equilibrium hanical
with each other. 4. mechanical parts.
7. Answer: It states that if an amount of heat Carnot dd_eSIined an -blldea fng;r;e th?t
dQ is added to a system then a part of it may operated In the reversible cycle. 1he cycle
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(1)

(2)

(3)

consisted of two isotherms and two
adiabatic. The heat was taken in or rejected
during isothermal expansion or contraction.
The Carnot cycle thus consists of four steps
(see fig.) Carnot took a perfect gas as the
working substance enclosed in a cylinder
with perfectly insulting walls fitted with an
insulating piston but the bases of the
cylinder were conducting

In the first step of the cycle let Py, V3, by the
pressure of the gas. It is placed, in contact
with the. source of heat at temperature T1 i.e
the cylinder is out on the source. As the gas
expands isothermally it absorbs some
amount of heat to keep the temperature
constant (curve AB)

The heat absorbed from the source Qi is
equal to the work done W, in expanding the
gas volume from Vi to V2 at temperature T1
so that

AA PV, T))

B (P, V5 Ty)

In = Area ABMKA ....(1)

The cylinder is put on insulating and gas is
allowed to expand from V: to V3
adiabatically. Its temperature falls from T1
to T2 and pressure becomes P3 and P2. The

work done W is then.

V3
W, = [ PdV =C,(T, ~T,) = Area BCNMB

V2

(2

In this part of the cycle the cylinder is put
with its conducting base in contact with a
sink as temperature T and gas is
compressed isothermally. It rejects Q2 heat
at constant temperature T2, the work done
on the gas is [pressure volume change to (P4,

V4) from (P3, V3)].

(4)

Q, =W, = [ PdV =RT 1n§ — Area CNLDC
Vs 2

-(3)
In the last step of the cycle, the cylinder’s
base is again put on the insulating stand, and
the gas is compressed adiabatically so that
the system returns back to its original state
at A ie. from (P4, V4) to (P1, V1) at
temperature T1 via curve DA. Now the work
done on the gas is.

4
W, = [ PdV =C, (T, ~T,)=—C, (T, -T;)

Yy
= Area DLKAD e (4)
From equation (2) and (4), it is clear that W4
=W
If W = net work done by the engine in one
cycle, then
W=Wi+ W2+ (-Ws3)+ (-W4)
=Wi1- W3 =Area ABCDA=Q1-Q2 ....(5)

The efficiency of the Carnot engine (n): It is
defined as the ratio of work done by the
engine to the energy supplied to the engine

in a cycle.
ie. W_a-Q
Q @
@

Using equations (1) and (3)
0, RTing
=1 :—V; w(7)
@ RTny
Since B and C lie on the same adiabatic so
TV =T
-1
T, (v,
or e .(8)
v,
Also D and A lie on the same adiabatic so
TV =Ty
-1
T, (v,
or e (9)
L, (1

~ from (8) and (9), we get
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(B4

InE = Inﬁ ..(10)
4 1
~ from (7) and (10), we get
ln(vz]
o n\W) o
QZ 7.‘2 In ﬁ TZ
Vl
~ from (6) and (11), we get
T
=1--2
T
or n:(l—ijxloo
(i

1. The interesting aspect of n) of Carnot engine
is that it is independent of the nature of the
working substance. But Carnot used an ideal
gas operation which is not strictly followed
by real gases or fuel

2. Theoretically, n can be 100%.

3. The efficiency of Carnot’s ideal engine
depends only on the temperature of the
scarce and the sink.

4. The efficiency of any reversible engine
working  between the same two
temperatures is the same.

Answer: Consider one mole of a perfect gas
contained in a cylinder having conducting walls
and fitted with a movable piston.

!

dx ;L
* - EA (P, V)
gas

Let P, V be the pressure and volume of the gas
corresponding to this state.

Let dx = distance by which piston moves outward
at constant pressure P so that its volume
increases by dV.

Let a = area of cross-section of the piston.

(a) If dW = work done in moving the piston by
dx, then .

dW = force on piston x dx
=Padx

=PdV ...(I)

Where dV = a dx = volume

Let the system goes from initial state A(P1,
V1) to final state B(P2, V2)

If W = total work done from A to B, then

B v

w=[dw = | Pdv ..(if)
4 v,

Also we know that

PV =RT (n=1 here)
RT

P=— (0T
7 (iir)

-~ from (7) and (ii), we get
1 v,
W:RT{/[VdV =RT [log, V];
= RT (logeV:z - logeVi)
- V2
=RT log: m
=2.303 RT logo 2
141

(b) From equation (ii) of case (a), we get
W= [ Pdv ..(i0)

We know that an adiabatic process is
represented  mathematically by the
equation:

PVY = constant = K
or
K
P = w ... (iii)

-~ from (ii) and (iii), we get
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1 _ _
=_1_,Y[131V1YV11 ! _Pszsz1 q

1
1—_Y[P1V1 =RV, ]

= ﬁ[RTl —RT, ] (- PV=RT)

R
W:E[Tl_TZ]

Answer: Let Vi = Initial volume

. V;
V2 = Final volume = ?1

or

%

712 3
T1=300K
Tz-T1=7?
y=15

We know that for an adiabatic change,

LV =TV

v, )
- el

2
=300(3)"""! =3003
=300x1.732=519.6K

~ Rise in temperature=T, - T,
=519.6 -300=219.6 K

Answer: Here, T1 =50.0 K

T2=375k

Q1 = Heat absorbed per cycle

=600 K cal

= (a) Using tig relation,

n=1 —%, we get

_T,-T, 500-375
T 500

_125 =0.25
500

N% = 0.25 x 100 = 25%
(b) Let W = work done per cycle
=~ Using relation
=2 weget
n= Q g
W=nQ1

=0.25 x 600 K cal

=150 K cal

=150x103x4.2]

=6.3x 105].

(c) Let Q2 = heat rejected to the sink
-~ Using the relation

W =Q1- Q2 we get
Q2=Q1-W=600-150=450Kccal
Answer: Here, T1 =25+ 273 =298 K
T2=-10+273=263K
Q2=263]s1

we know that

Q_T
Q T
T 298
or Q, =—x0,=——x263
Q=7 x5

=298]s1

~ Average power consumed = Q1 - Q2
= (298 -263)Jst

=35W

Assertion Reason Answer:

1.

If both assertion and reason are true and the
reason is the correct explanation of the assertion.

Explanation:

When a bottle of cold carbonated drink is opened.
A slight fog forms around the opening. This is
because of adiabatic expansion of gas causes
lowering of temperature and condensation of
water vapours.

If the assertion and reason both are false.
Explanation:

Adiabatic compression is a rapid action and both
the internal energy and the temperature

increases.

Case Study Questions-

1.

Zeroth Law of Thermodynamics states that two
systems in thermal equilibrium with a third
system separately are in thermal equilibrium
with each other. The Zeroth Law clearly suggests
that when two systems A and B, are in thermal
equilibrium, there must be a physical quantity
that has the same value for both. This
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thermodynamic variable whose value is equal for
two systems in thermal equilibrium is called
temperature (7). Thus, if A and B are separately
in equilibrium with C, TA = TC and TB = TC. This
implies that TA = TB i.e. the systems A and B are
also in thermal equilibrium. Zeroth Law of
Thermodynamics leads to the concept of internal
energy of a system. We know that every bulk
system consists of a large number of molecules.
Internal energy is simply the sum of the kinetic
energies and potential energies of these
molecules. A certain amount of heat is supplied to
the system’ or ‘a certain amount of work was

done by the system its energy changes.

i. Three thermodynamic systems are at
temperature of 50° c .what can we say
about them?

a. Heat flows between them

b. It Zeroth
Thermodynamics

obeys Law of

c. Temperature of one system will
increase and temperature of remaining

two will decrease
d. None of these

ii. Zeroth law of thermodynamics helped in
the creation of which scale?

a. Temperature

b. Heatenergy

c. Pressure

d. Internal energy
iii. State Zeroth Law of Thermodynamics
iv. Define Internal energy of system

Kelvin-Planck statement: No process is
possible whose sole result is the absorption of
heat from a reservoir and the complete
conversion of the heat into work. Clausius
statement: No process is possible whose sole
result is the transfer of heat from a colder object
to a hotter object. It can be proved that the two
statements above are completely equivalent. A
thermodynamic process is reversible if the
process can be turned back such that both the
system and the surroundings return to their
original states, with no other change anywhere
else in the universe. a reversible process is an

idealized motion. A process is reversible only if it

is quasi-static (system in equilibrium with the
surroundings at every stage) and there are no
dissipative effects. For example, a quasi-static
isothermal expansion of an ideal gas in a cylinder
fitted with a frictionless movable piston is a
reversible process. The free expansion of a gas is
irreversible. The combustion reaction of a
mixture of petrol and air ignited by a spark
cannot be reversed. Cooking gas leaking from a
gas cylinder in the kitchen diffuses to the entire
room. The diffusion process will not
spontaneously reverse and bring the gas back to
the cylinder. The stirring of a liquid in thermal
contact with a reservoir will convert the work
done into heat, increasing the internal energy of
the reservoir. The process cannot be reversed
exactly; otherwise it would amount to conversion
of heat entirely into work, violating the Second
Law of Thermodynamics. Irreversibility is a rule
rather an exception in nature.

i.  The diffusion process is
a. Reversible process
b. Irreversible process

ii. A quasi-staticisothermal expansion of an
ideal gas in a cylinder fitted with a
frictionless movable piston is

a. Reversible process
b. Irreversible process
iii. State Kelvin Planck statement.

iv. State Clausius statement.

v. Define reversible processes and
irreversible processes of
thermodynamics.

Case Study Answer-

1.

Answer

i.  (b) It obeys Zeroth Law of Thermodynamics

ii. (a) Temperature

iii. Zeroth Law of Thermodynamics states that
two systems in thermal equilibrium with a
third system separately are in thermal
equilibrium with each other. i.e. when two
systems A and B, are in thermal equilibrium
individually with system C then these two
systems are also in thermal equilibrium

with each other.
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iv. Internal energy is the sum of the kinetic
energies and potential energies of all the
molecules possesses by system.

2. Answer
i.  (b) Irreversible process
ii.  (a) Reversible process

iii. Kelvin-Planck statement states that We
cannot construct any device like the heat
engine that operates on a cycle, absorbs the
heat energy, and completely transforms this
energy into an equal amount of work. Some
of the heat gets released into the
atmosphere. Practically no device bears
100% thermal efficiency.

iv.  According to clausius It is nearly impossible
for heat to move by itself from a
temperature that is lower in temperature to

That is we can say that the transfer of heat
can only occur spontaneously from high
temperature to temperature. i.e No process
is possible whose sole result is the transfer
of heat from a colder object to a hotter
object without any external work provided
to do it in short we cannot construct a
refrigerator that can operate without any
input work.

A thermodynamic process is said to be
reversible if both the system and the
surroundings return to their original states,
with no other change anywhere else in the
universe. On the other hand an irreversible
process can be defined as a process in which
the system and surrounding will not return
to their original condition once the process
is initiated.

a reservoir that is at a higher temperature. o %
* o
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Kinetic Theory ‘ 13

Introduction

What is Kinetic Theory

Kinetic theory explains the behaviour of gases based on the idea that the gas consists of rapidly moving atoms or
molecules.

In solids the molecules are very tightly packed as inter molecular space is not present In liquids inter molecular
spaces are more as compared to solids and in gases the molecules are very loosely packed as intermolecular spaces
are very large.

The random movement of molecules in a gas is explained by kinetic theory of gases.

We will also see that why kinetic theory is accepted as a success theory.

Kinetic theory explains the following:
Molecular interpretation of pressure and temperature can be explained.
It is consistent with gas laws and Avogadro’s hypothesis.

Correctly explains specific heat capacities of many gases.

Solid Liquid Gas O

Assumptions of Kinetic Theory of Gases
All gas molecules constantly move in random directions.
The size of molecules is very less than the separation between the molecules

The molecules of the sample do not exert any force on the walls of the container during the collision when the gas
sample is contained.

It has a very small time interval of collision between two molecules, and between a molecule and the wall.
Collisions between molecules and wall and even between molecules are elastic in nature.
Newton'’s laws of motion can be seen in all the molecules in a certain gas sample.

With due course of time, a gas sample comes to a steady state. The molecule’s distribution and the density of
molecules do not depend on the position, distance and time.

Kinetic Theory of Gases

The kinetic theory of gases relates the macroscopic property of the gas, like - Temperature, Pressure, and Volume
to the microscopic property of the gas, like - speed, momentum, and position. In this model, the atoms and
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molecules are continually in random motion, constantly colliding with one another and the walls of the container

within which the gas is enclosed. It is this motion that results in physical properties such as heat and pressure. In
this article, let us delve deeper into the kinetic theory of gases.

Molecular nature of matter

John Dalton

Atomic hypothesis was given by many scientists. According to which everything in this universe is made up of

atoms.

Atoms are little particles that move around in a perpetual order attracting each other when they are little distance

apart.
But if they are forced very close to each other then they rebel.
For example: Consider a block of gold. It consists of molecules which are constantly moving.

Dalton’s atomic theory is also referred as the molecular theory of matter. This theory proves that matter is made

up of molecules which in turn are made up of atoms.

According to Gay Lussac’s law when gases combine chemically to yield another gas, their volumes are in ratios of

small integers.

Avogadro’s law states that the equal volumes of all gases at equal temperature and pressure have the same number

of molecules.
Conclusion: All these laws proved the molecular nature of gases.

Dalton’s molecular theory forms the basis of Kinetic theory.

Why was Dalton’s theory a success?
Matter is made up of molecules, which in turn are made up of atoms.
Atomic structure can be viewed by an electron microscope.

Solids, Liquids, Gases in terms of molecular structure

Basis of Difference Solids Liquids Gases
Inter Atomic Distance | Molecules are very | Molecules are not so | Molecules are loosely
(distance between | tightly packed. Inter | tightly packed. Inter | packed. Free to move.
molecules). atomic distance is | atomic distance is more | Inter atomic distance is
minimum. as compared to solids. maximum.

Mean Free Path is the
average distance a

molecule can travel

without colliding.

No mean free path.

Less mean free path.

There is mean free path
followed by the

molecules.

Behaviour of Gas Molecules

The behaviour of gas molecules is dependent on the properties and laws obeyed by the molecules of the gas. The
distribution of molecules in a gas is very different from the distribution of molecules in liquids and solids. There

are five properties and five gas laws that govern the behaviour of gas molecules.

Gas is defined as a homogeneous fluid which has low density and low viscosity and the volume of the gas is

assumed to have the volume equal to the volume of the vessel. The classification of gases are:
e Ideal gas

e Non-ideal gas or real gas
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Following are the properties of gases:

| Property H Symbol “ Common units ‘
| Density H d H glt ‘
| Temperature H T “ K ‘
| Pressure H P H mm Hg ‘
| Volume H Vv “ cm ‘
| Amount of gas H n “ mol l

Kinetic Theory of Gases

The behaviour of gas molecules is explained with the help of the kinetic theory of gases. It is the study of gas
molecules at the macroscopic level. Following are the five postulates of the kinetic theory of gases:

Gas is the composition of a large number of molecules that are constantly in a random movement.

The volume of the molecules is negligible as the distance between the gas molecules is greater than the size of the
molecules.

The intermolecular interactions are also negligible.
The collision of molecules with each other and with the walls of the container is always elastic.

The average kinetic energy of all the molecules is dependent on the temperature.

Boyle’s Law

According to Boyle’s law, the volume of the gas is inversely related to pressure A
when the amount of gas is fixed at a constant temperature.
P 1
%4
o
PV = constant %
P1V1 = P2V2 = P3sV3 = constant g
Where,
P is the pressure of a gas.
V is the volume of gas.

Y

Temperature T (K)
Charles’s Law BOYLE'S LAW

According to Charles’s law, the volume of the gas with a fixed mass is directly proportional to the temperature.
VT
Where,

T is the temperature of a gas.

400 /
350

300 /
250 /

200

V is the volume of gas.

150

100

0

Volume m(mL)

Q0 100 200 300 400 500 600 700 800 900 1000
Tmperature (K)

CHARLES'S LAW
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Gay-Lussac’s Law

According to Gay-Lussac’s law, when the volume of the gas is constant, the A
pressure of a given mass of gas varies directly with the absolute temperature
of the gas.

p_P
I, T,
Where,

T1 is the initial temperature.

Pressure P

P1 is the initial pressure.

T2 is the final temperature.

Y

P2 is the final pressure. Temperature T (K)

Avogadro’s Law GAY-LUSSAC'S LAW

According to Avogadro’s law, when the pressure and temperature of the given gas are constant, then the number
of moles and the volume of the gas are in a direct relationship.

Vocn
35
%4
or —=k 30
n
25 1
Where,
] 3 20
V is the volume of the gas. v
] E 15
n is the number of moles. S
10 -
k is the proportionality constant.
S 4
Ideal Gas Law 0 :

0 02 04 0:6 0.8 1 1.2 14
Number of moles (n)

AVOGADRO'S LAW

According to ideal gas law, the product of pressure and volume of one
gram molecule of an ideal gas is equal to the product of a number of moles
of the gas, universal gas constant and the absolute temperature.

PV =nRT = NkT

Where,

P is the pressure of the gas.

V is the volume of the gas.

n is the number of moles.

R is the universal gas constant = 8.3145 . mol-1.K!
T is the temperature of the gas

N is Avogadro’s number, Na = 6.0221x1023

Specific Heat

Specific heat, Csp, is the amount of heat required to change the heat content of exactly 1 gram of a material by
exactly 1°C.

Specific heat values can be determined in the following way: When two materials, each initially at a different
temperature, are placed in contact with one another, heat always flows from the warmer material into the colder
material until both the materials attain the same temperature. From the law of conservation of energy, the heat
gained by the initially colder material must equal the heat lost by the initially warmer material.

We know that when heat energy is absorbed by a substance, its temperature increases. If the same quantity of heat
is given to equal masses of different substances, it is observed that the rise in temperature for each substance is
different. This is due to the fact that different substances have different heat capacities. So heat capacity of a
substance is the quantity of the heat required to raise the temperature of the whole substance by one degree. If
the mass of the substance is unity then the heat capacity is called Specific heat capacity or the specific heat.
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Specific Heat Capacity Formula

Q=CmAt
Where,
Q = quantity of heat absorbed by a body
m = mass of the body
At = Rise in temperature
C = Specific heat capacity of a substance depends on the nature of the material of the substance.

S.I unit of specific heat is ] kg1 K-L.

Specific Heat Capacity Unit
Heat capacity = Specific heat x mass
Its S.I unitis ] K1

Monatomic Gases

“Monatomic” is a combination of two words “mono”, and “atomic” means a single atom. This term is used in both
Physics and Chemistry and is applied to the gases as monatomic gases. In the gaseous phase at sufficiently high
temperatures, all the chemical elements are monatomic gases.

Noble gases are monatomic gases as they are unreactive, which is a property of these gases. They do find
applications in daily life like

Helium is used in filling balloons as their density is lower than the air’s.

Neon is used for creating advertising signs as they glow when electricity flows through them.

Argon is used in a light bulb to prevent the burning of the filament as it is unreactive

Diatomic Molecules

Diatomic molecules are those molecules that are composed of only two atoms. If a diatomic molecule is composed
of the same element, it is known as a homonuclear, and if it is composed of two different elements, it is known as
heteronuclear.

Polyatomic Ion

A polyatomic ion is also known as a molecular ion that is composed of two or more covalently bonded atoms. It is
also referred to as a radical.

Top Formulae

Boyle's law

PV = constant

Charles’ law

V/T = constant

Gay-Lussac’s law

P/T = constant

Gas equation

PV = uRT, where u is the number of moles
of the given gas.

P rted b '
ressure exerted by gas P %nmvz

Mean KE of translation per molecule of 1 5 3

agas = Emv ==kT

Mean KE of translation per mole of a
gas

I 2 3RT 23Nk
2 2

Total KE per mole of gas

= g RT, where n is the number of degrees

of freedom of each molecule.
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Boyle's law PV = constant
Charles’ law VIT = constant
Gay-Lussac’s law PIT = constant
Gas equation PV = uRT, where p is the number of moles

of the given gas.

Pressure exerted by gas -
b P= %nmv2
Mean KE of translation per moleculeof | 1 5 3 KT
agas symve ==
Mean KE of translation per mole of a
gas =%Mv2=§RT =§NkT

Total KE per mole of gas
=g RT, where n is the number of degrees

of freedom of each molecule.

rms speed
y =Jv§- +VE 4.4 VE
rms n
Effect of temperature
2 i
v,
Mean free path | = kg T where n is the

1
2 dp 2rdn
number of molecules per unit volume of
the gas.

Collision frequency

f=vih
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{ Class : 11th Physics \
\ Chapter- 13 : Kinetic Theory

\ //‘
Degree of freedom Assumption of kinetic Theory of Gases :
- For monoatomic gas: f = 3 For diatomic gas: : * All the molecules of a gas are identical. :
: (i) at room temperature, f =5 : : * The molecules of different gases are different.  :
: (ii) at high temperature, f =7 ; : » The molecules of gases are in a state of random :
- For polyatomic gas: : : motion. :
‘ (i)at room temperature, f = 6 : : » The collisions of gases molecules are perfectly :
- (ihat high temperature, f = 8 : : elastic. :

RSN NSRBI NSRS AN ANE AR AR RO NS

SamERSARNENNANRRENENE

:  Pressure :
: exerted by gas :

rms

Average Speed

V!+VZ+V= +...4-VH
V. =

v N

BRE ([
= (J;:]}‘J._E

(O8]

=
z
Il

SEEmsmsssmsssamsan,

Mean Free Path

S e
A-JZ:mdz-ﬁnd’P

: Root mean square speed : A

( Kinetic
v - fﬂ_ﬁ: Pﬂ !
m=-YM Vp VM

Theory

mEsmsnmuan
LT L)
/

- Relation between -
pressure (p)
and Kinetic

Energy (E)

3
E-?PV

: 2RT (]2 :
: ""-'z\J_M—z( 3]""“:‘"8’2% :

Behaviour of
Gases

: 2 S8 3 Law of E.qﬁipaftitioh'
: Specific Heat Capacity : .

Energy

: SpedificHeat Capad H : ; ;
: &e;;;e;a;;g:fg:ll : preseesssnssansssanassnarannsssnninencaransananny Energy associated with
E formonosomic G-y : : Anideal gasssatisfies equation PV =nRT : - each degr eel of flreedlom :
B : H = H rm = —K
: fordisomic Sur- : : all pressure and temperature n = no. of : permolecule = _kr
: for polyatomicgases, Gop-lied 2 : moles, R = N k; uniyersal gasconstant § =««eereereererseneenn
: Hence, fis the d of'freedom E L T,
Puswussssudenvesrvenssensus Passsssnsensnansnnnsnnns
¢ Charles'ssLaw :
! VT (IfP= constant) :
: ¥=constant :
P LoV :
sssssssssssssssassians X =G .
Boyles's Law 3 LI :

Avogadro's law

P % (If T = constant)
Under the same condition of

PV = constant

A RAEERE sy

H E

: temperature and pressure : :OF PVi=PV, :Guy Lussac's Law: : Dalton's Law of partial :
¢ equalvolumesofallgases & """ g P T (IfV = constant) ; : pressure :
contain equal no. of :T =]§°"5L§_am ¢ Total pressure of amixture
: molecules. : i vt i ofnon-reactinggases,  :
E i.e.N1= NZ : LA R R R L R ) E P= PlyPZ_F ...... +Pn :
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Important Questions

Multiple Choice Questions-

1.

A room temperature the r.m.s. velocity of the
molecules of a certain diatomic gas is found to be
1930 m/sec. the gas is

(a) H?
(b) F?
(c) 0?
(d) c1?
Energy supplied to convert unit mass of

substance from solid to liquid state at its melting
point is called

(a) Latent heat of fusion
(b) Evaporation
(c) Solidification
(d) Latent heat of fission

One any planet, the presence of atmosphere
implies [nrms = root mean square velocity of
molecules and ne = escape velocity]

(a) nrms << ne

(b) nrms > ne

(c) nrms = ne

(d) nrms =0

Calculate the RMS velocity of molecules of a gas

of which the ratio of two specific heats is 1.42 and
velocity of sound in the gas is 500 m/s

(@) 727 m/s

(b) 527 m/s

(c)927m/s

(d) 750 m/s

The r.m.s. speed of the molecules of a gas in a
vessel is 200 m/s. if 25% of the gas leaks out of

the vessel, at constant temperature, then the
r.m.s. speed of the remaining molecules will be

(a) 400 m/s
(b) 150 m/s
(c) 100 m/s
(d) 200 m/s
A gas is taken in a sealed container at 300 K. it is

heated at constant volume to a temperature 600
K. the mean K.E. of its molecules is

(a) Halved

(b) Doubled

(c) Tripled

(d) Quadrupled

10.

Moon has no atmosphere because
(a) Itis far away form the surface of the earth
(b) Its surface temperature is 10°C

(c) The r.m.s. velocity of all the gas molecules is
more then the escape velocity of the moons
surface

(d) The escape velocity of the moons surface is
more than the r.m.s velocity of all molecules

A unit mass of solid converted to liquid at its
melting point. Heat is required for this process is:

(a) Specific heat

(b) Latent heat of vaporization
(c) Latent heat of fusion

(d) External latent heat

One mole of ideal gas required 207 ] heat to rise
the temperature by 10°K when heated at
constant pressure. If the same gas is heated at
constant volume to raise the temperature by the
same 10°K the heat required is (R = 8/3 J/mole
°K)

(a) 1987]

(b) 29]

(c) 215.3]

(d) 124]

The r.m.s velocity of the molecules of an ideal gas

is C at a temperature of 100K. at what
temperature is r.m.s. velocity will be doubted?

(a) 200 K
(b) 400 K
(c) 300 K
(d) 50K

Very Short:

1.

What does gas constant R signify? What is its
value?

What is the nature of the curve obtained when:

(a) Pressureversus reciprocal volume is plotted
for an ideal gas at a constant temperature.

(b) Volume of an ideal gas is plotted against its
absolute temperature at constant pressure.

The graph shows the variation of the product of
PV with the pressure of the constant mass of
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10.

three gases A, B and C. If all the changes are at a
constant temperature, then which of the three
gases is an ideal gas? Why?

)

A
N
..-'""‘__.‘_‘“""HC

v

P —>

On the basis of Charle’s law, what is the minimum
possible temperature?

What would be the ratio of initial and final
pressures if the masses of all the molecules of a
gas are halved and their speeds are doubled?

Water solidifies into ice at 273 K. What happens
to the K.E. of water molecules?

Name three gas laws that can be obtained from
the gas equation.

What is the average velocity of the molecules of a
gas in equilibrium?

A vessel is filled with a mixture of two different
gases. Will the mean Kkinetic energies per
molecule of both gases be equal? Why?

The density of a gas is doubled, keeping all other
factors unchanged. What will be the effect on the
pressure of the gas?

Short Questions:

1.
2.

Why cooling is caused by evaporation?

On reducing the volume of the gas at a constant
temperature, the pressure of the gas increases.
Explain on the basis of the kinetic theory of gases.

Why temperature less than absolute zero is not
possible?

There are n molecules of a gas in a container. If
the number of molecules is increased to 2n, what
will be:

(a) the pressure of the gas.
(b) the total energy of the gas.
(c) r.m.s. speed of the gas molecules.

Equal masses of Oz and He gases are supplied
equal amounts of heat. Which gas will undergo a
greater temperature rise and why?

10.

Two bodies of specific heats S1 and Sz having the
same heat capacities are combined to form a
single composite body. What is the specific heat
of the composite body?

Tell the degree of freedom of:

(a) Monoatomic gas moles.

(b) Diatomic gas moles.

(c) Polyatomic gas moles.

State law of equipartition of energy.

Explain why it is not possible to increase the
temperature of gas while keeping its volume and
pressure constant?

A glass of water is stirred and then allowed to
stand until the water stops moving. What has
happened to the K.E. of the moving water?

Long Questions:

1.

Calculate r.m.s. the velocity of hydrogen at N.T.P.
Given the density of hydrogen = 0.09 kg m*.

Calculate the temperature at which r.m.s. the
velocity of the gas molecule is double its value at
27°C, the pressure of the gas remaining the same.

Calculate the K.E./mole of a gas at N.T.P. Density
of gas at N.T.P. = 0.178 g dm=3 and molecular
weight = 4.

Calculate the diameter of a molecule if n = 2.79 x

1025 molecules per m3 and mean free path = 2.2
x 108 m.

Calculate the number of molecules in 1 cm3 of a
perfect gas at 27°C and at a pressure of 10 mm of
Hg. Mean K.E. of a molecule at 27°C = 4 x 1025 ].
pHg = 13.6 x 103 kg m=3.

Assertion Reason Questions:

1.

Directions: Choose the correct option from the
following:

(a) Both A and R are true, and R is the correct
explanation of A

(b) Both A and R are true, but R is NOT the
correct explanation of A

(c) Aistrue butRis false
(d) Aisfalse and R is also false

Assertion (A): The number of degrees of
freedom of a linear triatomic molecules is 7.

Reason (R): The number of degrees of freedom
depends on number of particles in the system.
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Directions: Choose the correct option from the
following:

(a) Both A and R are true, and R is the correct
explanation of A

(b) Both A and R are true, but R is NOT the
correct explanation of A

(c) Aistrue butRis false

(d) Aisfalse and R is also false

Assertion (A): Absolute not the
temperature corresponding to zero energy.

zZero is

Reason (R): The temperature at which no
molecular motion ceases is called absolute zero
temperature.

Answer Key

Multiple Choice Answers-

N oS s W e

10.

Answer: (a) H?

Answer: (a) Latent heat of fusion
Answer (a) nrms << ne

Answer: (a) 727 m/s

Answer: (d) 200 m/s

Answer: (b) Doubled

Answer: (c) The r.m.s. velocity of all the gas
molecules is more then the escape velocity of the
moons surface

Answer: (c) Latent heat of fusion
Answer: (d) 124 ]
Answer: (b) 400 K

Very Short Answers:

1.

Answer: The universal gas constant (R) signifies
the work done by (or on) a gas per mole per
kelvin. Its value is 8.31 ] mol-1 K

Answer: (a)lt is a straight line.
(b) It is a straight line.

Answer: A is an ideal gas because PV is constant
at constant temperature for an ideal gas.

Answer: - 273.15°C.

13mn

Answer: 1: 2 (P = ~ C?)

Answer: It is partly converted into the binding
energy of ice.

Answer:

1. Boyle’s law

2. Charle’s law

3.  Gay Lussac’s law.

Answer: Zero.

Yes. This is because the mean K.E. per molecule

ie. g KT depends only upon the temperature.

10.

It will be doubled. (~ P « p if other factors are
constant).

Short Questions Answers:

1.

Answer: Evaporation occurs on account of faster
molecules escaping from the surface of the liquid.
The liquid is therefore left with molecules having
lower speeds. The decrease in the average speed
of molecules results in lowering the temperature
and hence cooling is caused.

Answer: On reducing the volume, the space for
the given number of molecules of the gas
decreases i.e. no. of molecules per unit volume
increases. As a result of which more molecules
collide with the walls of the vessel per second and
hence a larger momentum is transferred to the
walls per second. Due to which the pressure of
gas increases.

Answer: According to the kinetic interpretation
of temperature, absolute temperature means the
kinetic energy of molecules.

As heat is taken out, the temperature falls and
hence velocity decreases. At absolute zero, the
velocity of the molecules becomes zero i.e. kinetic
energy becomes zero. So no more decrease in K.E.
is possible, hence temperature cannot fall
further.

Answer: (a) We know that
P =2 mnC2.
3
where n = no. of molecules per unit volume.

Thus when no. of molecules is increased from n
to 2n, no. of molecules per unit volume (n) will
increase from n 2n

n 2n .
p to > hence pressure will become double.

(b) The K.E. of a gas molecule is,
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“mcz=3kT
2 2
If the no. of molecules is increased from n to 2n.

There is no effect on the average K.E. of a gas
molecule, but the total energy is doubled.

: [3p ,3P
r.m.s speed of gas is Crms = |— = [—
p mn

When n is increased from n to 2n. both n and P

. P .
become double and the ratio - remains
n

unchanged. So there will be no effect of
increasing the number of molecule from n to 2n
on r.m.s. speed of gas molecule.

Answer: Helium is monoatomic while Oz is
diatomic. In the case of helium, the supplied heat
has to increase only the translational K.E. of the
gas molecules.

On the other hand, in the case of oxygen, the
supplied heat has to increase the translations,
vibrational and rotational K.E. of gas molecules.
Thus
temperature rise.

helium would undergo a greater
Answer: Let m1 and m:z be the masses of two
bodies having heat capacities S1 and S1
respectively.
~ (m1+ m2)S =miS1 + m2Sz = m1S1 + m1S1=2m1S1
_ 2mS,

m, +m,

S

Also, m2S2 = m1S1

( Heat capacities of two bodies are same.)

S
or m2=—m1 L
SZ
o_ 2mS, 255,
ml+m151 S, +S,

2

Answer: (a) A monoatomic gas possesses 3
translational degrees of freedom for each
molecule.

(b) A diatomic gas molecule has 5 degrees of
freedom including 3 translational and 2
rotational degrees of freedom.

(c) The polyatomic gas molecule has 6 degrees
of freedom (3 and 3
rotational).

translational

Answer: It states that in equilibrium, the total
energy of the system is divided equally in all
possible energy modes with each mode i.e.

10.

degree of freedom having an average energy
1

equal to 3 KgT.

Answer: It is not possible to increase the

temperature of a gas keeping volume and
pressure constant can be explained as follows:

According to the Kinetic Theory of gases,

P:lpCZ:lMc2
3 3V
_1M, -
3V

(+ C2=KT, when k is a constant)

T x PV
Now as T is directly proportional to the product
of P and V. If P and V are constant, then T is also
constant.
Answer: The K.E. of moving water is dissipated

into internal energy. The temperature of water
thus increases.

Long Questions Answers:

1.

Answer:
Here, p=0.09kg m™
P =76 cm of Hg
=76 x13.6 x 980 dyne cm2
=1.01 x 105 Nm-2
c=7?

Using the relation,

P=%pC2, we get

c 3P _ ,3><1.01><105
P 0.09
=\[337x10°

C=1.836x10° ms™
=1836 ms-!

Answer: Let t be the required temperature = ?
and Ct, C27 be the r.m.s. velocities of the gas
molecules at t°C and 27°C respectively.

) (given)

C27

Also let M = molecular weight of the gas

Now T =t+ 273

and T27 =27 + 273 =300K

-~ Using the relation
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3RT
C=,]—, weget
M
C - 3RT
M
3RT.
and Cyy = M27

t+273
or 2=
300
t+273
or =
300
or t=1200-273 =9274°C

Answer: Here, p=0.178 gdm-3
=0.178 x 103 gcm3 (+ 1 dm3 = 103 cm?3)
=178 x 10-¢ g cm™3

Volume of 1 mole of gasi.e. 4 g of gas = th:isty
or V=M =—4 cm?®
p 178x10°°
T=273KatNTP
R:ﬂ: 76x13.6x980x 4
T  178x107°x273
K.E/mole =7
We know that
K.E/mole :%RT
=§X76><13.6><980><4X273

2 178x10°°x273
=3.42x10%erg
3.42x10"

——1=3.42x10%)
10
Answer: Here, n = 2.79 x 1025 molecules m-3
A=22x10%m
d=?
Using the relation.
1 1
A=—=——, we get
J2 mnd? &
d? 11

J2 i,

1

T 1.414x3.142x2.79x 10" x 2.2x10°

=0.03666 x 107 m?
=0.367 x 10718 m?

d=+0.367x10"8m?
=0.606 x 10° m = 606 nm

Answer: Here, K..E. per molecule at27°C=4 x 10-
11 ]

Let u = number of molecules in 1 cm3 or 10-6 m3
~ Mean KEE.percm3 =px 4 x 10117 ....(1)
Now K.E. per gram molecule = z RT

for a perfect gas, PV = RT

~ K.E, per gram molecule = % PV

or

K.E. per cm3 of gas = ; PV

P =10 mm of Hg = 10-2 m of Hg
=102x13.6 x 103 x 9.8

=136 x 9.8 Nm2V

=1cm3

=10°m3

~ K.E per cm3 of gas = Z x 136 x 9.8 x 106
=1.969 x 103 ] ....(ii)

-~ from (i) and (ii) we get
wx4x1011=1.969 x 103

or

1.969 x 1073
4 x 1011
=492 x 107 molecules.

H:

Assertion Reason Answer:

1.

2.

(b) Both A and R are true, but Ris NOT the correct
explanation of A

(a) Both A and R are true, and R is the correct
explanation of A

Case Study Questions-

1.

Boyle’s law is a gas law which states that the
pressure exerted by a gas (of a given mass, kept
at a constant temperature) is inversely
proportional to the volume occupied by it. In
other words, the pressure and volume of a gas are
inversely proportional to each other as long as
the temperature and the quantity of gas are kept
constant. For a gas, the relationship between
volume and pressure (at constant mass and
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temperature) can be expressed mathematically
as follows. P« (1/V) Where P is the pressure
exerted by the gas and V is the volume occupied
by it. This proportionality can be converted into
an equation by adding a constant, k. Charles law
states that the volume of an ideal gas is directly
proportional to the absolute temperature at
constant pressure. The law also states that the
Kelvin temperature and the volume will be in
direct proportion when the pressure exerted on
asample of a dry gas is held constant. Charles law
and Boyle’s law applied to low density gas only.
The total pressure of a mixture of ideal gases is
the sum of partial pressures. This is Dalton’s law
of partial pressures.

i.  Boyle’s law is obeyed by high as well as
low density gases. True or False?
a. True
b. False

ii. Charles law is states that volume of an
ideal gas is directly proportional to
temperature at constant

a. Temperature

b.  Pressure

c. Volume

d. None of these
iii. State Daltons law of partial pressures
iv. State Boyle’s law
v. State Charles law
Pressure of an Ideal Gas: according to kinetic
theory of gases pressure is given by P=1/3 nmv2
Where, nis number of molecules per unit volume,
m is mass and v2 is mean squared speed. Though
we choose the container to be a cube, the shape
of the vessel really is immaterial. The average
kinetic energy of a molecule is proportional to the
absolute temperature of the gas; it is independent
of pressure, volume or the nature of the ideal gas.
This is a

temperature, a

fundamental result relating

macroscopic  measurable
parameter of a gas (a thermodynamic variable as
it is called) to a molecular quantity, namely the
average kinetic energy of a molecule. The two
domains are connected by the Boltzmann
kbT. Where kb is

Boltzmann constant having value of 1.38*10-23

constant and given by E =

joule per Kelvin. We have seen that in thermal
equilibrium at absolute temperature T, for each

translational mode of motion, the average energy
is %2 Kb T. The most elegant principle of classical
statistical mechanics (first proved by Maxwell)
states that this is so for each mode of energy:
translational, rotational and vibrational. That is,
in equilibrium, the total energy is equally
distributed in all possible energy modes, with
each mode having an average energy equal to %
kB T. This is known as the law of equipartition of
energy. Accordingly, each translational and
rotational degree of freedom of a molecule
contributes %2 kB T to the energy, while each
vibrational frequency contributes 2 x %2 kB T =kB
T, since a vibrational mode has both kinetic and

potential energy modes.

i. Boltzmann constant has value of
a. 1.38*10-23 joule per Kelvin.
b. 1.38*10-28 joule per Kelvin.
c. 1.38*10-39joule per Kelvin.
d. None of these

ii. SI unit of Boltzmann constant is given by
a. Joules per meter
b. Joules per Kelvin
c. Joules per Newton

d. None of these

iii. According to Kinetic theory give formula

for pressure of idea gas.

iv. According to Kinetic theory what is
average Kinetic energy of molecules of
ideal gas?

V. What is law of equipartition of energy?

Case Study Answer-

1.

Answer

i. (a)True

ii.  (b) Pressure

iii. The total pressure of a mixture of ideal gases
is the sum of partial pressures exerted by all

the molecules of gas. This is Dalton’s law of
partial pressures.

iv. Boyle’s law is a gas law which states that at
constant temperature the pressure exerted
by a gas is inversely proportional to the
volume occupied by it. In other words, the
pressure and volume of a gas are inversely
proportional to each other as long as the
temperature and the quantity of gas are kept

@ www.stepupacademy.ind.in

(© @stepupacademyindia

€) @stepupacademyindia r@ @stepupacademy_



276 |

Step Up Academy @

constant. For a gas, the P (1/V) Where P
is the pressure exerted by the gas and V is
the volume occupied by it. This
proportionality can be converted into an
equation by adding a constant k.

Charles law states that the volume of an
ideal gas is directly proportional to the
absolute temperature at constant pressure.

2. Answer

I.

il

iil.

iv.

(a) 1.38*10-23 joule per Kelvin.
(b) Joules per Kelvin

According to kinetic theory of gases
pressure is given by P = 1/3 nmvZ Where, n
is number of molecules per unit volume, m
is mass and v?is mean squared speed.
Though we choose the container to be a
cube, the shape of the vessel really is
immaterial.

The average Kinetic energy of a molecule
is proportional to the absolute temperature

of the gas; it is independent of pressure,
volume or the nature of the ideal gas and
given by E = 3/2 k»T.

Where kpis Boltzmann constant having
value of 1.38*10-23 joule per Kelvin.

We know that for each translational mode of
motion, the average energy is% Kb
T. classical statistical mechanics states that
in equilibrium, the total energy is equally
distributed in all possible energy modes,
with each mode having an average energy
equal to ¥z keT. This is known as the law of
equipartition of energy. Accordingly, each
translational and rotational degree of
freedom of a molecule contributes %2 ksT to
the energy, while each vibrational frequency
contributes2 x % ks T = kgT, since a
vibrational mode has both kinetic and
potential energy modes.

>
>
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Oscillations

Introduction

In this chapter we will learn about oscillatory motion or oscillations. Any motion which repeats itself at regular
intervals of time is known as periodic motion. If a body moves back and forth repeatedly about its mean position,
then it is said to be in oscillatory motion.

For example: The to and fro movement of pendulum, jumping on a trampoline, a child swinging on a swing.

Oscillations can be defined as Periodic to and fro motion which repeat itself at regular intervals of time.

To and from motion Child on a swing Kids jumping on the trampoline
of pendulum

Oscillatory Motion and Periodic Motion

Periodic motion is defined as the motion that repeats itself after fixed intervals of time. This fixed interval of time
is known as time period of the periodic motion. Examples of periodic motion are motion of hands of the clock,

motion of planets around the sun etc.

Oscillatory motion is defined as the to and from motion of the body about its fixed position. Oscillatory motion is

a type of periodic motion. Examples of oscillatory motion are vibrating strings, swinging of the swing etc.

Oscillatory Motion

Oscillatory motion is defined as the to and from motion of an object from its mean position. The ideal condition is
that the object can be in oscillatory motion forever in the absence of friction but in the real world, this is not

possible and the object has to settle into equilibrium.

To describe mechanical oscillation, the term vibration is used which is found in a swinging pendulum. Likewise,

the beating of the human heart is an example of oscillation in dynamic systems.
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Examples of Oscillatory Motion

Following are the examples of oscillatory motion:

e  Oscillation of simple pendulum

e  Vibrating strings of musical instruments is a mechanical example of oscillatory motion
e  Movement of spring

e  Alternating current is an electrical example of oscillatory motion

e  Series of oscillations are seen in cosmological model

Simple Harmonic Motion

Simple harmonic motion (SHM) is a type of oscillatory motion which is defined for the particle moving along a
straight line with an acceleration which is moving towards a fixed point on the line such that the magnitude is
proportional to the distance from the fixed point.

For any simple mechanical harmonic system (system of the weight hung by the spring to the wall) that is displaced
from its equilibrium position, a restoring force which obeys the Hooke’s law is required to restore the system back
to equilibrium. Following is the mathematical representation of restoring force:

F=—kx
Where,
Fis the restoring elastic force exerted by the spring (N)
k is the spring constant (Nm-1)

x is the displacement from equilibrium position (m)

Periodic Motion

We can classify the motion of various bodies 'y
on the basis of the way they move. For

_ ' ! A|«<— Time period ——|B
example, a car moving on a straight road is

said to have linear motion. Similarly, the
: . mplitude
motion of the earth around the sun is circular :

v

motion. In this session, we shall be discussing Time

Displacement

periodic motion along with its formula.

A motion that repeats itself after equal

intervals of time is known as periodic motion.

Examples of periodic motion: a tuning fork or motion of a pendulum if you analyze the motion you will find that
the pendulum passes through the mean position only after a definite interval of time. We can also classify the above
motion to be oscillatory. An oscillatory is a motion in which the body moves to and from about a fixed position. So
an oscillatory motion can be periodic but it is not necessary.

So taking an example of a wave motion we will see some parameters related to periodic motion. Let’s take the
following figure:

Periodic Motion Formula

Time Period (T): It is the time taken by the motion to repeat itself. So the unit of a time period is seconds.

Frequency (f): Itis defined as a number of times the motion is repeated in one second. The unit of frequency is Hz
(Hertz). Frequency is related to Time period as:

~| -
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Frequency, Time Period and Angular Frequency

As we know, many forms of energy like light and sound travel in waves. A wave is defined through various
characteristics like frequency, amplitude and speed. In wave mechanics, any given wave enfolds parameters like -
frequency, time period, wavelength, amplitude etc. This article lets us understand and learn in detail about
frequency, time period, and angular frequency.

Parameters of a Wave

Frequency definition states that it is the number of

compl . N one cycle
plete cycles of waves passing a point in unit time. y I« N

The time period is the time taken by a complete cycle of

the wave to pass a point. Angular frequency is angular

displacement of any element of the wave per unit of

time. 3
Consider the graph shown below. It represents the Amplitude
displacement y of any element for a harmonic wave \J

along a string moving in the positive x-direction with
respect to time. Here, the string element moves up and
down in simple harmonic motion.

The relation describing the displacement of the element with respect to time is given as:

y (0,t) = a sin (-wt), here we have considered the inception of wavefrom x=0

y (0,t) = -a sin (wt)

As we know, sinusoidal or harmonic motion is periodic in nature, i.e. the nature of the graph of an element of the
wave repeats itself at a fixed duration. To mark the duration of periodicity following terms are introduced for
sinusoidal waves.

Time Period

As shown above, the particles move about the mean equilibrium or mean position with time in a sinusoidal wave
motion. The particles rise until they reach the highest point, the crest, and then continue to fall until they reach the
lowest point, the trough. The cycle repeats itself in a uniform pattern. The time period of oscillation of a wave is
defined as the time taken by any string element to complete one such oscillation. For a sine wave represented by
the equation:

y (0, t) = -a sin(wt)

The time period formula is given as:

Frequency

We define the frequency of a sinusoidal wave as the number of complete oscillations made by any wave element
per unit of time. By the definition of frequency, we can understand that if a body is in periodic motion, it has
undergone one cycle after passing through a series of events or positions and returning to its original state. Thus,
frequency is a parameter that describes the rate of oscillation and vibration.

The equation gives the relation between the frequency and the period:

The relation between the frequency and the period is given by the equation:

f=1/T

For a sinusoidal wave represented by the equation:

y (0,t) = -a sin (wt)

The formula of the frequency with the SI unit is given as:

Formula

1 o
=
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SI unit

Hertz

Angular Frequency

For a sinusoidal wave, the angular frequency refers to the angular displacement of any element of the wave per
unit of time or the rate of change of the phase of the waveform. It is represented by w. Angular frequency formula
and SI unit are given as:

Formula
2n
O=—=27n
T f
SI unit
rads-!
Where,

w = angular frequency of the wave.
T = time period of the wave.

f=ordinary frequency of the wave.

Displacement as a function of time and Periodic function

To understand this idea of displacement as a function of time, we will have to derive an expression for
displacement, assume a body traveling at an initial velocity of v1 at the time t1 and then the body accelerates at a
constant acceleration of ‘a’ for some time and a final velocity of v at the time tz, keeping these things in assumption
let’s derive the following.

T1 T2
- P
v, v,
Q Constant Acceleration Q
Let’s write displacement as
d=V *At

average

Where At is the change in time, assuming that the object is under constant acceleration.

d:[—VlJrVZJ*At
2

Where V; and V1 are final and initial velocities respectively, let’s rewrite final velocity in terms of initial velocity
for the sake of simplicity.

d:[VI+(I/1+a*At)j*At
2

Where a is the constant acceleration the body is moving at, now if we rewrite the above as,

* *
de 2 V1+a At * AL
2 2

The above expression is one of the most fundamental expressions in kinematics, it is also sometimes given as
1
d=Vit+-at?
2

Where Vi is the initial velocity, and t is actually the change in time, all the quantities in this derivation, like Velocity,
displacement and acceleration, are vector quantities.
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Velocity of a particle executing Simple Harmonic Motion
Velocity in SHM is given by v = dx/dt,
x=Asin(ot +¢) \'

V= iA sin(wt + ¢) = wA cos(wt + §)
dt
wA

v=Ao1-sin’ ot

since, x=Asinwt

X2 .2
?:Sln ot

2
= v:AmJl—%

= v=oVA* —x*

On squaring both sides

fig(v-x) graph

N

= v =w?(A% —x?)
2
= L= (A -xY)
()]
2 2
\% X
- cozAzz[l_EJ
2 2
1% 1%
= 2 i

this is an equation of an ellipse.
The curve between displacement and velocity of a particle executing the simple harmonic motion is an ellipse.

When w = 1, then the curve between v and x will be circular.

Acceleration in SHM

a:%:%(&ocos ot +0)
= a=-o’ Asin(ot +9)
= |a| = -’x

Hence the expression for displacement, velocity and acceleration in linear simple harmonic motion are:

x=Asin(ot +¢) =

v =Aw cos(ot + ) = oV A% —x*

and a=—Aw’ sin(ot +$)=—w’x

Energy in Simple Harmonic Motion (SHM)

The system that executes SHM is called the harmonic oscillator.

Consider a particle of mass m, executing linear simple harmonic
motion of angular frequency (w) and amplitude (A), the

displacement (x), velocity (v) and acceleration (a) atany time -w3At--------2

t are given by:

x = Asin(ot + ) fig.a-X graph
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v =Awcos(ot + ) = oV A% —x*

a=-o" Asin(ot +¢) =—0’x

The restoring force (17") acting on the particle is given by:

F =—kx, where k = mo”

Kinetic Energy of a Particle in SHM

= %va [Sin ce,v* = A*w? cos? (mt + ¢)]

= %mooz A% cos* (ot +¢)

1 200 2
== A”—Xx
Jmer (A =)

Therefore, the Kinetic Energy
1 o0p 2 1 a2 2
—Emoo A" cos (oot+¢)_§moo (A°—x7)

Potential Energy of SHM
The total work done by the restoring force in displacing the particle from (x = 0) (mean position) to x = x:

When the particle has been displaced from x to x + dx, the work done by restoring force is dw = F dx = -kx dx

—kx?

W=IdW=]§—kxdx=

m(x)ZXZ
2
k-]

2.2
= —mmTXAZ sin?(ot +¢)

Potential Energy = -(work done by restoring force)
_ mo’x*  mo’A*

S, = sin®(ot +¢)

Total Mechanical Energy of the Particle Executing SHM
E =KE + PE
E=1 ’(A? —xz)+1mo)2x2
2 2

E =Total energy 1 mw?3A2
A 2

EzlmmzA2
2 PE

Hence, the particle’s total energy in SHM is constant, independent of the
instantaneous displacement.

= Relationship between Kinetic Energy, Potential Energy and time in

KE

Simple Harmonic Motion at t = 0, when x = *A.

Pt
= Variation of Kinetic Energy and Potential Energy in Simple Harmonic fig. (PE-KE-t) graph
Motion with displacement:
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E (total energy)

PE (Parabolic)

KE (Parabolic)
X=A X=0X=+A

Simple Pendulum Definition

A simple pendulum is a mechanical arrangement that demonstrates periodic motion. The simple pendulum
comprises a small bob of mass ‘m’ suspended by a thin string secured to a platform at its upper end of length L.
The simple pendulum is a mechanical system that sways or moves in an oscillatory motion. This motion occurs in
a vertical plane and is mainly driven by the gravitational force. Interestingly, the bob that is suspended at the end
of a thread very light somewhat we can say it is even massless. The period of a simple pendulum can be made
extended by increasing the length string while taking the measurements from the point of suspension to the middle
of the bob. However, it should be noted that if the mass of the bob is changed it will the period remains unchanged.
Period is influenced mainly by the position of the pendulum in relation to Earth as the strength of gravitational
field is not uniform everywhere.

Meanwhile, pendulums are a common system whose usage is seen in various instances. Some are used in clocks to
keep track of the time while some are just used for fun in case of a child’s swing. In some cases, it is used in an
unconventional manner such as a sinker on a fishing line. In any case, we will explore and learn more about the
simple pendulum on this page. We will discover the conditions under which it performs simple harmonic motion
as well as derive an interesting expression for its period.

Important Terms
The oscillatory motion of a simple pendulum: Oscillatory motion is defined as the to and fro motion of the
pendulum in a periodic fashion and the centre point of oscillation known as equilibrium position.

The time period of a simple pendulum: It is defined as the time taken by the pendulum to finish one full oscillation
and is denoted by “T”.

The amplitude of simple pendulum: It is defined as the distance travelled by the pendulum from the equilibrium
position to one side.

Length of a simple pendulum: It is defined as the distance between the point of suspension to the centre of the bob
and is denoted by “1”.

Spring Mass System Arrangements

Spring mass systems can be arranged in two ways. These include;
The parallel combination of springs

Series combination of springs

We will discuss them below;

Parallel Combination of Springs

Fig (a), (b) and (c) - are the parallel combination of
springs.

Displacement on each spring is the same.

(b)

But restoring force is different;

F=F, +F, K, K,

Since, F = -kx, the above equation can be written as

= —k,x =—k;x =k,x (c)
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= —xk, =—x(k, +k;)
= k, =k +k,

Time Period of Simple Pendulum Derivation
Using the equation of motion, T - mg cos® = mv2L
The torque tending to bring the mass to its equilibrium position,
T=mgL x sin@ =mgsin@ xL=1xa
For small angles of oscillations sin 6 = 6,
Therefore, [ = -mgL0
o = -(mgL0)/I
—~x0=—(mgL) /I

oy =(mgL)/1

®, =+/(mgL /1)

Using [ = ML?, [where I denote the moment of inertia of bob]

@y =+(g/1L)

Therefore, the time period of a simple pendulum is given by,

T =211/, =211x(L/g)

we get,

Top Formulae

Displacement in SHM

y=asin (ot )

Velocity in SHM

= ,}az e

Acceleration in SHM

=-mzy' and m=2nv=2nT

Potential energy in SHM

U: %m (uzaz :Ekvz

Kinetic energy in SHM

K = %m w’(a® -y?) = %k(az e

)

Total energy E- % m o?a? = Lia?
Spring constant k=Fly

Spring constant of parallel k=k; +k;
combination of springs

Spring constant of series combination 1 1 . 1

of springs k k; k

Time period

Equation of displacement in damped
oscillation

If the damping force is given by

Fs = =b v, where v is the velocity of

the oscillator and b is its damping

constant, then the displacement of

the oscillator is given by
X (t) = Ae ™ cos ('t + D),

where o' is the angular frequency of the

damped oscillator and is given by

.|k b’
W = |—-—
m  4m?
Mechanical energy E of damped E(t) = 1 KAze 2™
oscillator 2
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,./ Class : 11th Physics \
'-.\ Chapter- 14 : Oscillations /
Velocity in SHM Acceleration in SHM Energy in'SHM
N :
p=—tX —0Asin(ot+e) gy cos(wt+g) "e"c] Energy
d(t) ot . KE =—ma’?A*sin? (ot + ¢)
V.= 0A A ™ ©°A .2
= Potential Energy
PE= % ma*A’ cos® (ot +¢)
Dlsplacement in SHM Total energy, T.E.=K.E.+ P.E.
X(t)= A(coswt+p) f % kA*[cos *( o+ @) +sin’( ot +4 |
A= Amplitude i.e., maximum
displacement of particles. H
Forcelaw equation for SHM
F= —k(x),k =mo?
Phase 7
Time varying e
quantity(wt + ¢) Simple Harmonic
Motion is the simplest
form of
oscillatory motion. Time period(T)

Phase constant or Phase

The smallest interval of

angle ()
- It depends upon velocity (v)

time after which the

-

and displacement of particle : moten
= is repeated
att=0 SHM
~ Frequency
' N The number of
e \ oscillations per
. Oscillations ) second.
1 / - Every oscillatory motion is ie, (. 1 o
\ GEVRT T 27
< — periodic,
T but every periodic motion need
not be oscillatory.
- To and from motion repeatedly
about - Forced Oscillations
Oscillations due to a spring a fixed point in a definite interval Drivig fosow, B sBicini
J; / of time. Displacement, x (t)=Acos(ey +¢)
= —_— 3 L x (1)=/Ac0s +9)
Time period T =21 3 )
F AtpBioda s : ,
Here,k=; = spring constant {m=(m*- of) mjb‘}'
tang = ‘-) %
. v Damped Oscillations
Simple pendullum : Oscillation of a body whose amplitude \
Time periodT = 27 ’Tgl- =2, 5 goes on decreasing with time.
Damping force F,= -bv, b = damping constant Resonance
Displacement of damped oscillator When frequency of
x = x " sin(ot+¢) external force is equal
to natural frequency
Amplitude decreases with time as -
of oscillator.
x = x e®2mp
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Important Questions

Multiple Choice Questions-

1.

If an simple pendulum oscillates with an
amplitude of 50 mm and time period of 2s, then
its maximum velocity is

(a) 0.10 m/s

(b) 0.16 m/s

(©)0.25m/s

(d) 0.5m/s

If the frequency of the particle executing S.H.M. is

n, the frequency of its kinetic energy becoming
maximum is

(@)n/2

(b)n

(c) 2n

(d) 4n

Spring is pulled down by 2 cm. What is amplitude
of motion?

(@) 0 cm

(b) 6 cm

()2 cm

(d) cm

The period of thin magnet is 4 sec. if it is divided

into two equal halves then the time period of each
part will be

(a) 4 sec
(b) 1 sec
(c) 2 sec
(d) 8 sec

The acceleration of particle executing S.H.M.
when it is at mean position is

(a) Infinite

(b) Varies

(c) Maximum

(d) Zero

A spring of force constant k is cut into two pieces
such that on piece is double the length of the

other. Then the long piece will have a force
constant of

(a)2k/3
(b) 3k/2
(93k
(d)6k

10.

Particle moves from extreme position to mean
position, its
(a) Kinetic energy increases, potential increases

decreases

(b) Kinetic
increases

energy decreases, potential

(c) Both remains constant

(d) Potential energy becomes zero and kinetic
energy remains constant

Grap of potential energy vs. displacement of a S.H.
Oscillator is

(a) parabolic

(b) hyperbolic

(c) elliptical

(d) linear

The time-period of S.H.O. is 16 sec. Starting from

mean position, its velocity is 0.4 m/s after 2 sec.
Its amplitude is

(a) 0.36 m
(b) 0.72 m
(c) 1.44 m
(d)2.88 m

A simple pendulum is made of a body which is a
hollow sphere containing mercury suspended by
means of a wire. If a little mercury is drained off,
the period of pendulum will

(a) Remain unchanged
(b) Increase
(c) Decrease

(d) Become erratic

Assertion Reason Questions:
1.

Directions:

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the

assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(c) Ifassertion is true but reason is false.

(d) Ifthe assertion and reason both are false
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Assertion: Sine and cosine functions are periodic
functions.

Reason: Sinusoidal functions repeats it values
after a definite interval of time.

Directions:

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the
assertion.

If both assertion and reason are true but

(b)

reason is not the correct explanation of the
assertion.

(c) Ifassertion is true but reason is false.
(d)

Assertion: Simple harmonic motion is a uniform

If the assertion and reason both are false

motion.
Reason: Simple harmonic motion is not the
projection of uniform circular motion.

Answer Key

MCQ Answers-

8.
9.

N o ks wN e

Answer: (b) 0.16 m/s
Answer: (c) 2n
Answer: (c) 2 cm
Answer: (c) 2 sec
Answer: (d) Zero
Answer: (b) 3 k/2

Answer: (a) Kinetic energy increases, potential
increases decreases

Answer: (a) parabolic

Answer: (c) 1.44 m

10. Answer: (b) Increase

Very Short Questions-

1. How is the time period effected, if the amplitude
of a simple pendulum is in Creased?

2. Define force constant of a spring.

3. At what distance from the mean position, is the
kinetic energy in simple harmonic oscillator
equal to potential energy?

4. How is the frequency of oscillation related with
the frequency of change in the of K. E and PE of
the body in S.H.M.?

5.  Whatis the frequency of total energy of a particle
in S.H.M.?

6. How is the length of seconds pendulum related
with acceleration due gravity of any planet?

7. If the bob of a simple pendulum is made to

oscillate in some fluid of density greater than the
density of air (density of the bob density of the
fluid), then time period of the pendulum
increased or decrease.

10.

How is the time period of the pendulum effected
when pendulum is taken to hills Or in mines?

Define angular frequency. Give its S.I. unit.

Does the direction of acceleration at various
points during the oscillation of a simple
pendulum remain towards mean position?

Very Short Answers-

1.

Ans. No effect on time period when amplitude of
pendulum is increased or decreased.

Ans. The spring constant of a spring is the change
in the force it exerts, divided by the change in
deflection of the spring.

Ans. Not at the mid-point, between mean and

extreme position. it will be at x = a\/i.

Ans. P.E. or K.E. completes two vibrations in a
time during which S.H.M completes one vibration
or the frequency of P.E. or K.E. is double than that
of SH.M

Ans. The frequency of total energy of particle is
S.H.M is zero because it retain constant.

Ans. Length of the seconds

proportional to acceleration due to gravity)

pendulum

Ans. Increased

Tai

Jg

Ans. As T will increase.

Ans. It is the angle covered per unit time or it is
the quantity obtained by multiplying frequency

by a factor of 2 T &= v, S.I. unit is rads s-!
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10. Ans. No, the resultant of Tension in the string and

weight of bob is not always towards the mean
position.

Short Questions-

1.

A mass = m suspend separately from two springs
of spring constant kiand k2 gives time period
trand tzrespectively. If the same mass is
connected to both the springs as shown in figure.
Calculate the time period ‘t" of the combined

system?

.-'__,..-f'.-'.-____-l__;-'x.-'!-;.-'
] ]
I. I.
] |"I_.
IE: I::-=

K, /= = K.

L i L :

Show that the total energy of a body executing
SHN is independent of time?

A particles moves such that its acceleration ‘a’ is
given by a = -b x where x = displacement from
equilibrium position and b is a constant. Find the
period of oscillation? 2

SHN. is
displacement function:

A particle is described by the

2
X=ACOS(Wt+(D);W=?Tc
If the initial (t = 0) position of the particle is 1 cm
and its initial velocity is m cm | s, What are its
amplitude and phase angle?

Determine the time period of a simple pendulum
of length =1 when mass of bob =m Kg? 3

Which of the following examples represent
periodic motion?
(@) A swimmer completing one (return) trip

from one bank of a river to the other and
back.

(b) A freely suspended bar magnet displaced
from its N-S direction and released.

() A hydrogen molecule rotating about its
center of mass.

(d) Anarrow released from a bow.

Figure 14.27 depicts four x-t plots for linear
motion of a particle. Which of the plots represent
periodic motion? What is the period of motion (in
case of periodic motion)?

10.

(a

X

LAfA S
P

X

_ \WJ/EM;/L\\H/\"" &

13

(d)

Al
e Y

Which of the following relationships between the
accelerationaand the displacementxof a

particle involve simple harmonic motion?

(@) a=0.7x

2
(b) a=-200-+
(c)a=-10x

|
(d)a=100+

The acceleration due to gravity on the surface of
moon is 1.7ms-2. What is the time period of a
simple pendulum on the surface of moon if its
time period on the surface of earth is 3.5 s? (g on
the surface of earth is 9.8 ms-2)

A simple pendulum of length / and having a bob
of mass M is suspended in a car. The car is moving
on a circular track of radius R with a uniform
speed v. If the pendulum makes small oscillations
in a radial direction about its equilibrium
position, what will be its time period?
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Short Answers-

1.

Ans. If T = Time Period of simple pendulum
m = Mass

k = Spring constant

then,
2
or k= 4;2m
2
k, = 4“2 let T =t
t
For first spring:
2
ok, = e Tt
t;

For second spring:

When springs is connected in parallel, effective
spring constant, k =k =ki + ke

47°m N 47°m

8 4

or k=

If t = total time period

4n2m_4n2m 47°m
2 A " 2

t t t;
1 1 + 1
2”2 2
"t ot
2 _ 42 42
or t"=t"+t,

)

Ans. Lety = displacement at any time't
a = amplitude

w = Angular frequency

v = velocity,
y=aSinwt
d d
=v_4 (a sin wt)
dt dt
So, V=awcos wt

Now, kinetic energy = K. E. :%mv
KE.= %mwza2 cos’wt —1)
: 1,5
Potential energy =§ky

PE.= %ka2 sin® wt —2)

Adding equation 1) & 2)
Total energy = K.E. + P.E.

1 .
:—mw a* cos Wt+2ka2 sin®wt

Since \/7z>wm k?

Total energy _Emw a* cos® wt + 2ka sin®wt
1 1
=—ka* cos® wt +=ka* sin® wt
2 2
1, 5 2 .2
=Eka (cos” wt +sin“ wt)

Total energy = %ka

Thus total mechanical energy is always constant
1
is equal to Eka2 . The total energy is independent

to time. The potential energy oscillates with time
2
and has a maximum value of k% . Similarly, K. E.

oscillates with time and has a maximum value of

ka’ ka®
4 At any instant = constant = T.The K. Eor

P.E. oscillates at double the frequency of S.H.M.

Ans. Given that a =-b x, Since a « x and is directed
apposite to x, the particle do moves in S. H. M.
a =b x (in magnitude)
x 1
or —==
a

b

Displacement 1
or ———=—>51)
Accleration b

Displacement
Time period = T=2n p—
\} Accleration

Using equation 1)

TzZTt\/I
b

Ans. Att=0;x=1cm;w=m/s

t=Time

x = Position

w = Argular frequency
x=Acos(Wt+¢)
1=Acos(nx0+¢)
1=Acos ¢
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dx d
Now, v=—=—/(Acos(wt +
o= (Acos(wt +4))

Att=0;v=ncm/s;w=mn/s
K =—Ax sin(ntx0+¢)

= —-1=Asin¢—2)

Squaring and adding 1) & 2)
A* cos® ¢+ A% sin® p=1+1
A?*(cos? ¢ +sin® p)=2
A%=2
A:\/Ecm

Dividing 2) by 1), we have:

Asind)__l
Acosd

tan p=-1

or d=tan'(-1)

_3n
4

Ans. It consist of a heavy point mass body

¢

suspended by a weightless inextensible and
perfectly flexible string from a rigid support
which is free to oscillate.

The distance between point of suspension and
point of oscillation is effective length of
pendulum.

M = Mass of B ob
x = Displacement = OB

I =length of simple pendulum

Let the bob is displaced through a small angle 6
the forces acting on it:-

1) weight = Mg acting vertically downwards.

2) Tension = T acting upwards.

Divide Mg into its components — Mg Cos 6 & Mg
Sin 6

T=MgCos 9

F=MgSin 0
-ve sign shows force is divested towards the
ocean positions. If 8 = Small,

~0= ArcOB _x
l l
Sin ©
Fz—Mg?

In S.H.M,, vestoring fore,
X
F:—mgGF:—mg7—>1)

Also, if k = spring constant
F=-kx

/mg§ =~k X(equating F= —mg§j

k="9
I
T=27t\/E
k
=27 pix1
ng

T:ZTC\/z
g

i.e. 1) Time period depends on length of
pendulum and ‘g’ of place where
experiment is done.

2) T is independent of amplitude of
vibration provided and it is small and
also of the mass of bob.

Ans. (b) and (c)

(@) The swimmer"s motion is not periodic. The
motion of the swimmer between the banks
of ariver is back and forth. However, it does
not have a definite period. This is because
the time taken by the swimmer during his
back and forth journey may not be the same.

(b) The motion of a freely-suspended magnet, if
displaced from its N-S direction and
released, is periodic. This is because the
magnet oscillates about its position with a
definite period of time.

(c) When a hydrogen molecule rotates about its
centre of mass, it comes to the same position
again and again after an equal interval of
time. Such motion is periodic.
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(d) Anarrowreleased from a bow moves only in
the forward direction. It does not come
backward. Hence, this motion is not a
periodic.

7. Ans. (b) and (d) are periodic

(a) Itisnota periodic motion. This represents a
unidirectional, linear uniform motion. There
is no repetition of motion in this case.

(b) In this case, the motion of the particle
repeats itself after 2 s. Hence, it is a periodic
motion, having a period of 2 s.

(c) Itis not a periodic motion. This is because
the particle repeats the motion in one
position only. For a periodic motion, the
entire motion of the particle must be
repeated in equal intervals of time.

(d) In this case, the motion of the particle
repeats itself after 2 s. Hence, it is a periodic
motion, having a period of 2 s.

8. Ans. (c) A motion represents simple harmonic
motion if it is governed by the force law:

F=-kx

ma = -k

Where,
Fis the force
m is the mass (a constant for a body)
x is the displacement
a is the acceleration
kis a constant

Among the given equations, only equation a = -

10 x is written in the above form with K:10
m

Hence, this relation represents SHM.

9. Ans. Acceleration due to gravity on the surface of
moon, g' = 1.7 ms2

Acceleration due to gravity on the surface of

10.

| 291
TZ
= X
@y ?
. (35) m
4x(3.14)

The length of the pendulum remains constant.

On moon"s surface, time period, T'=2n ,L
g

Hence, the time period of the simple pendulum
on the surface of moon is 8.4 s.

Ans. The bob of the simple pendulum will
experience the acceleration due to gravity and
the centripetal acceleration provided by the
circular motion of the car.

Acceleration due to gravity = g

. . V2
Centripetal acceleration = =
Where,

v is the uniform speed of the car
R is the radius of the track

Effective acceleration (g, ) is given as:

Time period, T =2xn i
\/ Aoy

Where, l is the length of the pendulum

~Time period, T =21

Long questions-

1.

Whatis Simple pendulum? Find an expression for
the time period and frequency of a simple

earth, g = 9.8 ms-2 pendulum?
Time period of a simple pendulum on earth, T'= —— e
35s )
l ;
T=2n \F <
9 _ MgSin g . p
Where, 9 o Jox
lis the length of the pendulum Mg Mg Cosg
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A particle is in linear simple harmonic motion
between two points, A and B, 10 cm apart. Take
the direction from A to B as the positive direction
and give the signs of velocity, acceleration and
force on the particle when it is

(a) at the end A,

(b) at the end B,

(c) at the mid-point of AB going towards A,
(d) at 2 cm away from B going towards A,

(e) at 3 cm away from A going towards B, and
(f) at 4 cm away from B going towards A.

The motion of a particle executing simple

harmonic motion is described by the

displacement function,
x(t)=Acos (0t +w)

If the initial (t = 0) position of the particle is 1 cm

and its initial velocity is @ cm/s, what are its
amplitude and initial phase angle? The angular
frequency of the particle is m s-1. If instead of the

cosine function, we choose the sine function to

describe the SHM: x = B sin (f:EJ t+ a), what are
the amplitude and initial phase of the particle
with the above initial conditions.

In Exercise 14.9, let us take the position of mass
when the spring is unstreched as x =0, and the
direction from left to right as the positive
direction of x-axis. Give x as a function of time t
for the oscillating mass if at the moment we start
the stopwatch (t = 0), the mass is

(a) at the mean position,
(b) at the maximum stretched position, and
(c) at the maximum compressed position.

In what way do these functions for SHM differ
from each other, in frequency, in amplitude or the
initial phase?

Plot the corresponding reference circle for each
of the following simple harmonic motions.
Indicate the initial (t = 0) position of the particle,
the radius of the circle, and the angular speed of
the rotating particle. For simplicity, the sense of
rotation may be fixed to be anticlockwise in every
case: (xisincmand tisins).

(@) x=-2sin (3t + m/3)
(b) x = cos (/6 - t)

() x=3sin (2mt + /4)
(d)x=2cosmt

Figure 14.30 (a) shows a spring of force
constant k clamped rigidly at one end and a
mass m attached to its free end. A force F applied
at the free end stretches the spring. Figure 14.30
(b) shows the same spring with both ends free
and attached to a mass m at either end. Each end
of the spring in Fig. 14.30(b) is stretched by the
same force F.

I3 i "t 3 I

(a) What is the maximum extension of the

spring in the two cases?

(b) Ifthe mass in Fig. (a) and the two masses in
Fig. (b) are released, what is the period of
oscillation in each case?

One end of a U-tube containing mercury is
connected to a suction pump and the other end to
atmosphere. A small pressure difference is
maintained between the two columns. Show that,
when the suction pump is removed, the column
of mercury in the U-tube executes simple
harmonic motion.

An air chamber of volume V has a neck area of
cross section a into which a ball of mass m just
fits and can move up and down without any
friction (Fig.14.33). Show that when the ball is
pressed down a little and released, it executes
SHM. Obtain an expression for the time period of
oscillations

assuming pressure-volume

variations of air to be isothermal seeFig.14.33.

Aar

Long Answers-

1.

Ans. A simple pendulum is the most common
example of the body executing S.H.M, it consist of
heavy point mass body suspended by a
weightless inextensible and perfectly flexible
string from a rigid support, which is free to
oscillate.
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Let m = mass of bob
1 = length of pendulum
Let O is the equilibrium position, OP =X

Let 8 = small angle through which the bob is
displaced.

The forces acting on the bob are:-
1) The weight = M g acting vertically downwards.
2) The tension = T in string acting along Ps.

Resolving Mg into 2 components as Mg Cos 6 and
Mg Sin 6,

Now, T = Mg Cos 6
Restoring force F = - Mg Sin 6

-ve sign shows force is directed towards mean
position.

Arc(op) _x

Let 6 =Small,soSin6 =0 =
1 1

Hence F=-mg0
F:—mg§—>3)

Now, In S.H.M, F = k x -4) k = Spring constant
Equating equation3) & 4) for F

—kx=—mg?

Spring factor =k = g

Inertia factor = Mass of bob =m

Now, Time period =T

_on Inertia factor
Spring factor

m
mg /1

T=21'c\/z
g

Ans. (@) Zero, Positive, Positive

=271

(b) Zero, Negative, Negative

(c) Negative, Zero, Zero

(d) Negative, Negative, Negative
(e) Zero, Positive, Positive

(f) Negative, Negative, Negative

Explanation:

The given situation is shown in the following
figure. Points A and B are the two end points, with
AB =10 cm. O is the midpoint of the path.

A 0 B

A particle is in linear simple harmonic motion
between the end points

(a) Atthe extreme point A, the particle is at rest
momentarily. Hence, its velocity is zero at
this point.

Its acceleration is positive as it is directed
along AO.

Force is also positive in this case as the
particle is directed rightward.

(b) Atthe extreme point B, the particle is at rest
momentarily. Hence, its velocity is zero at
this point.

Its acceleration is negative as it is directed
along B.

Force is also negative in this case as the
particle is directed leftward.

(9

2om
e

A O B

The particle is executing a simple harmonic
motion. O is the mean position of the
particle. Its velocity at the mean position O
is the maximum. The value for velocity is
negative as the particle is directed leftward.
The acceleration and force of a particle
executing SHM is zero at the mean position.

(d

Zom
-

A O B

The particle is moving toward point O from
the end B. This direction of motion is
opposite to the conventional positive
direction, which is from A to B. Hence, the
particle's velocity and acceleration, and the
force on it are all negative.

(e)

A D 0 B

The particle is moving toward point O from
the end A. This direction of motion is from A
to B, which is the conventional positive
direction. Hence, the values for velocity,
acceleration, and force are all positive.
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0

4cm
e B——

E B

A 4]
This case is similar to the one given in (d).
Ans. Initially, at t = 0:
Displacement, x =1 cm
Initial velocity, v = @ cm/sec.
Angular frequency, ® = mrad/s!
It is given that:
X(x)=Acos(mt + )
1=Acos(wx0+¢)=Acosd
Acosdp=1 (D)

dx
Velocity, v=—
v dt

o=—Aosin(wt +¢)
1= Asin(wx0+¢)=Asind
Asing=1 (i)

Squaring and adding equations (i) and (ii), we
get:

A*(sin® p+cos® ¢p)=1+1
A?=2
A= JE cm
Dividing equation (ii) by equation (i), we get:
tan p=-1

SHM is given as:
x=Bsin(wt+a)
Putting the given values in this equation, we get:
1=Bsin[ox0+ad]
Bsina=1 (1)
Velocity, v=wmBcos(wt+a)
Substituting the given values, we get:
n=n Bsina
Bsina=1 (V)

Squaring and adding equations (iii) and (iv), we
get:

B? [sin2 a+cos? a] =1+1

B*=2

B= \/E cm
Dividing equation (iii) by equation (iv), we get:

Bsina _1
Bcosa 1

T
tana=1=tan—
4

Ans. (a) x = 2sin 20t
(b) x = 2cos 20t
(c) x=-2cos 20t

The functions have the same frequency and
amplitude, but different initial phases.

Distance travelled by the mass sideways, A = 2.0
cm

Force constant of the spring, k= 1200 Nm-1!
Mass, m = 3 kg

Angular frequency of oscillation:

k
o=,[—
m

= % =400 =20 rads™*

(a) When the mass is at the mean position,
initial phase is 0.

Displacement, x = Asin @

= 2sin 20t

(b) At the maximum stretched position, the
mass is toward the extreme right. Hence, the

initial phase is g .
Displacement, x= Asinioot + gj
= ZSin(ZOt +Ej
2
=2cos 20t

(c) At the maximum compressed position, the
mass is toward the extreme left. Hence, the

initial phase is 377t .
. . 3n
Displacement, x =Asin| ot + >

:2sin(20t+Ej
2
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=-2cos 20t

The functions have the same frequency

20
[Z_HZJ and amplitude (2 cm), but different
T

initial phases (0, E, 3—) .
2 2
Ans.(a)
x=-2sin| 3t + = |=+2cos| 3t + =+ =
3 3 2
=2cos (Bt + S—ch
6

If this equation is compared with the standard
2

SHM equation x = ACOS[FTEL“ + (I)j, then we get:

Amplitude, A=2 cm

Phase angle, ¢ = % =150°

Angular velocity, o= 2—; =3rad / sec.

The motion of the particle can be plotted as
shown in the following figure.

LY

=73 radisec.

3

Br=0)

—cos| Tt |= _I
(b) x—cos(6 t) cos(t 6}

If this equation is compared with the standard

2
SHM equation x = Acos[?nt + (I)j, then we get:
Amplitude, A=2

Phase angle, ¢= g =30°

Angular velocity, o= Z?E =1rad /sec.

The motion of the particle can be plotted as
shown in the following figure.

w= | rad'ses

{ Pir=0

(c) x= BSin[Znt + gj

=-3cos 27tt+E +E =-3cos 27rt+3—7T
4) 2 4

If this equation is compared with the standard
2

SHM equation x = ACOS(%IZ + (I)j, then we get:

Amplitude, A = 3 cm

Phase angle, ¢ = 37: =135°

Angular velocity, o= 2—; =3rad / sec.

The motion of the particle can be plotted as
shown in the following figure.

47
m=2 radisec
Toem
- ] -

imfa
P(1=10)

ol

(d) x=2cosmt

If this equation is compared with the standard

2
SHM equation x = ACOS(%t + (I)), then we get:

Amplitude, 4 = 2 cm
Phase angle, ¢=0

Angular velocity, ® = mwrad/s

The motion of the particle can be plotted as
shown in the following figure.
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s
P =0)

8] X

2cm

=21 radfsec.

¥
6. Ans.(a) For the one block system:

When a force F, is applied to the free end of the
spring, an extensionl, is produced. For the
maximum extension, it can be written as:

F=kl
Where, k is the spring constant

Hence, the maximum extension produced in the
spring I—F
"k

For the two block system:
The displacement (x) produced in this case is:

x==
2

Net force, F = +2 kx Zk%

I=—
k

(b) For the one block system:

For mass (m) of the block, force is written as:

2
F=ma= m—)z(
Where, x is the displacement of the block in time ¢
dZ
dt

=—kx

Itis negative because the direction of elastic force
is opposite to the direction of displacement.

pr (o
=— — [x=—0x
dt m
Where, o =—

o is angular frequency of the oscillation

~ Time period of the oscillation, T = 2—n
0}

(‘2 (

For the two block system:

2
F= md_
dr?

2
mﬂ =-2kr
dr?

Itis negative because the direction of elastic force
is opposite to the direction of displacement.

d*x [Zk} 5
— =] — |X=—0'X

dr? m

Where,

Angular frequency, o= Z—k
m

~ Time period, T = 2_7: =27 /ﬂ
o 2k

Ans. Area of cross-section of the U-tube = 4
Density of the mercury column = p
Acceleration due to gravity = g

Restoring force, F= Weight of the mercury
column of a certain height

F = -(Volume x Density x g)

F=—(Ax2hx pxg)=-2pgh

= -k x Displacement in one of the arms (h)
Where,

2h is the height of the mercury column in the two
arms

kis a constant, given by k= —% =24pg

Time period, T = ZTc\/E =271 m
k 24pg

Where,

m is the mass of the mercury column

Let I be the length of the total mercury in the U-
tube.

Mass of mercury,m= Volume of mercury

x Density of mercury

=Alp

T=2x m =27 i
24pg 29
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~ Hence, the mercury column executes simple
harmonic motion with time period

2n i
\]29

Ans. Volume of the air chamber =V
Area of cross-section of the neck = a

Mass of the ball = m

Assertion Reason Answer:

1.

2.

(a) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(d) If the assertion and reason both are false.

Case Study Questions-

1. A motion that repeats itself at regular intervals of
The pressure inside the chamber is equal to the time is called periodic motion. Very often, the
atmospheric pressure. body undergoing periodic motion has an
Let the ball be depressed by x units. As a result of equilibrium position somewhere inside its path.
this depression, there would be a decrease in the When the body is at this position no net external
volume and an increase in the pressure inside the force acts on it. Therefore, if it is left there at rest,
chamber. it remains there forever. If the body is given a
Decrease in the volume of the air chamber small displacement from the position, a force
AV = ax comes into play which tries to bring the body
) periodic motion need not be oscillatory. Circular
) . Change involume . . - . N
Volumetric strain Oricinal vol motion is a periodic motion, but it is not
rignatvotume oscillatory. The smallest interval of time after
AV ax which the motion is repeated is called its period.
= —_— = .
Vv Vv Let us denote the period by the symbol T. Its SI
unit is second. The reciprocal of T gives the
) Stress —p . o
Bulk Modulus of air Bzﬁ V o number of repetitions that occur per unit time.
I This quantity is called the frequency of the
] ) ) . periodic motion. It is represented by the symbol
In thlS. case., str.ess.ls the increase in pres.sure. The n. The waves, Heinrich Rudolph Hertz (1857-
ne?gatlve sign 1n.d1cates that pressure increases 1894), a special name has been given to the unit
with a decrease in volume. of frequency. It is called hertz (abbreviated as
_ —Bax Hz). Answer the following. a)
% i.  Every oscillatory motion is periodic motion
The restoring force acting on the ball, F=p xa true or false?
—Bax a. True
-a
%4 b. False
—Ba*x ii.  Circular motion is
|4 a. Oscillatory motion
In simple harmonic motion, the equation for b. Periodic motion
restoring force is: c.  Rotational motion
F=-kx - (1) d. None of these
Where, k is the spring constant iii. Define period. Give its SI unit and
Comparing equations (i) and (ii), we get: dimensions
Ba* iv. Define frequency of periodic motion. How it
Ty is related to time period
- v.  Whatis oscillatory motion
Time period, T :2753’% 2. When a system (such as a simple pendulum or a
block attached to a spring) is displaced from its
—2n Vm equilibrium position and released, it oscillates
2
Ba with its natural frequency w, and the oscillations
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are called free oscillations. All free oscillations
eventually die out because of the ever present
damping forces. However, an external agency can
maintain these oscillations. These are called
forced or driven oscillations. We consider the
case when the external force is itself fact of forced
periodic oscillations is that the system oscillates
not with its natural frequency w, but at familiar
example of forced oscillation is when a child in a
garden swing periodically presses his feet against
the ground (or someone else periodically gives
the child a push) to maintain the oscillations. The
maximum possible amplitude for a given driving
frequency is governed by the driving frequency
and the damping, and is never infinity. The
phenomenon of increase in amplitude when the
driving force is close to the natural frequency of
the oscillator is experience with swings is a good
example of resonance. You might have realized
that the skill in swinging to greater heights lies in
the synchronization of the rhythm of pushing
against the ground with the natural frequency of
the swing.

i.  When a system oscillates with its natural

frequency w, and the oscillations are called

a. Free oscillations
b. Forced oscillations

ii. All free oscillations eventually die out
because of

a. Damping force
b. electromagnetic force
c. None of these

iii. Whatis free oscillation?

iv.  What s forced oscillations?

v. Whatis resonance?

Case Study Answer-

il.

iil.

iv.

(b) Periodic motion

The smallest interval of time after which the
motion is repeated is called its period. Its SI
unit is second and dimensions are [T1].

Reciprocal of Time period (T) gives the
number of repetitions that occur per unit
time. This quantity is called the frequency of
the periodic motion. It is represented by the
symbol n. The relation between n and T is n
= 1/T i.e. they are inversely proportional to
each other. The unit of n is thus s-1 or hertz.

Oscillatory motion is type of periodic
motion in which body performs periodic to
and fro motion about some mean position.
Every oscillatory motion is periodic, but
every periodic motion need not be
oscillatory.

Answer

I.

il.

iil.

iv.

(a) Free oscillations

(b) Damping force

When a system (such as a simple pendulum
or a block attached to a spring) is displaced
from its equilibrium position and released,

it oscillates with its natural frequency w, and
the oscillations are called free oscillations.

Forced oscillations are oscillations where
external force drives the oscillations with
frequency given by external force.

The phenomenon of increase in amplitude
when the driving force is close to encounter
phenomena which involve resonance. Your
experience with swings is a good example of
resonance. You might have realized that the
skill in swinging to greater heights lies in the
synchronization of the rhythm of pushing
against the ground with the natural
frequency of the swing.

Answer
0’0 0’0
i.  (a) True ¢ .
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Waves

Introduction

In this chapter we will see the importance of waves in our life.

We will also study about the different properties of waves, some
terms related to waves and also about different types of waves.We
will also learn how waves propagate.

For example: -

1. Medium required by the waves to travel from one point to
another:-

e Consider a boy holding a thread and one end of thread is tied to the wall.
) When a boy moves the thread, the thread moves in the form of a wave.
e  Similarly a boat sailing over the sea,the boat is able to move because of waves.
e  Theripples formed in a lake when we drop a stone in the lake.They are also waves.
e  Earthquakes are caused due to the waves under the surface of the earth.
e  The strings of the guitar when we play them are also waves again.
e  Music system which we use to hear songs.This is due to sound waves.
e  When 2 people talk they are able to hear each other because of the sound waves.
In the below Picture we can see waves need a medium to propagate.
2. Medium not required by some type of waves to move from one point to another:-
e TV remote waves play important part.
o Satelliteshelp ustouseTV, mobile phones, music system, the sun, the traffic lights, microwave x-rays.

Some type of waves can propagate from one point to another without any medium.

-

e Te
V=0
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3.  Waves which are related to matter:-

) There are some set of waves which are inside the matter.
e  For example: - whole of universe.

Waves propagating inside the matter

What is a wave?

A wave is s disturbance that propagates through spaceand time,usually with
transference of energy.

For example: -
o Consider the sound of the horn; this sound reaches our ear because of sound waves.
e  There is transfer of energy from one point to another with the help of particles in the medium.

e  These particles don’t move they just move around their mean position,but the energy is getting transferred
from one particle to another and it keeps on transferring till it reaches the destination.

e  The movement of a particle is initiated by the disturbance.And this disturbance is transferred from one point
to another through space and time.

Note:- Energy and not the matter is transferred from one point to another.

1.  When a source of energy causes vibration to travel through the medium a wave is created.

Particles of the medium through which wave

travels Ear
T e

@ [F5r s e
: %..@r, PR N eE 35.:-,.
Sourca l:nF -:un WaNE

Types of Waves
1. Mechanical waves
2.  Electromagnetic waves

3. Matter waves

Mechanical Waves:
1. The mechanical waves are governed by all the Newton'’s laws of motion.
2. Medium is needed for propagation of the wave.

For Example: Water Waves, Sound Waves

Water waves: They are mechanical waves for which a medium is required to propagate.

wavephase tiTe 1575

wave phase - tiTe 2290
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Sound waves: A guitar or music system. Sound waves need a medium to propagate.They
cannot travel in vacuum.

Electromagnetic Waves:
o  Electromagnetic waves are related to electric and magnetic fields.

o An electromagnetic wave, does not need a medium to propagate, it carries no
mass,does carry energy.

Examples: Satellite system, mobile phones,radio, music player, x-rays and
microwave.

Matter waves:-
e  Waves related to matter. Matter consists of small particles.

° Matter waves are associated with moving electrons,protons,neutrons & other fundamental particlesetc.

e Itisan abstract concept.

Examples:- pencil, sun, moon, earth, ball, atoms.

= - “
_— -
,—/"_ — r
€ =

e x

Transverse Waves

e The transverse waves are those in which direction of disturbance or displacement in the medium is
perpendicular to that of the propagation of wave.

e  The direction in which a wave propagates is perpendicular to the direction of disturbance.

Crest

trough

— Wavelength —

Transverse Wave
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For example:-

¢  Consider a manholding one end of a thread and other end y
of the threadis fixed to wall.

e  When a little jerk is given to the thread in the upward
direction.The entire thread moves in a wavy manner.

e  Thejerk propagated along the entire length of the thread.

. The small disturbance which came from the source at one

end, that disturbance getting propagatedand that is

known as direction of propagation. ",Z

NN TN |
=

e Disturbance is vertically upward and wave is

4
horizontal.They are perpendicular to each other. |\ ‘ \\ \\ \ \\\

e  This type of wave is known as transverse wave.

A single pulse is sent along a stretchedstring. A typical element of the string (suchas that marked with a dot) moves
up andthen down as the pulse passes through.

The element’s motion is perpendicular to thedirection in which the wave travels.

How are transverse waves caused?

e  When we pull a thread in upward direction the formation y

and propagation of the waves are possible because entire

thread is under tension. Sinusodial wave

v
e  This tension is the small disturbance which is given at one —‘—O
end and it gets transferred to its neighbouring molecules. . /\/\ — "
v

o This will keep on continuing.So this small pulse will get
propagated along the length of the thread.

e  The movement of the particles is perpendicular to the
propagation of the wave and the wave will propagate

horizontally.

It is a transverse wave

A sinusoidal wave is sent along the string.A typical element of the string moves up and down continuously as the
wave passes.

Transverse Wave

Thread

f\Givenjerk at one end

//\ lerk propogates

/\ T Jerk keep on moving and

causing other sections

/-\ to move up
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Conclusion:-

1. Transverse waves are those waves which propagates perpendicular to the direction of the disturbance.

2. Direction of disturbance is the direction of motion of particles of the medium.

Transverse Wave

Wave propogates —— =

s — 2 N Movement
of particle

: Particle

Particles are moving up
and down around their
mean position.

Longitudinal Waves

Longitudinal Wave

Wavelengrn
 __ o m—g - S
Compression Rarefaction Movement

e  Longitudinal means something related to length.

e Inlongitudinal waves direction of disturbance or displacement in the medium is along the propagation of the

wave.
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e  For example: - Sound waves. Particles and wave moving along the horizontal direction. So both are in the

same direction.

e InaLongitudinal wave there are regions where particles are very close to each other.These regions are known
as compressions.

e Insome regions the particles are far apart.Those regions are known as rarefactions.

Differentiate between transverse and longitudinal waves
Transverse ‘ Longitudinal ‘

Constituents of the medium oscillate perpendicular | Constituents of the medium oscillate parallel to the
to the direction of the wave propagation. direction of wave propagation.

Displacement in a progressive wave

e  Amplitude and phase together describe the complete displacement of the wave.

e Displacement function is a periodic in space and time.

e Displacement of the particles in a medium takes place along the y-axis.

e  Generally displacement is denoted as a function of X and T, but here it is denoted by y.

e Incase of transverse wave displacement is given as:

o  y(xt) where x=propagation of the wave along x-axis, and particles oscillates along y-axis.

e  Therefore y(x,t)= A sin(kx — wt + ¢).This is the expression for displacement.

e  This expression is same as displacement equation which is used in oscillatory motion.

e  As cosine function;y(x,t)= B cos(kx - wt + ¢),As both sine and cosine function)y (x, t) = A sin (kx - wt + @) +
B cos(kx - wt + @)

Mathematically:

e  Wave travelling along +X-axis: y(x, t) = a sin (kx - wt + ¢).

e  Consider y=asin(kx - wt + ¢)=>y/a=sin(kx - wt + @)

e sin-1(y/a) = kx-wt =>kx=sin-1(y/a) +wt

e x=(1/k)sin-1(y/a)+ (wt/k)

e  Wave travelling along -X-axis: x=(1/k)sin-1(y/a)-(wt/k)(only change in the sign of wt)

Conclusion:-

e Astime tincreases the value of x increases. This implies the x moves along x-axis.

e  Astime t decreases the value of x decrease. This implies the x moves along (-)ive x-axis.

Amplitude and Phase of a wave

e  Amplitude and phase together describes the position of the particle.
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e  Amplitude is the maximum displacement of the elements of the medium from their equilibrium positions as
wave passes through them.

e Itisdenoted by A.

In case of transverse wave,

e The distance between the point P and Q (in the Figure) is maximum displacement. This maximum
displacement of the particles is known as amplitude.

Particles moving along y-
axis

YWave propogating |::>

Jf P }

‘ Maximum Displacement
|

In case of longitudinal wave,
e There are regions of compressions (particles are closely packed) and rarefactions (particles are far apart).
e In compressions density of the wave medium is highest and in rarefactions density of the wave is lowest.

e  Consider when the particle is at rarefaction, in that region as particle gets more space as a result the particles
oscillates to the maximum displacement.

e  Whereas in compressed region the particles oscillates very less as the space is not very much.

e  The peak or the maximum amplitude is the centre of two compressed regions. Because at the center of the
two compressed region the particle is most free to displace to maximum displaced position.

Conclusion:-

e In case of longitudinal wave the particles will not oscillate to a very large distance. This displacement won'’t
represent the amplitude as it is not maximum possible displacement.

Amplitude is represented basically by the centre of the rarefaction region where the particle is most free to
oscillate to its maximum displacement.

Maximum Displacement
Rarefaction region

7 amplitude

—Wavelength—

At PointP Zero Displacement
Compression region

Phase

Phase of a wave describes the state of motion as the wave sweeps through an element at a particular position.
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In-phase- Two points are said to be in-phase with each other when these
two points are at the same position and they both are doing the same thing
i.e. both the two points are exhibiting the same behaviour.

Points C and F are in phase with each other.

Out-of-phase -

Two points are said to be out of phase even though they are at the same
points but they are doing opposite thing i.e. both the points are
exhibiting the different behaviour.

Out of phase means which is not in phase.
Points B and D,E and G are out of phase by 1800

Two waves can be completely in-phase or out of phase with each other. They can be partially in phase or out
of phase with each other.

Observations made from the figure (1).

Figure(1)

H
iz F E |
v~ /D A
i Ll
\ _,.v'|amp|itudé-, ? ) V\B

L
«—wavelength—»

Consider two points A and B on a wave. Their positions as well as their behaviour are same. Therefore points
A and B are in phase.

Consider points A and C on a wave. They are not in phase with each other as their position is not same.

Similarly the points C and D are not in phase with each other as their positions are same but the behaviour is
different. Therefore they are not in phase with each other.

Consider the points F and G their positions are same but the behaviour is totally opposite. So F and G are out
of phase.

Consider the points F and H; they are in phase with each other as their position is same as well as their
behaviour.

Wave Number

Wave number describes the number of wavelengths per unit distance.

Denoted by ‘k’.

y(x,t)= a sin(kx - wt + ) assuming ¢@=0.

At initial time t=0:-

o y(x,0)=asin kx (i)
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o When x=x+A then y(x+2,0)=a sink(x+2A) (ii)
o When x=x+2A then y(x+2A,0)=a sink(x+22)

Value of y is equal at all points because all the points’ A, 2A are in phase with each other. Therefore,
From(i) and (ii) asin kx= a sink(x+A) =asin(kx+k 1)

This is true if and only if: -k A =2 1tin, where n=1, 2, 3...

k=(2 mn)/ A. This is the expression for wave number.

k is also known as propagation constant because it tells about the propagation of the wave.

Wave number is an indirect way of describing the propagation of wave.

Travelling Waves

e  Travelling waves are those waves which travel from one medium to another.

e  They are also known as progressive wave. Because they progress from one point to another.
e  Bothlongitudinal and transverse waves can be travelling wave.

e  Wave as a whole moves along one direction.
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Standing (Stationary) Waves

. A stationary wave is a wave which is not moving, i.e. it is at rest.

e  When two waves with the same frequency, wavelength and amplitude \/ \/ \/ \/ \/

travelling in opposite directions will interfere they produce a standing

Y0 ) iy TNANNAN
VA,

Conditions to have a standing wave:- Two travelling waves can produce I\/ \/ \/

a standing wave, if the waves are moving in opposite directions and they
have the same amplitude and frequency.

e At certain instances when the peaks of both the waves will overlap.
Then both the peaks will add up to form the resultant wave.

e At certain instances when the peak of the one wave combine with the
negative of the second wave .Then the net amplitude will become 0.

e  Asaresult a standing wave is produced. In case of stationary wave the

wave form does not move.

Explanation:-

e  Consider Its wave in the figure and suppose we have a rigid wall which does not move. When an incident
wave hits the rigid wall it reflects back with a phase difference of .

. Consider IInd wave in the figure, when the reflected wave travels towards the left there is another incident
wave which is coming towards right.

e  Theincident wave is continuously coming come from left to right and the reflected wave will keep continuing
from right to left.

@ www.stepupacademy.ind.in o @stepupacademyindia €) @stepupacademyindia r@ @stepupacademy_



308 Step Up Academy @

e  Atsome instant of time there will be two waves one going towards right and one going towards left as a result

these two waves will overlap and form a standing wave.

Mathematically:
e  Wave travelling towards left yl(x,t) =a sin(kx- wt) and towards right yr(x,t) =a sin (kx + wt)
e  The principle of superposition gives, for the combined wave
o  y(x1t)=yl(x t) +yr(x t)=asin (kx - wt) + a sin (kx + wt)
e y(xt)=(2a sin kx) cos wt (By calculating and simplifying)
e The above equation represents the standing wave expression.
e  Amplitude = 2a sin kx.
o  The amplitude is dependent on the position of the particle.

o  The cos wt represents the time dependent variation or the phase of the standing wave.

Difference between the travelling wave and stationary wave

Waveform moves. Movement of the waveform is ,
Waveform doesn’t move.

always indicated by the movement of the peaks of

Peaks don’t move.
the wave.

Wave amplitude is same for all the elements in the | Wave amplitude is different for different elements.

medium. Denoted by ‘A’. Denoted by asinkx.

Amplitude is not dependent on the position of the | Amplitude is dependent on the position of the elements
elements of the medium. of the medium.

y(x,t)=asin(kx- wt + ¢ ) y(x,t)=2asin(kx)cos(wt)

Nodes and Antinodes: system closed at both ends
e  System closed at both ends means both the ends are rigid boundaries.

e  Whenever there is rigid body there is no displacement at the boundary. This implies at boundary amplitude
is always 0. Nodes are formed at boundary.

e  Standing waves on a string of length L fixed at both ends have restricted wavelength.
e  This means wave will vibrate for certain specific values of wavelength.

. At both ends, nodes will be formed.=>Amplitude=0.

e  Expression for node x =(nA)/2.This value is true when x is 0 and L.

e  When x=L:- L=(nA)/2 =>A=(2L)/n; n=1,2,3,4,.....

e ) cannot take any value but it can take values which satisfy A=(2L)/n this expression.

e That is why we can say that the standing wave on a string which is tied on both ends has the restricted
wavelength.

o Aswavelength is restricted therefore wavenumber is also restricted.

e v=v/A(relation between wavelength and frequency)
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e  Corresponding frequencies which a standing wave can have is given as: -v= (vn)/2Lwhere v= speed of the

travelling wave.

e  These frequencies are known as natural frequency or modes of oscillations.

Modes of Oscillations:-
e v=(vn)/2L where v=speed of the travelling wave, L=length of the string, n=any natural number.
e  First Harmonic:-
o  Forn=1, mode of oscillation is known as Fundamental mode.
o  Therefore vl=v/(2L). This is the lowest possible value of frequency.
o  Therefore vlis the lowest possible mode of the frequency.
o  2nodes at the ends and 1 antinode.
e Second Harmonic:-
o Forn=2,v2=(2v)/ (2L) =v/L
o  This is second harmonic mode of oscillation.
o 3 nodes at the ends and 2 antinodes.
e  Third Harmonic:-
o  Forn=3,v3 =(3v)/ (2L).
o  This is third harmonic mode of oscillation.
o 4 nodes and 3 antinodes.

Problem:- Find the frequency of note emitted (fundamental note) by a string 1m long and stretched by a load of
20 kg, if this string weighs 4.9 g. Given, g = 980 cm s-27?

Answer:-

L=100cm T =20 kg =20 x 1000 x 980 dyne

m=4.9/100 = 0.049 g cm-1

Now the frequency of fundamental note produced,

v=(1/2L) V (T/m)

v =1/ (2x100) v(20x1000x980)/(0.049)

=100Hz
Problem:- A pipe 20 cm long is closed at one end, which harmonic mode of the pipe is resonantly excited by a 430
Hz source? Will this same source can be in resonance with the pipe, if both ends are open? Speed of sound = 340ms-
1?
Answer:-

The frequency of nth mode of vibration of a pipe closed at one end is given by

vn=(2n 1)v/4L

v=340ms-1; L=20cm=0.2m;vn=430Hz.

Therefore 430= ((2n-1) x 340)/ (4x0.2)

=>n=1

Therefore, first mode of vibration of the pipe is excited, for open pipe since n must be an integer, the same

source cannot be in resonance with the pipe with both ends open.
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Stationary waves in a stretched string fixed at both ends. Various modes of vibration are shown.

Beats

Beats is the phenomenon caused by two sound waves of nearly same frequencies and amplitudes travelling in the

same direction.
For example:-

e Tuning of musical instruments like piano, harmonium etc. Before we start playing on these musical
instruments they are set against the standard frequency. If it is not set a striking noise will keep on coming
till it is set.

Mathematically
e  Consider only the time dependent and not the position dependent part of the wave.

. sl=a cos w1t and s2=a cos w2t; where amplitude and phase of the waves are same, but the frequencies are

varying. Also considering w1> w2.

e  When these 2 waves superimpose s= s1+ s2=a[cos w1t + cos
w2t]

e By simplifying, 2a (cos(w1l - w2)/2)t cos(wl + w2)/2)t)
e =>wl-w2isverysmallaswl>w2.Let (wl - w2)=wb

o =>wl+w2isverylarge. Let (w1l + w2 )=wa

e  s=2acos wbtcos wat

e  coswat will vary rapidly with time and 2acoswbt will change

slowly with time.

e  Therefore we can say 2acoswbt = constant. As a result

2acoswbt = amplitude as it has small angular variation.
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Beats

Beat Frequency

Beat frequency can be defined as the difference in the frequencies of two waves.

Consider if there is a wave of frequency w1 and another wave of frequency w2.Then the beat frequency will
be wl- w2.

It is denoted by w
Also w = 2mv

Therefore v beat = vl - v2
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Problem:- Two sitar strings A and B playing the note ‘Dha’ are slightly out of tune and produce beats of frequency

5 Hz. The tension of the string B is slightly increased and the beat frequency is found to decrease to 3 Hz. What is

the original frequency of B if the frequency of A is 427 Hz?

Answer:- Increase in the tension of a string increases its frequency. If the original frequency of B (vB) were greater

than that of A (vA), furtherincrease in vB should have resulted in an increase in the beat frequency. But the beat
frequency is found to decrease. This shows thatvB< vA. Since vA - vB = 5 Hz, and vA = 427 Hz, weget vB = 422 Hz.

Doppler’s Effect

Doppler Effect is the phenomenon of motion-related frequency change.

Consider if a truck is coming from very far off location as it approaches near our house, the sound increases
and when it passes our house the sound will be maximum. And when it goes away from our house sound
decreases.

This effect is known as Doppler Effect.

A person who is observing is known as Observer and object from where the sound wave is getting generated
it is known as Source.

When the observer and source come nearer to each other as a result waves get compressed. Therefore
wavelength decreases and frequency increases.

Case 1:- stationary observer and moving source
Let the source is located at a distance L from the observer.

At any time t1, the source is at position P1.
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¢  Time taken by the wave to reach observer =L/v where v=speed Source
Ohserver
vi W3 —

e  After some time source moves to position PO in time TO. O O3 =

of the sound wave.

e Distance between P1 and PO =vsTo where vs is the velocity of
the source.

e Let t2be the time taken by the second wave to reach the
observer

o  Total time taken by the for the second wave to be sent to
the observer = To +( L+vsTo) /v

o  Total time taken by the for the third wave to be sent to the

i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
observer=2To +( L+2vsTo)/v |
s e
volo | wsTo |

o  =>Intime tn+1the observer captures n waves. '

o  Therefore for nth point tn+1 =nTo +( L+nvsTo) /v

e  Total time taken by the waves to travel Time period T= (tn+1 - t1)/n

e =To +(vsTo)/v=>T=To(1+vs/v)

e Orv=1/T

o =>v=v0(l+vs/v)-1

e By using binomial Theorem, v=v0 (1- vs/v)

e Ifthe source is moving towards the observer the expression will become v=v0 (1+ vs/v)
e  (Case 2:- moving observer and stationary source

e  Asthe source is not moving therefore vs is replaced by -vO0.

e  Therefore v=v0 (1+ v0/v)

The observer O and the source S, both moving respectively with velocities vO and vs . They are at position 01 and
P1 at time t = 0, when the source emits the first crest of a sound, whose velocity is v with respect to the medium.
After one period, t = TO, they have moved to 02 and P2,respectively through distances v0 TO and vs TO, when the
source emits the next crest.

Problem:- A metre-long tube opens at one end, with a movable piston at the other

Hz) when the tube length is 25.5 cm or 79.3 cm. Estimate the speed of sound in air

end, shows resonance with a fixed frequency source (a tuning fork of frequency 340 A 1 '
at the temperature of the experiment. The edge effects may be neglected. i

Answer:-

Frequency of the turning fork, v =340 Hz [

Since the given pipe is attached with a piston at one end, it will behave as a pipe \

with one end closed and the other end open, as shown in the given figure. Y '-,l.: Y
4

Such a system produces odd harmonics. The fundamental note in a closed pipe is
given by the relation

11=A/4 Where,

Length of the pipe,]1=25.5cm=0.255m
Therefore, A=411 =4x0.255 = 1.02m

The speed of sound is given by the relation:

v=vA =340x1.02 =346.8m/s
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Class : 11th Physics
Chapter- 15 : Waves

Beats
Difference in
frequencies of
two superposing
~waves,
V=Y Displacement relation in a
beat 2 plane progressive wave

y(x, f) = A sin (<kx + t)(o.
y(x,t)=Asin27r(%—Tx)

Velocity amplitude v,=Aw*
Acceleration Amplitude a, = Aw?

Principle of superposition of
waves
When two or more waves are
propagating with different
displacements then the net
displacement of collective wave
isgivenasY =y, +y, + yy+..ty,
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Important Questions

Multiple Choice Questions-

1y

2)

3)

4)

5)

6)

7)

Which of the following are mechanical waves
a) Water waves

b) Sound waves

c) Seismic waves

d) All

Which of the following are electromagnetic
waves

a) Light

b) Radio waves

c) Xrays

d) All

Electromagnetic waves

a) Requires material medium for their
propagation

b) Do not require material medium for their

propagation
c) Bothaandb
d) None

_____waves can travel through vacuum.
a) Sound waves

b) Light waves

c) Radio waves

d) Bothband c

The speed of electromagnetic waves is
a) 299,792,458 m/s

b) 299, 792, 458 km/s

c) 299,792,458 cm/s

d) None

Pressure is given by

a) F/m

b) F/V

c)F/A

d) FA

Sound waves are the

a) Transverse waves

b) Longitudinal waves

c)Bothaandb

d) None

8)

9)

10)

11)

12)

13)

14)

Which of the following are progressive waves
a) Transverse waves

b) Longitudinal waves

c)Bothaandb

d) None

In case of transvers waves, the direction of
motion of particles is

a) Parallel to the direction of propagation

b) Perpendicular to the direction of propagation
c) Normal to the direction of propagation

d) Bothband c

In case of longitudinal waves, the direction of
motion of particles is

a) Parallel to direction of propagation

b) Perpendicular to direction of propagation
c) Normal to direction of propagation

d) None

The waves in an ocean are the combination of
a) Longitudinal waves

b) Transverse waves

c)Bothaandb

d) None

The maximum displacement of the particle of the
wave from its mean or equilibrium position is
called as

a) Phase

b) Epoch

c) Distance

d) Amplitude

The minimum distance between two points
having the same phase is called as

a) Frequency of the wave

b) Amplitude

c) Wavelength of the wave

d) None

K = 2n/ wavelength, then k is called as
a) Wave number

b) Propagation constant

c) Force constant

d) Bothaandb
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15) The SI unit of propagation constant is given by
a) rad/m
b) rad
c) m/rad
d) rad m

Assertion Reason Questions:
1. Directions:

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the
assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(c) Ifassertion is true but reason is false.

(d) Ifthe assertion and reason both are false

Assertion: Sine and cosine functions are periodic
functions.

Reason: Sinusoidal functions repeats it values
after a definite interval of time.

Directions:

(a) Ifbothassertion and reason are true and the
reason is the correct explanation of the
assertion.

(b) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(c) Ifassertion is true but reason is false.
(d) Ifthe assertion and reason both are false

Assertion: Simple harmonic motion is a uniform
motion.

Reason: Simple harmonic motion is not the
projection of uniform circular motion.

Answer Key

MCQ Answers-
1. Ans:d)all
2. Ans:d)all

3. Ans: b) do not require material medium for their
propagation

Ans: d) bothbandc

Ans: a) 299,792,458 m/s

Ans: c) F/A

Ans: b) longitudinal waves

Ans: c) bothaand b

Ans: d) both b and c

O ® N o ok

10. Ans: a) parallel to direction of propagation
11. Ans:c)bothaandb

12. Ans: d) amplitude

13. Ans: c) wavelength of the wave

14. Ans:d)bothaandb

15. Ans:a)rad/m

Very Short Questions-

1. How is the time period effected, if the amplitude
of a simple pendulum is in Creased?

10.

Define force constant of a spring.

At what distance from the mean position, is the
kinetic energy in simple harmonic oscillator
equal to potential energy?

How is the frequency of oscillation related with
the frequency of change in the of K. E and PE of
the body in S.H.M.?

What is the frequency of total energy of a particle
in S.HM.?

How is the length of seconds pendulum related
with acceleration due gravity of any planet?

If the bob of a simple pendulum is made to
oscillate in some fluid of density greater than the
density of air (density of the bob density of the
fluid), then time period of the pendulum
increased or decrease.

How is the time period of the pendulum effected
when pendulum is taken to hills Or in mines?
Define angular frequency. Give its S.I. unit.

Does the direction of acceleration at various

points during the oscillation of a simple
pendulum remain towards mean position?
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Very Short Answers-

1.

10.

Ans. No effect on time period when amplitude of
pendulum is increased or decreased.

Ans. The spring constant of a spring is the change
in the force it exerts, divided by the change in
deflection of the spring.

Ans. Not at the mid-point, between mean and
extreme position. it will be at x = a\/i.

Ans. P.E. or KE. completes two vibrations in a
time during which S.H.M completes one vibration

or the frequency of P.E. or K.E. is double than that
of S.H.M

Ans. The frequency of total energy of particle is

S.H.M is zero because it retain constant.

Ans. Length of the seconds

proportional to acceleration due to gravity)

pendulum

Ans. Increased

Tai

N

Ans. As T will increase.

Ans. It is the angle covered per unit time or it is
the quantity obtained by multiplying frequency
by a factor of 2n.®= 2m v, S.I. unit is rads s’

Ans. No, the resultant of Tension in the string and
weight of bob is not always towards the mean
position.

Short Questions-

1.

A mass = m suspend separately from two springs
of spring constant kiand k2 gives time period
tiand tzrespectively. If the same mass is
connected to both the springs as shown in figure.
Calculate the time period ‘t" of the combined
system?

.lff; A
&

- =
|r i

T
[}

= e
[ i

b K

. o L

Show that the total energy of a body executing
SHN is independent of time?

A particles moves such that its acceleration ‘a’ is
given by a = -b x where x = displacement from

4,

equilibrium position and b is a constant. Find the
period of oscillation? 2
SHN. is
displacement function:

A particle is described by the

XZACOS(Wt-i-(D);W:Z—’;t

If the initial (t = 0) position of the particle is 1 cm
and its initial velocity is m cm | s, What are its
amplitude and phase angle?

Determine the time period of a simple pendulum
of length = 1 when mass of bob =m Kg? 3

Which of the following examples represent
periodic motion?

(a) A swimmer completing one (return) trip
from one bank of a river to the other and
back.

(b) A freely suspended bar magnet displaced
from its N-S direction and released.

(c) A hydrogen molecule rotating about its
center of mass.

(d) Anarrow released from a bow.

Figure 14.27 depicts four x-t plots for linear
motion of a particle. Which of the plots represent
periodic motion? What is the period of motion (in
case of periodic motion)?

(a

oz

AN
e

X

el

(L)

= s}

Tty
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10.

(d)

4 /\ /\ = i(5)
-.;\/-z Mo I\/z 3,

Which of the following relationships between the
accelerationaand the displacementxof a

particle involve simple harmonic motion?

(@)a=0.7x

3
(b)a=-200-"
()a=-10x

(d) a =100 x’

The acceleration due to gravity on the surface of
moon is 1.7ms-2. What is the time period of a
simple pendulum on the surface of moon if its
time period on the surface of earth is 3.5 s? (g on
the surface of earth is 9.8 ms-2)

A simple pendulum of length I and having a bob
of mass M is suspended in a car. The car is moving
on a circular track of radius Rwith a uniform
speed v. If the pendulum makes small oscillations
in a radial direction about its equilibrium
position, what will be its time period?

Short Answers-

1.

Ans. If T = Time Period of simple pendulum
m = Mass

k = Spring constant

T=2m |7
k
then,
2
or k= 47;2”1
2
—k, = 4“2m1et T=t,
t
For first spring:
4m°m
-k, = ") letT=t¢,

2
For second spring:

When springs is connected in parallel, effective
spring constant, k=k =ki + ke

4Am°m N 4*m

or k=
ty ot

If t = total time period

4’m _ 417°m N 47°m

2 2 2
t t: ts
1 1.1
t? 2t
or t2 =t +t,°

]

Ans. Lety = displacement at any time't
a = amplitude

w = Angular frequency

v = velocity,
y=aSinwt
v:d—y:i (a sin wt)
dt dt
So, V=aw cos wt

Now, kinetic energy = K. E. :%mv2

KE.= %mwza2 cos’wt —1)

Potential energy = %Ig/z

P.E. :%k’a2 sinwt —2)

Adding equation 1) & 2)
Total energy = K.E. + P.E.

= 1mwza2 cos? wt + 1ka2 sin®wt
2 2
Since W=\/E3W2m=k2
m
Total energy = %mwza2 cos wt +%ka2 sin® wt
= 1ka2 cos? wt + 1ka2 sin® wt
2 2
1 2 2 s .2
= Eka (cos” wt +sin” wt)

1
Total energy = Eka
Thus total mechanical energy is always constant
1
is equal to Eka2 . The total energy is independent

to time. The potential energy oscillates with time
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2
and has a maximum value of k% . Similarly, K. E.

oscillates with time and has a maximum value of
2 2

% . At any instant = constant = k% .The K. E or

P.E. oscillates at double the frequency of S.H.M.

Ans. Given that a =-b x, Since a « xand is directed

apposite to x, the particle do movesin S. H. M.

a = b x (in magnitude)

x 1
or —=—
a b
or Displacement _1 1)

Accleration b

Time period = T=2x w
\) Accleration

Using equation 1)

T=ZTc\/i
b

Ans. Att=0;x=1cm;w=mn/s

t=Time

x = Position

w = Argular frequency
x=Acos(Wt+¢)

1=Acos(nx0+¢)

1=Acos¢

dx d
Now, v=—=—/(Acos(wt +
= g (Acos(w +4))

Att=0;v=ncm/s; w=mn/s
K =—Ax sin(nx0+¢)
= -1=Asinp—>2)
Squaring and adding 1) & 2)
A? cos® ¢+ A% sin® p=1+1
A?(cos® +sin ) =2
A?=2
A:\/Ecm
Dividing 2) by 1), we have:

Asirlcl)__1
Acosd

tan p=-1

or d=tan*(-1)

3

0=

Ans. It consist of a heavy point mass body
suspended by a weightless inextensible and
perfectly flexible string from a rigid support
which is free to oscillate.

The distance between point of suspension and
point of oscillation is effective length of
pendulum.

M = Mass of B ob
x = Displacement = OB

I = length of simple pendulum

Let the bob is displaced through a small angle 6
the forces acting on it:-

1) weight = Mg acting vertically downwards.

2) Tension = T acting upwards.

Divide Mg into its components — Mg Cos 6 & Mg
Sin ©

T=MgCos 6

F=MgSin 6

-ve sign shows force is divested towards the
ocean positions. If 6 = Small,

~0= Arc OB _X
1 |
Sin 6
F:—Mg§

In S.H.M,, vestoring fore,
X
F:—mgGF:—mg7 -1)

Also, if k = spring constant

F=-kx

/mg§ =~k X(equating F= —mg?]
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nix1
g

T:27t\/z
)

Time period depends on length of

=27

ie. 1)
pendulum and ‘g’ of place where
experiment is done.

2) T is independent of amplitude of
vibration provided and it is small and
also of the mass of bob.

Ans. (b) and (c)

(a) The swimmer"s motion is not periodic. The
motion of the swimmer between the banks
of a river is back and forth. However, it does
not have a definite period. This is because
the time taken by the swimmer during his
back and forth journey may not be the same.

(b) The motion of a freely-suspended magnet, if

displaced from its N-S direction and
released, is periodic. This is because the
magnet oscillates about its position with a

definite period of time.

(c) When a hydrogen molecule rotates about its
centre of mass, it comes to the same position
again and again after an equal interval of
time. Such motion is periodic.

(d) Anarrowreleased from a bow moves only in
the forward direction. It does not come
backward. Hence, this motion is not a
periodic.

Ans. (b) and (d) are periodic

(a) Itisnota periodic motion. This represents a

unidirectional, linear uniform motion. There
is no repetition of motion in this case.

(b) In this case, the motion of the particle
repeats itself after 2 s. Hence, it is a periodic
motion, having a period of 2 s.

(c) Itis not a periodic motion. This is because
the particle repeats the motion in one
position only. For a periodic motion, the
entire motion of the particle must be
repeated in equal intervals of time.

(d) In this case, the motion of the particle
repeats itself after 2 s. Hence, it is a periodic
motion, having a period of 2 s.

10.

Ans. (c) A motion represents simple harmonic
motion if it is governed by the force law:

F=-kx

ma = -k

Where,
F is the force
m is the mass (a constant for a body)
x is the displacement
a is the acceleration
kis a constant

Among the given equations, only equation a = -

10 x is written in the above form with K:10
m

Hence, this relation represents SHM.

Ans. Acceleration due to gravity on the surface of
moon, g’ = 1.7 ms-2

Acceleration due to gravity on the surface of
earth, g = 9.8 ms-2

Time period of a simple pendulum on earth, T =

3.5s
T:27t\/Z
g

lis the length of the pendulum

Where,

" Y
_ (3.5)° m
4x(3.14)

The length of the pendulum remains constant.

, ’ |
On moon"s surface, time period, T'=2mn |—
g

Hence, the time period of the simple pendulum
on the surface of moon is 8.4 s.

Ans. The bob of the simple pendulum will
experience the acceleration due to gravity and
the centripetal acceleration provided by the
circular motion of the car.

Acceleration due to gravity = g
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. . V2
Centripetal acceleration = =

Where,
v is the uniform speed of the car
R is the radius of the track

Effective acceleration (a, ) is given as:

Time period, T =2n L
Ayr

Where, I is the length of the pendulum

~Time period, T =2n

Long questions-

Whatis Simple pendulum? Find an expression for
the time period and frequency of a simple
pendulum?

MgSing . p
o o i_-'@ 4
Mg Mg Cos g

A particle is in linear simple harmonic motion
between two points, A and B, 10 cm apart. Take
the direction from A to B as the positive direction
and give the signs of velocity, acceleration and
force on the particle when it is

(a) atthe end A,

(b) at the end B,

(c) at the mid-point of AB going towards A,
(d) at 2 cm away from B going towards A,

(e) at 3 cm away from A going towards B, and
(f) at 4 cm away from B going towards A.

The motion of a particle executing simple
harmonic motion is described by the
displacement function,

Xx(t)=Acos (0t+o)

If the initial (t = 0) position of the particle is 1 cm

and its initial velocity is @ cm/s, what are its

amplitude and initial phase angle? The angular

frequency of the particle is 7 s-1. If instead of the
cosine function, we choose the sine function to
describe the SHM: x =B sin (ot +a), what are the

amplitude and initial phase of the particle with
the above initial conditions.

In Exercise 14.9, let us take the position of mass
when the spring is unstreched as x =0, and the
direction from left to right as the positive
direction of x-axis. Give x as a function of time t
for the oscillating mass if at the moment we start
the stopwatch (t = 0), the mass is

(a) at the mean position,

(b) at the maximum stretched position, and

(c) at the maximum compressed position.

In what way do these functions for SHM differ
from each other, in frequency, in amplitude or the
initial phase?

Plot the corresponding reference circle for each
of the following simple harmonic motions.
Indicate the initial (t = 0) position of the particle,
the radius of the circle, and the angular speed of
the rotating particle. For simplicity, the sense of
rotation may be fixed to be anticlockwise in every
case: (xisincmand tisins).

(a) x=-2sin (3t +m/3)

(b) x=cos (/6 - t)

(c) x =3 sin (2mt + /4)

(d)x=2cosmt

Figure 14.30 (a) shows a spring of force
constant k clamped rigidly at one end and a
mass m attached to its free end. A force F applied
at the free end stretches the spring. Figure 14.30
(b) shows the same spring with both ends free
and attached to a mass m at either end. Each end
of the spring in Fig. 14.30(b) is stretched by the

same force F.

k I " k H

(a) What is the maximum extension of the

spring in the two cases?

(b) If the mass in Fig. (a) and the two masses in
Fig. (b) are released, what is the period of
oscillation in each case?
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7.

One end of a U-tube containing mercury is
connected to a suction pump and the other end to
atmosphere. A small pressure difference is
maintained between the two columns. Show that,
when the suction pump is removed, the column
of mercury in the U-tube executes simple
harmonic motion.

An air chamber of volume V has a neck area of
cross section a into which a ball of mass m just
fits and can move up and down without any
friction (Fig.14.33). Show that when the ball is
pressed down a little and released, it executes
SHM. Obtain an expression for the time period of
oscillations

assuming pressure-volume

variations of air to be isothermal seeFig.14.33.

Air

Long Answers-

1.

Ans. A simple pendulum is the most common
example of the body executing S.H.M, it consist of
heavy point mass body suspended by a
weightless inextensible and perfectly flexible
string from a rigid support, which is free to
oscillate.

Let m = mass of bob
1 = length of pendulum
Let O is the equilibrium position, OP =X

Let 8 = small angle through which the bob is
displaced.

The forces acting on the bob are:-

1) The weight = M g acting vertically downwards.
2) The tension = T in string acting along Ps.
Resolving Mg into 2 components as Mg Cos 0 and
Mg Sin 6,

Now, T = Mg Cos 6

Restoring force F = - Mg Sin 0

-ve sign shows force is directed towards mean

Hence F=-mg0

F :—mg§ —3)

Now, In S.H.M, F = k x »4) k = Spring constant
Equating equation3) & 4) for F

—kxz—mg?

Spring factor =k = %

Inertia factor = Mass of bob = m

Now, Time period =T

_on Inertia factor
Spring factor

m
mg /1

T:27t\/z
g

Ans. (a) Zero, Positive, Positive

=2n

(b) Zero, Negative, Negative

(c) Negative, Zero, Zero

(d) Negative, Negative, Negative
(e) Zero, Positive, Positive

(f) Negative, Negative, Negative

Explanation:

The given situation is shown in the following
figure. Points A and B are the two end points, with
AB =10 cm. O is the midpoint of the path.

A 0 B

A particle is in linear simple harmonic motion

between the end points

(@) Atthe extreme point A, the particle is at rest
momentarily. Hence, its velocity is zero at
this point.
Its acceleration is positive as it is directed
along AO.

Force is also positive in this case as the
particle is directed rightward.

(b) Atthe extreme point B, the particle is at rest
momentarily. Hence, its velocity is zero at

position. this point.
_ Arc(op) x Its acceleration is negative as it is directed
LetG—Small,soSm6~6—T—I along B.
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Force is also negative in this case as the
particle is directed leftward.

©

2 cm
e —

A O B

The particle is executing a simple harmonic
motion. O is the mean position of the
particle. Its velocity at the mean position O
is the maximum. The value for velocity is
negative as the particle is directed leftward.
The acceleration and force of a particle
executing SHM is zero at the mean position.

(d)

2 cm
P —

A O B

The particle is moving toward point O from
the end B. This direction of motion is
opposite to the conventional positive
direction, which is from A to B. Hence, the
particle's velocity and acceleration, and the
force on it are all negative.

(e)

A D Q B

The particle is moving toward point O from
the end A. This direction of motion is from A
to B, which is the conventional positive
direction. Hence, the values for velocity,
acceleration, and force are all positive.

U]

4cm
B ———

A O E B

This case is similar to the one given in (d).

Ans. Initially, at t = 0:

Displacement, x =1 cm

Initial velocity, v = ® cm/sec.

Angular frequency, ® = mrad/s!

It is given that:
X(x)=Acos(ot + )
1=Acos(wx0+¢)=Acosd
Acosdp=1 (i)

dx
Velocity, v=—
v dt

o=—Aonsin(ot + )
1=Asin(ox0+¢)= Asind
Asing=1 (i)

Squaring and adding equations (i) and (ii), we
get:

A*(sin® g+cos® p)=1+1
A%=2
A:\/Ecm

Dividing equation (ii) by equation (i), we get:

tan p=-1

SHM is given as:
x=Bsin(ot +a)
Putting the given values in this equation, we get:
1 :Bsin[wx0+a]
Bsina=1 ...({il)
Velocity, v=wBcos(wt+a)
Substituting the given values, we get:
n=mn Bsina
Bsina=1 (V)

Squaring and adding equations (iii) and (iv), we
get:

B* [sin2 a+cos® a] =1+1
B*=2
B= \/E cm
Dividing equation (iii) by equation (iv), we get:
Bsina _1

Bcosa _I

tana=1 :tanE
4

Ans. (a) x = 2sin 20t
(b) x = 2cos 20t
(c) x=-2cos 20t

The functions have the same frequency and
amplitude, but different initial phases.
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Distance travelled by the mass sideways, A = 2.0
cm

Force constant of the spring, k= 1200 Nm-!
Mass, m = 3 kg

Angular frequency of oscillation:

= %’0 =400 =20 rads™!

(a) When the mass is at the mean position,
initial phase is 0.

Displacement, x = Asin oy
=2sin 20t

(b) At the maximum stretched position, the
mass is toward the extreme right. Hence, the

initial phase is g .
. . T
Displacement, x= Asm(mt + E)

:ZSin(ZOt+E)
2

= 2cos 20t

(c) At the maximum compressed position, the
mass is toward the extreme left. Hence, the

initial phase is 3771
: : 3n
Displacement, x =Asin| ot+ G

=2$in(20t+2)
2

=-2cos 20t

The functions have the same frequency

20
[Z—HZJ and amplitude (2 cm), but different
I

initial phases O,E,g— )
2 2
5. Ans.(a)
x=-2sin| 3t + = |=+2cos| 3t + =+ =
3 3 2
=2cos(3t+5—nj
6

If this equation is compared with the standard
2

SHM equation x = ACOS(?TCt + (I)J, then we get:

Amplitude, A =2 cm

Phase angle, ¢ = 5_6n =150°

Angular velocity, o= 2—;[ =3rad / sec.

The motion of the particle can be plotted as
shown in the following figure.

oY

=7 ral'sec.

P(i=0)

s | _I
(b)x—cos[6 tj cos(t 6]

If this equation is compared with the standard

2
SHM equation x = ACOS(?TCt + (I)J, then we get:
Amplitude, A=2

Phase angle, ¢ =g =30°

Angular velocity, o= 2—; =1rad / sec.

The motion of the particle can be plotted as
shown in the following figure.

e

= | radises

L}

(©) x= BSin(Znt %)
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) = 31 When a force F, is applied to the free end of the
=-3cos|| 2nt +— |+— |=-3cos| 2nt + — . . .
4] 2 4 spring, an extensionl, is produced. For the
) o ) maximum extension, it can be written as:
If this equation is compared with the standard Pkl
, 2n h
SHM equation x = ACOS(?L“ + (l)j, then we get: Where, k is the spring constant
) Hence, the maximum extension produced in the
Amplitude, A =3 cm F
spring, I=—
Phase angle, (|)— 2 T _135° k
For the two block system:
2n
Angular velocity, o=— T =3rad / sec. The displacement (x) produced in this case is:
The motion of the particle can be plotted as X= 1
shown in the following figure. 2
LY Net force, F = +2 kx 2k1
=27 radisec 2
==
Fom k
o ¥ (b) For the one block system:
- . - For mass (m) of the block, force is written as:
3mfa ,
Pr=10) F=ma=m—;{
dt
' Where, x is the displacement of the block in time ¢
dZ
(d) x=2cosmt m—=—kx
If this equation is compared with the standard de*
] A 21 Itis negative because the direction of elastic force
SHM equation x = Acos 7t ¢ |, then we get: is opposite to the direction of displacement.
Amplitude, A =2 cm d2 (kj 2
- — |x=—0"%
Phase angle, $=0 d? m
Angular velocity, ® = mrad/s Where, o = E
The motion of the particle can be plotted as m
shown in the following figure. o is angular frequency of the oscillation
47 . . _— 2n
Pli= ~ Time period of the oscillation, T =—
(i=0) ®
i J@
k
2em For the two block system:
dZ
- : F=m—-:
o= 21 radisec. dr?
¥ 2
md—;( =—2kr
6. Ans.(a) For the one block system: dr

Itis negative because the direction of elastic force
is opposite to the direction of displacement.
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d*x [Zk} 2
— = — |x=—0"X

dr? | m
Where,
Angular frequency, o= 2k
m
) . 2n m
~ Time period, T =— =2m, |—
o 2k

Ans. Area of cross-section of the U-tube = A
Density of the mercury column = p

Acceleration due to gravity = g

Restoring force, F= Weight of the mercury
column of a certain height

F = -(Volume x Density x g)

F=—(Ax2hx pxg)=-2pgh

= -k x Displacement in one of the arms (h)
Where,

2h is the height of the mercury column in the two

arms

kis a constant, given by k :—% =24pg

Time period, T = 27t\/E =21 L
k 2Apg

Where,

m is the mass of the mercury column

Let I be the length of the total mercury in the U-
tube.

Mass of mercury,m= Volume of mercury

x Density of mercury

=Alp

Te2m |- —on |1
2Apg 29

~ Hence, the mercury column executes simple

harmonic motion with time period

21 i .

29
Ans. Volume of the air chamber =V
Area of cross-section of the neck = a

Mass of the ball = m

The pressure inside the chamber is equal to the

atmospheric pressure.

Let the ball be depressed by x units. As a result of
this depression, there would be a decrease in the
volume and an increase in the pressure inside the

chamber.

Decrease in the volume of the air chamber,
AV =ax

. . Change involume
Volumetric strain
Original volume
AV ax
= el
Vv vV
Bulk Modulus of air B= Str_esls __p
Strain  ax
%4

In this case, stress is the increase in pressure. The
negative sign indicates that pressure increases
with a decrease in volume.

_ —Bax
%4

The restoring force acting on the ball, F=p xa

—Bax
-a
74

A —Ba®x
V

In simple harmonic motion, the equation for
restoring force is:
F=-kx .. (i)
Where, k is the spring constant
Comparing equations (i) and (ii), we get:
Ba*
v

Time period, T = 27‘5\/%
=27 }V—”;
Ba

Assertion Reason Answer:

1.

2.

(a) If both assertion and reason are true but
reason is not the correct explanation of the
assertion.

(d) If the assertion and reason both are false.

Case Study Questions-
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A motion that repeats itself at regular intervals of
time is called periodic motion. Very often, the
body undergoing periodic motion has an
equilibrium position somewhere inside its path.
When the body is at this position no net external
force acts on it. Therefore, if it is left there at rest,
it remains there forever. If the body is given a
small displacement from the position, a force
comes into play which tries to bring the body
periodic motion need not be oscillatory. Circular
motion is a periodic motion, but it is not
oscillatory. The smallest interval of time after
which the motion is repeated is called its period.
Let us denote the period by the symbol T. Its SI
unit is second. The reciprocal of T gives the
number of repetitions that occur per unit time.
This quantity is called the frequency of the
periodic motion. It is represented by the symbol
n. The waves, Heinrich Rudolph Hertz (1857-
1894), a special name has been given to the unit
of frequency. It is called hertz (abbreviated as
Hz). Answer the following. a)

i.  Every oscillatory motion is periodic motion
true or false?

a. True
b. False

ii.  Circular motion is
a.  Oscillatory motion
b. Periodic motion
c. Rotational motion
d. None of these

iii. Define period. Give its SI unit and

dimensions

iv. Define frequency of periodic motion. How it
is related to time period

v.  What s oscillatory motion

When a system (such as a simple pendulum or a
block attached to a spring) is displaced from its
equilibrium position and released, it oscillates
with its natural frequency w, and the oscillations
are called free oscillations. All free oscillations
eventually die out because of the ever present
damping forces. However, an external agency can
maintain these oscillations. These are called
forced or driven oscillations. We consider the
case when the external force is itself fact of forced
periodic oscillations is that the system oscillates
not with its natural frequency w, but at familiar

example of forced oscillation is when a child in a
garden swing periodically presses his feet against
the ground (or someone else periodically gives
the child a push) to maintain the oscillations. The
maximum possible amplitude for a given driving
frequency is governed by the driving frequency
and the damping, and is never infinity. The
phenomenon of increase in amplitude when the
driving force is close to the natural frequency of
the oscillator is experience with swings is a good
example of resonance. You might have realized
that the skill in swinging to greater heights lies in
the synchronization of the rhythm of pushing
against the ground with the natural frequency of
the swing.

i. ~ When a system oscillates with its natural

frequency w, and the oscillations are called

a. Free oscillations
b. Forced oscillations

ii. All free oscillations eventually die out
because of

a. Damping force
b. electromagnetic force
c.  None of these

iii. Whatis free oscillation?

iv.  What s forced oscillations?

v. Whatis resonance?

Case Study Answer-

1.

Answer

i.  (a)True

ii.  (b) Periodic motion

iii. The smallestinterval of time after which the

motion is repeated is called its period. Its SI
unit is second and dimensions are [T1].

iv. Reciprocal of Time period (T) gives the
number of repetitions that occur per unit
time. This quantity is called the frequency of
the periodic motion. It is represented by the
symbol n. The relation betweennand T is n
= 1/T i.e. they are inversely proportional to
each other. The unit of n is thus s-1 or hertz.

v. Oscillatory motion is type of periodic
motion in which body performs periodic to
and fro motion about some mean position.
Every oscillatory motion is periodic, but
every periodic motion need not be

oscillatory.
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2.

Answer

i

ii.

il

iv.

(a) Free oscillations

(b) Damping force

When a system (such as a simple pendulum
or a block attached to a spring) is displaced
from its equilibrium position and released,

it oscillates with its natural frequency w, and
the oscillations are called free oscillations.

Forced oscillations are oscillations where
external force drives the oscillations with
frequency given by external force.

The phenomenon of increase in amplitude
when the driving force is close to encounter
phenomena which involve resonance. Your
experience with swings is a good example of
resonance. You might have realized that the
skill in swinging to greater heights lies in the
synchronization of the rhythm of pushing
against the ground with the natural
frequency of the swing.

*
*

.0 0.0
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