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Preface
The importance of formal education is diversified. The prime goal of modern education
15 not to impart knowledge only but to build a prosperous nation by developing skilled
human resources. At the same time, education is the best means of developing a socisty
free from superstitions and adheres Lo science and facts. To stand as a developed nation
in the science and technology-driven world of the 21st century, we need (o ensure
quality education, A well-planned education 15 essential for enabling our new
generation to face the challenges of the age and to motivate them with the strength of
patriotism, values, and ethics. In this context, the government is determined to ensure
education as per the demand of the age.
Education is the backbone of a nation and a curriculum provides the essence of formal
education. Agamn, the most important tool for implementing a cwrriculum iz the
textbook. The National Curriculum 2012 has been adopted to achieve the goals of the
National Education Pelicy 2010. In light of this, the National Curriculum and Textbook
Board (NCTB) has been persistently working on developing, printing, and distributing
quality textbooks. This organization also reviews and revises the curriculum, textbook,
and assessment methods according to needs and realities.
Secondary education is a vital stage in our education system. This textbook 15 catered
to the age, aptitude, and endless inquisitiveness of the students at this level, as well as
to achieve the aims and objectives of the curriculum. It is belisved that the book written
and meticulously edited by experienced and skilled teachers and experts will be
conducive to a joyful experience for the students. It is hoped that the book will play a
zignificant role in promoting creative and agsthetic spirits among students along with
subject knowledge and skills.
Physics has been integrated with the history of science since the dawn of civilization.
From engineering to today's much-discussed artificial intelligence. Physics-based
methods are heavily used everywhere. The physics for class IX and X has been written
and aligned with the basic global concepts of Physics. The theoretical concepts of
Physics are explained and graded in the light of various familiar phenomena and
literature. The practical importance of the subject has been highlighted through the
investigative activities. Necessary revisions have been made in the textbook by the
expert panel in 2024 to present the age-old tradition of physics appropriately to the
students,

It may be mentioned here that due to the changing situation in 2024 and as per the
needs the textbook has been reviewed and revised for the academic year 2025, It is
mentionable here that the last version of the textbook developed according to the
curriculum 2012 has been taken as the basis. Meticulous attention has been paid to the
textbook o make it more learmer-fiendly and emor-free. However, any suggestions for
further improvement of this book will be appreciated.
Finally, I would like to thank all of those who have contributed to the book as writers,
editors, reviewers, illustrators and graphic designers.
October, 2024 Prof. Dr. A K M Reazul Hassan
Chairman
National Curriculum and Textbook Board. Bangladesh
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Chapter One
Physical Quantities and Their Measurements

e

Figure: An Atomic clock made for measuring time very acqurately

When you think about science. the image of different instruments, inventions,
research laboratories etc. might appear i your mind. But the mstrument,
research or laboratory are not the subject matter of science; the actual subject
matter of science is its scientific view . The greatest contribution of this civilization
has come from science and that came from the scientific view of the human
beings of the world. To explore the mysteries of science. sometimes they are
explained with logic, sometimes examined in laboratories and some other times
they are scrutinized intensively in nature. From the ancient time to modern era the
scientists are relentlessly working to advance science. The gradual development
of physics has been described in this chapter.

Forma-1, Physics, Class 9-10



2 Physics

If we read the history of physics we will see that 1t 1s developed by the combined
efforts of both theoretical and experimental scientists. In order to carry out
research in the laboratory, we need (o measure different quantities precisely.
This chapter offers discussion of how the measuring units are developed, how
one can measure and what type of instrument are used for measuring them.

@ By the end of this chapter we will be able to-

« explain the scope and gradual development of physics.
e describe the objectives of studying physics.
o explain the physical quantities [with units and magnitude] and the origin of
physics.
« explain the necessity of measurement and units.
e explain the difference between fundamental and derived quantities.
e explain the international system of measuning units.
o calculate the dimensions of quantities.
s calculate the transformation of prefixes of muluple and sub-muluple units.
o express the concepts and theories of physics by using scientific terms,
symbols and signs.
e measure physical quantities using different apparatuses.
e explain the techniques/methods of exactness and accuracy of measurement.
s determine the area and volume ol uniform objects by using simple
instruments.
o determine the length, mass, area and volume of uniform objects used
in our daily lives.

2023
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Physical Quantities and Therr Measursments

1.1 Physics:

Physics 18 the most ancient branch of science. It 1s because scientists started
studying and practising astronomy, the most important branch of physics. before
other branches of science had [lourished. Besides, being the oldest branch,
physics can said to be the most fundamental branch of science. Chemistry
flourished on the basis of physics. Biology flourished on the basis of Chemistry,
and again, many other subjects flourished on the basis of Biology.

Generally, we can say that the branch of science that tries to understand matter
and energy and the inleraction between them is called physics. You must have
realized that here physics does not reler to only the visible things around us but
also the things such as molecules-atoms, electrons, protons. neutrons, quarks or
string etc. Again energy may encompass strong and weak nuclear energy apart
from our known potential energy. kinetic energy. gravitational energy or
eleclromagnetic energy.

1.2 Scope of physics

Since physics is the oldest and the most fundamental branch and other branches
somehow flourished on the basis of physics. it is very natural that the scope of
physics is very vast. Not only that, different technologies have flourished based
on different laws of physics and we are using these in our daily lives (there are
exanmiples of some instruments used i medical science in the Linal chapter). At
present the greatest contribution behind civilization is of electronics and physies
has the greatest contribution to this technology also. Besides daily activities,
from destruction of war to space exploration. the contribution of physics is
present. Nol only that, by the combination of other branches of science and
physics, newer branches have developed. for example, astrophysics consists of
astronomy and physics. In order to explain organic processes, biophysics has
been built up by the combination of biology and physics, chemical physics was
horn by the combination of chemistry and physics. Use of physics in Geology
has developed Geophysics. Medical physics has flourished using physics.
Therefore the area of physics is very vast and deep as well.

For the advantage of teaching-leaming we may divide physics into two principal
parts. These are:

Classical Physics: This contains mechanics, sound, heat and thermodynamics,
electricity and magnetism and optics.



4 Physics

Modern Physics: Modern Physics has been developed using Quantum
Mechanics and Theory of Relativity. These are molecular and atomic physies,
nuclear physics, solid state physics and particle physics.

We have mentioned earlier that many kinds of technologies have been
developed in the world using physics or other branches of science. Using these
technologies we have made our lives comfortable and meaningful. The
invention of some dangerous technology has endangered not only our lives but
also the existence of our earth, Sometimes umjustilied and unnecessary
technology has destroyed the resources ol our earth along with creating
pollution. Se remember that technology is not always good, as there are good
technologis in the world, also there are bad technologis. Using your conscience,
you have to understand which technology is good or bad.

Physics was not built in a single day, 1t took hundreds of years to develop. The
physicists tried to explain, with the help of laws, the mysterious world around
them. Sometimes those laws were accepted, changed or rejected through
experiments. Thus, we are able to explain microscopic particle of matter to shape
of largest universe and we are learming continuously. Perhaps this learning is not
complete still now- scientists are trying to make it complete, it will be possible
to explain everything of apparently different subject with the help of a few laws
one day.

@ Do Yourself

Technology mayv be good or bad but knowledge can never be bad. In the hight
of invention ol physies give logical arguments in favour of this.

Group Work

Arrange a debate on good technologv and bad technology that have been
developed using the laws of physics.

1.3 Development of physics

Modern civilization is the contribution of science. This advancement of science
has not been achieved in a day. The modern science reached its present state

2025
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Physical Quantities and Their Measurements

gradually following tireless labour of innumerable scientists and researchers. Tt
has to be remembered that, in ancient time the exchange of information was not
s0 casy, it was very difficult to convey the results of research to one another,
books were written by hand form and the number of such books were very few.
Courage was needed fo express views against conventional faiths. There are
examples of imprisonment or even scientists being burnt to death. But the search
for knowledge was not stopped and by exploring the mysteries of nature, the
seientists have given us this modern science as a gifi.

We can describe the history of physies by dividing it into different stages.

1.3.1 Inmitial Stage (Greek, Indian subcontinent, China and the
Coniribution of Muslim Civilization)

What we understand by physics at present was introduced in the ancient times,
by the combination of astronomy, opties, dynamics geometry, and an important
branch of mathematics. The name of the Greek scientist Thales (624-586 BC)
can be mentioned specially, because he was the first to deny explanations which
were only based on religion, myth and extrasensory perception but without logic.
Thales predicted about the solar eclipse and knew about the magnetic properiv
of loadstone. Pythagoras (527 BC) was remarkable among the mathematicians
and scientists of that time. e had fundamental works on vibrating wire along
with geometry. Greek philosopher Democritus ( 460 BC) presented the 1dea first
that matier has indivisible units, called atom (This name is used by modem
physics). It was not acceptable to all since there was no chance to prove his idea
by any scientific process. The theory that everything was made of soil, water, air
and fire by the greatest philosopher and scientist of that time, Aristotle was much
more acceptable. Anstarchus (310 BC) first gave the idea of sun centered solar

Figure 1.01: Archimedes and Al Khorgimi
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system, His follower Seleucus proved those ideas with arguments, although
these arguments have been lost with ume. Greek science and mathematics
reached its peak at the ime of Archimedes (287 BC'), the greatest scientist of all
times. The upward thrust of liquids is still mcluded in the content of science. He
assisted, during the war, by setting enemy ships on fire by converging the solar
light using a spherical mirror. There was another scientist of Greek era named

Eratosthenes (276 BC), determined the radius of the earth accurately at that time.

After that, the development of seience came to a stand-still for almost one
thousand and five hundred years. Only the civilizations ol the Indians, Muslims
and Chinese kept practising the study of science following Greek convention. In
the Indian subcontinent Aryabhatta (476), Brahmagupta and Vaskar did a lot of
valuable works on mathematics and astronomy. Zero was effecuvely used in the
Indian subcontinent (Aryabhatta). The name of Al Khorgimi (783 BC) has to be
specially mentioned among the Muslim mathematicians and scientists. The
present name algebra has come from the book Al Zaber written by lum. Ibne Al
Hayum (965 BC) is considered as the founder of optics. Al Masudi wrote an
encyclopedia of thirty parts regarding the history of nature. Everyone knows the
name of Omar Khayam as a poet. But he was a highly famous mathematician,
astronomer and philosopher. Chinese mathematicians and scientists have done a
lot of work in physics. Among them the name of Shen Kuor can be mentioned
( 1031 ). studied magnets and mentioned the technique of finding directions by
using a compass during travel.

1.3.2 Rising Stage of Science

In the sixteenth and seventeenth century, a wonderlul revolution started in the
realm of physics. It was the era of European renaissance. In 1543 Copernicus
gave the explanation of the solar centric solar system in a book. (the publisher of
the book became afraid of the priest and wrote that it is not a real explanation,
only a mathematical solution!) The theory was not made available to the people
for a long time, Galileo (1564-1642) brought it to the fore front. e mtroduced
the mathematical formulation. Atier that he introduced the scientific process 1o
prove the law through experiments. Sometimes Galileo is called the father of
modern science. Ie fell vietin of the anger of the church as the founder of solar
centric solar system. He had to pass his last days in captivity. In 1687 Newton
published the three laws of mechanics and the law of gravitational force, which
provided the foundation of force and dynamics. Besider optics and other works
scientist Newton mvented a new branch of mathematics called caleulus along
with Leibniz.

2023
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Physical Quantities and Their Measuremenis

Figure 1.02: Copernicus . Galileo and Newion

Before the gighteenth century heat was considered a mass-less liquid. In 1768
Count Rumford showed thar beat 1s a kind of energy and mechanical energy can
be converted into heat energy. Lord Kelvin, in 1850, introduced rwo important
laws of thermodynamics on the basis of the research work of many other
scientists.

An extensive research started on electricity and magnets at that time. In 1778
Coulomb mvented the law of force beiween charges. Many kinds ol research
were started after the invention of the electric battery by Volta in 1800. Tn 1820
Oersted showed that magnets can be made by the flow of electricity. In

1831 Faraday invented just the opposite process given by Oersted. They showed
that electricity can be produced by varying the magnetic field. In 1864 Maxwell
(Figure 1.03) expressed the varying electric and magnetic fields with a single
law, the famous Maxwell equation. Iere, he also showed that actually light is an
electromagnetic wave. Electricity and magnets are not different. In fact they are
the two forms of the same energy. This invention was well-timed because in
1801 Young proved the wave nature of light through experiments.

1.3.3. Introduction to Modern Physics

From the very beginning of 19th century scientists felt that manv things
could not be explained with the help of existing physics. Dalton introduced
atomic theory in 1803, Thomson invented an electron within the atom, In 1911
Rutherford showed that at the center of the atom, there is the smallest nucleus and
there are positive charges in 1t. But it was found that the revelving electron
model around the nucleus could not be explained because, according to
electromagnetic theory, an electron should radiate its energy and fall into the
nucleus, but practically it never happens. In 1900, Max Planck introduced
quantum theory, which made it possible to explain black body radiation. Later, scientist

MNiels Bohr used quantum theory to explain the stability of the atom. In 1924, scientist
Satyendra Nath Bose applied the concept of quantum theory to develop quantum
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statistics related to radiation. For this, he is referred lo as the father of quantum
statistics, In recognition of his contributions, a class of fundamental particles was
named "bosons" after him.Between 1900 and 1930, many prominent scientists,

including Heisenberg. Schridinger, and Dirac, collectively established the quantum
theory of matter.

Figure 1.003: Maxwell, Rutherford and Mari Curie
An imagmary medium called ether was considered as the carrier of the
glectromagnetic wave. In 1887 Michelson and Morley, while trying to prove the
existence of ether, showed that actually there is no ether and the velocity of
light is equal in both stationary and moving mediums. We get this explanation
from Einstein's theory of relativity in 1905, (Fig-1.04) The most wonderful

equation E = mc? is derived from the theory of relativity in which it is shown
that the mass of object can be converted into energy.

In 1931 Dirac hypothesised the existence of an antl particle by the combination

of quantum theory and the theory of relativity and it was discovered the following
year.

Figure 1.04: Albert Emstein and Satyendranath Basu

In 1895 Roentgen invented X-rays. In 1896 Becqurel showed that radioactive
radiation is emitted from the centre of an atom. In 1899 Pierre Curie and Marie
Curie (Fig:1.03) invented radium and the scientists understood that actually the

atoms are not imperishable and on disinlegrating, these aloms may emil radioactive
radiation .

2025
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1.3.4 Contemporary Physics

Due to the invention of electronics and modern technology it is possible to make
powerful particle accelerators. Accelerating the particle with high energy, new
particles are being discovered. Il 1s possible to arrange these particles
systematically using the Theoretical Standard Model. It is possible to explain the
structure of all the particles using a few elementary particles (and their
antiparticles) though apparently we think there are an infinite numbers of new
particles, [t is not possible to explain the mass of the particles using the Standard
Model, so to explain the mass, the existence ol a new particle called the Higgs
Boson was proposed. The identification of the Higgs Boson particle in the
laboratory in 2013 is treated as a great success of theoretical physics.

In 1924 Hubble showed that all galaxies of the universe are moving away from
one another, which indicates that the universe is expanding slowly. This means
that once upon a time the whole universe was concentrated at a point. Scientists
showed that fourteen billion vears ago through a massive explosion called the
Big Bang the universg was created and 1t is continuing to expand. Very recently
scientists showed that this expansion will never stop and every part of the
universe will keep moving away from one another. Besides, the physicist have
shown that they can explain only 4% of visible planets, stars, and galaxies of the
universe, the concept of the mysterious dark matter and dark energy has to be
accepted to explain the rest of the universe, The scientists are continuing their
research in this field.

Semiconductors are created from the research of solid state physics resulting in
present electronics which laid the foundation of modern civilization.

1.3.5 Contributions of Jagadish Chandra Bose

Acharya Sir Jagadish Chandra Bose (Fig: 14.01) was a renowned physicist. as
well as a successful biologist, He was the first internationally recognized
scientist of this subcontinent. The forefathers of Jagadishchandra Bose lived at
the village of Rarikhal of Bikrampur in Dhaka district. Ile was born in 1858 in
Mymensingh, His father, Bhagaban Chandra Bose, was a deputy
magisiraie of Faridpur district.

His education started 1n a rural school of Faridpur. Later he completed his studies
from Hare School and Saint Xavier school and college in Kolkata. After passing

his B.A. in 1880, he went to England. and from 1880-1884 he completed his
honors with BA in Physics from Cambridge University, and then acquired B.Se.

Forma-2, Physics, Class 9-10
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degree from London University. Returning to his motherland in 18835, he became
a professor of physics in Presidency College. In that time there was not enough
scopes for research in that college, but he continued his research anyway.
He was always busy during the day. So, he carried on his research at night.

He conducted a lot of research om how to send radio signals without electric
wires. In 1895, for the first time he sent a wireless radio signal to distant
places and demonstrated this publicly. He has great contributions in microwave
research: he was the [irst to reduce the wavelength of the electromagnetic wave
to the order of millimeter (ngarly 5 mm).
Acharyva Jagadish Chandra Bose used
semiconductor junctions to detect radio
signals. Instead of patenting this invention
and obtaining commercial benefits from
it, he opened it for all.

In later wyears, Jagadish Chandra Bose
discovered many imporiant aspects of plant

Figure 1.04{a) Acharva Sir lagadish
Chandra Bose
physiology. Among those, the invention of the Cresco graph to record the growth
of plants, detecting very minor movements, and matters ol responding to various
stimuli are worth mentiomng. Earlier it was assumed that response to stimuli

was a chemical process. He showed (hal it was actually electrical in nature.

In 1917 he established the Bose Biggan Mandir in Kolkata for research on plant
physiology. The writings of Jagadish Chandra Bose in bengali were compiled in
a book named ‘Obyakto’, A significant book of his is *Response in the living and
nonliving’. On 23 November 1937, scholar Jagadish Chandra Bose breathed his
last.

1.4 Objectives of Physics

Already you know that physics is that branch of science which explains the
change of position of an object with time in the presence of energy and force.
Like any other science the main objective of physics is to leamn. the arena of
knowing in physics is very large. The objectives of physics are to unfold the
mysteries of both small atoms and the vast universe. For understanding easily
we can divide the objectives of physics into three parts:

2023
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1.4.1 Unfold the Mystery of Nature

In ancient times in China, a piece of lodestone was seen to attract another by an
invisible force. This special property ef this special type of matter was called
magnetism, Similarly in ancient Greece, when a substance called amber was

rubbed with wool. thev would attract each other with an invisible force. This
special type of property is called electricity. Many research were conducted on 1t

in the eighteenth century and the scientists discovered that, this is actually two
ditferent forms ol the same force and this force is called an electromagnelic
force. After the invention of radicactivity while explaining a special radiation
called beta ray. a new type of force called weak nuclear force was discovered.
Later, the physicists showed that electrometric force and weak nuclear force are
the different forms of the same force. Their combination is called the electro
weak force. The physicists argue that two other forces in nature called
gravitational force and nuclear foree will be brought under the same law in the
future.

Physics is unveiling the mystery of nature one after another. Similarly we can
say that an object consists of molecules. later on we see that the molecules
consist of atoms of elements. Despile the aloms being charge neutral, there is a
positive charged nucleus at the center and surrounding it, electrons are revolving.
Though an electron is an elementary particle, it is seen that the nucleus consists
of protons and neutrons. It is seen that neutrons and protons also consist of
elementary particles called quarks. At present the research topic is whether
electrons and quarks are made of sirings.

1.4.2 To Know the Laws of Nature

From time immemorial we know that if something is released from above, it falls
downward and seeing this we can guess that the earth atiracts everything towards
its center. If physics stops after pronouncing only the existence of gravitation,
this 18 not enough at all. The knowledge will not be appropriate until we precisely
know the force by which an object of a definite mass attracts another object of
another delinite mass and how the force varies with the distance berween them.
Newton explained this law of nature properly with the help of the law of
gravitation. The laws of nature can be used in many other places. So, the motion
of a falling body 1z explained with the help of gravitation, similarly the rotation
of the earth round the sun can also be explained. To know the laws of nature
properly the scientists analysed them with argumentative discussions, while also
conducting experiments in the laboratory. Behind the wonderful success of
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physics, both theoretical and experimental research have been conducted. The
main objectives of physics is to find out the laws of nature by carrying out
research in these two different fields.

1.4.3 Development of Technology Using the Laws of Nature

From the theory of relativity Einstein deduced the law £ = me? and showed that
mass can be converted into energy. In 1938, by breaking a nucleus Otto Hann
and Fritz Strassmann showed that the amount of mass reduced, is converted to
ENErEY.

Using this formula the nuclear bomb was made and dropped on Hiroshima and
Nagasaki in the Second World War and millions of people were killed within 4
second. Nol only deadly weapons can be made bul also il is possible (o use [or
the good of mankind. Using this formula, nuclear power plants are made and
also in Rooppur of our country a nuclear power planty is being made.

Solid state physics is a branch of physics where semiconductors are studied.
Mixing some special elements with semiconductors. transisiors are made. With
the help of this technology great development of electronics has occurred and
this has made a major contribution to the present civilization.

In this way we can show that physics has a small or large contribution in every
ficld of technology. Contributions of physics anly in medical science are discussed in
the last chapter of this book.

@‘.@@ Group Work

[ Prepare a poster on the development of physics. ]

Do Youself

Consider a particular distance as a particular time on a straight line, put the
important works that different scientists have done from the ancient period to
the present time on the straight line and show that there is a dark period in the
history of human civilization. Search out anyvone reason. why there is a dark
peried?

2025
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1.5 Physical Quantities and Their Measurements

We all know that water becomes ice when 1t is cooled: it becomes vapor when it
is heated. Peoples have been observing it [rom lhe very ancient tirnes. This
knowledge alone cannot be science completely, unless we can say at what
condition and at what temperature water becomes ice alier [reezing or raising
the temperature at what condition and at what temperature does it starl to boil
and becomes vapors. This means. 1n order to be science, everything has to be
measured. The most important point of science is to be able to explain
everything accurately after measuring them.
Table 1.01: Seven phvsical guantities in SI unit

Quantity Unit Symbol

Length meter m

Mass kilogram kg
Time second 5
Electric current ampere A
Temperature kelvin K

Amount of substance mole mol
Luminous intensity candela ed

In this universe anvthing we can measure 1s called a quantity. In this physical
world there are innumerable quantities which can be measured. For example, we
can name, length, breadth, volume, weight, temperature, colour, rigidity,
position, velocity, internal matenal, electrical conductivity, non-conductivity,
elasticity, heat conductivity, non-conductivity, density. specific heal, pressure,
melting point, etc, and we cannot finish this list. In brief. in the physical world
the quantities are endless. You may think that to measure these infinite number
of quantities, we have to prepare the definitions and umits for these infinite
number of quantities! Actually that is not true. you will be surprised hearing that
(and delinitely be happy) if we can fix seven units of seven quantities, we will
be able to calculate everything using these seven units. These seven quantities
are called fundamental quantities. When we express other quantity using these
fundamental quantities that 1s called a derived quantity. The fundamental
quantitics are length, mass, time, electnc current, temperature, amount of
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substance and luminous intensity. These internationally recognized seven units
of seven fundamental quantities are called SI units, (SI came from the France
language term ‘System International d'Units) and these are shown in Table
1.01. Table 1.02 shows some very big to very small quantities of distance, mass
and time.

Table 1.02: Very big to very small quantities of distance, mass and time

Distance m Mass kg Time s
—
Nearest galaxy | 6 10 |Our galaxy| 2 x 10% Big ;;‘;‘ 4 x 107
T T ' = Time 5
Neareststar | 4x10'6 | The Sun | 2x10% |pisnoseur vassbed|2 X 101
Radius of solar system| 6 x 10'* | The Earth | 6 x 10%* Tﬂ;; ]fuu;u:nmnh 8 x 104
Radius of Earth | 6 x 10° Ship 7x107 | Singleday |9x10*
. Human
Height of Everest | 9 x 10° | Elephant 5% 10° heart Besit 1
Lengthof virus | 1x107° | Man 6 % 10! %ﬁ Iiime of |5 10
Radius of hydrogen £ o T,
5x 107 | Dust 7 x 1077 | Vibration of |9 1015
atorm Green light
i S 15 ~31 | Vibration of 1
Radius of proton |1 % 10 Electron | 9% 10 :EEEVE a 14 % 1072
1ght
1.5.1 Units of Measurement

Among these units second, meter and candela are defined before by some
constants.

From May 2019 kilogram, kelvin, mole and ampere are also defined by some
constant of Physics. Now it is possible to measure all units very accurately using
these constant in any laboratory in the world.

Magnitude of fundamental constants those are essential to measure these seven
units are specified forever. The magnitude of seven constants are shown in the
Table 1.03

Constant Magnitude
Velocity of light (c¢) 2,99,792 458 meter/second
Plank’s constant (h) 6.62607015 * 107*joule second
Charge of electron () 1.602176634 = 107" coulomb

2025
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Vibration frequency of C'® (Avy) 9,192.631,770 heriz

Boltzmann constant (kg) 1.380649 = 10~%joule/kelvin

Avogadro constant (N4 ) 6.02214076 * 10* particles/mole

Lumincus Intensity (K5} | 683 lumens/watt

New definition of these units:

Second (s): The time required to complete 9.192.631,770 vibrations by
Cesium-133 (Cs") atom is called one second.

Meter (m): In vacuum the distance travelled by light in 1/299,792 458 second
called one meter.

Kilogram (kg): The mass which is obtained by dividing Plank’s constant by
6.62607015%10 " m?s is called one kilogram.

Ampere (A): Flow of 1/1.602176634%10"° numbers of charge equivaleni to
charge of electron in one second 1s called one ampere.

Mole (Mol): Amount of substance that contains 6.02214076%10* particles
(Avogadro's number) is called one mole.

Kelvin (K): Amount of change of temperature with the change of
1.380649= 10 joule heat is called one kelvin.

Candela (cd): One candela is defined as the amount of 1/683 watt luminous
intensity which is emitted by a source of light vibrating 540>10* cycle per

second into one Steradian solid angle. Table 1.04: New Sl unit

o
=) <
g

e

You should have a practical idea about how
much 1s meant by one meter, what amount of
mass 18 one kilogram, what time is one
second, how much hot 15 one kelvin
temperature. what amount of electric current
is one ampere, whal is meant by one mole
substance or what amount of light is one
candela! Now let us try to give vou that idea
idea. Not only do you have 1o know i, but
alzo you have to feel it. In general it can be
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said that:

o The distance from the feet to the stomach of a person of normal height is
nearly one meter.

o The waler contained in one liter bottle or the water kepl in four glasses have
a mass of nearly one kg.

e The time reguired to say three words “one thousand one” is approximately
one second.

* [If three mobile phones are charging at the same time, one ampere electric
current is used. (a mobile is charged at nearly 5 V. So, currenl consumption
will be Swatt. If lights, fans, refrigerators of a residence run at 220 V and one
ampere current 1s used, the power consumption will be 220 watt!)

o Ifwe can feel the fever of anyone by hand. it can be said that his temperature
has increased by one Kelvin.

e [t is difficult to understand a mole, we can say a a large spoon filled with water

contains one mole of water molecules. In one cup water, there are ten moles,

The light coming from a single candle can be said one candela.

You see that none of them are perfect measurements, bul easy to realize. If vou
are habituared with this measurement, when in future you will calculate
anything. then you will have a sense of proportion about 1t.

1.5.2 Prefix

To study science or physies we have to measure different things. Sometimes we
need to measure the length of a galaxy (6%10% m), or sometimes we have (o
measure the radius of the nucleus (1>*10* m). To measure this huge difference
1n the distance it 15 not wise to use the same type of numbers, So internationally
some SI prefixes have been made, Due to this multiplier we will be able to
express a large or small number by a small prefix. These prelixes are shown in
Table 1.05. In our daily life we always use these prefixes. To express distance
we say | kilometer instead of 1000 meter. We say 10 nulliliter instead of one

hundredth of a liter to express volume of water.

2025
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Table 1.05: The multiples and sub-multiples used in the ST unit

deca da | 10' | deci d 10
hecto h 10° | centi c 102
kil k 10 |  milli m 107
e I I O A T
giga G 10° | Nano n 10°®

tera T 10" pico p b1

| peta P 1o | femto £ 10"
exa E 10 atto a 1078

1.5.3 Dimension

We already know that though there is an infinite number of quantities around
us, we can measure them with the help of seven units only. We have to know, in
which units a quantity can be expressed. Often we also need to know how this
quantity is formed with which fundamental quantities (length L, time T, mass M
etc.). The power of different fundamental quantities in a quantity 1s called its
dimension. For example, we will see next that [orce is the product of mass and
acceleration. Again, acceleration 18 the rate of change of velocity with time. And
velocity is the rate of change of position with time.

Therefore,

dimensions of wffalt:m:it}':["a"m%]= I; =il

distance
time 2

= o R

T2

dimensions of acceleration:

In this book, when we will speak about a new quantity, we will ry to mention
the dimension of it al the same time. You will see that, this always will help you
to understand the quantity, in a different way. To indicate the dimensions of a
quantity in this book. it will be shown within third brackets. For example, force
F is expressed as [F]= MLT*.

Forma-3, Physics. Class 2-10
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1.5.4 Scientific symbols and notations

The following methods are followed to write the symbol of units:

1. To express the value of a quantity, first we write a number, leave a
space after it and then write the symbol of the unit. Forexample, 2.21
kg, 7.3 X 10% m*® or 22 K. The percentage (%) sign also follows the same rule.
However no space is left after a number to write degrees (") minutes (') and seconds ().

2. Derived unit produced by multiplication is written using a space between
two units, e.e. 235 Nm

3, Derived unit produced by division 15 expressed as negative power or slash
(e.g. ms™* or m/s)

4. No punctuation mark or period is used with the symbols, as they are
mathematical expressions but not the abbreviated form of anything,

5. The symbol of unit 1s written in straight font, for example, m for metre. s
for second ete. But the symbol of quantities are written in italic or curved
font, for example, m lor mass, v for velocity etc.

6. The symbols of units are wrilten in small letiers, [or example, cm, s, mol etc.
Bul capital letters are used for those units which are taken from the name ol scientists
(N for Newton). If' there are many letters in the unit then the first letter will be
capital only (the unit from the name of Pascal is Pa).

7. The prefix (k, G, M} of unit will be attached with the unit (m, W, Hz) with
no space. For example, km, GW, Mz,

8. Prefixes more than kilo (10%) will be in capital letters (M, G, T).

9. The symbols of units will never be in plural from (e.g: not 25 kgs, always 25 kg).

10. We have to try to write any number or compound umnit in a smgle line. A line
break can be given between a number and a unit if it is really necessary.

2023
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1.6 Measuring Instruments

Once it was very difficult to measure different quantities of physics accurately.
The job has become much easier due to electronics based instruments. For the
phvsics that we will try to learn in this book. knowing how to measure distance,
mass, time, temperature, electric current and voltage will be enough. Lel us
discuss what rype of instruments we will use to measure these;

1.6.1 Scale or Ruler

A Meter scale 1s used to measure small lengths and definitely you may have seen
it. Since this is 100 cm or 1 m long, it is called a meter scale. Since in many places
inch-foot is familiar still now (USA is an example!), inch is marked very oflen
on the other side of a meter scale. One inch equals 2.54 c¢m.

We can measure up to the smallest division on a scale. A meter scale 15 generally
divided up to millimeter, so using a meter scale we can measure the length of
anything up to millimeter. Therefore, if we say the length ol anything is 0.364 m,
this means the length of this is 36 centimeter and 4 millimeter. Using a meter
scale it is not possible to measure lengths smaller than this - that is, generally we
can never say the length ol a body is 0.3643 m. Bul from tme to tme, for
microscopic purposes we have to measure the smallest length of objects of this
type, which can be performed by using an interesting seale called vernier scale.

Slide calipersor vernier calipers

Let us consider that the length of an  object comes in  belween

4 and 5 millimeter marking 1.e. the length of the object is greater than 4 mm and
less than 5 mm. We can use the veriner scale to find how much fraction is greater
than 4 mm. This scale is attached to the main scale and can be moved forward
and backward (Figure 1.05). In the example shown in the figure the length of 9
mm of main scale 18 divided into 10 divisions on the vemnier scale. Therefore every
division of the vernier scale equals % mm, i.e. less than a millimeter by ;—n

millimeter. If the initial mark of the vernier scale coincides with any mark of the

millimeter scale, then the next mark of the vernier scale will keep a separation of
1
10
mm, third one will keep a separation of 13_41 mm and so on.

mm from the actual millimeter mark, and the next will keep a separation of TZE
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Therefore no mark of the vemier scale will coincide with the millimeter mark of
the main scale, finally the 10® mark will coincide again with the ninth millimeter
mark of the main scale.

Vernier scale

™~

RRERNRRAARRRRRANR AR RN
0 1 cm 2

Main scale /

Figure 1.05: Main seale and movable vernier scale

lIIllIIIl

If we keep the vernier scale in such a way that it does not start from a millimeter

mark rather it starts with a slight {e.g,% mm) displacement (Figure 1.06) then the

number of % mm displacements by which it has moved will be the mark

of the vernier scale coinciding with the millimeter mark of the main scale! Therefore,
it is very easy to measure a length using a vernier scale. First of all, we have to know
the difference between one division ol vernier scale and one division of the main
scale- this 18 called the vernier constant— in brief VC. This can be calculated it we
divide the length of the smallest division (1 mm) of the main scale by the total
number of divisions of the vernier scale (in the figure 1.05 and 1.06 1t 13 10). In
our example, the value of this :
1mm
Ve = 10 = 0.1 mm = 0.0001 m

To measure a length, we have 1o look at the vernier scale afier measuring up to
the last millimeter mark. The mark of the vernier scale that coincides exactly

with any rmillimeter mark of the main scale 1s then found. and then that number
is multiplied by the vernier constant. We will get the actual length by adding this
amount with the length measured by the main scale. According to our procedure
the length shown on the last scale of Figure 1.06is 1.03 cm or 0.013 m. This
instrument consisting of a ‘'main scale' and a 'vernier scale' is called a Slide
calipers or vernier calipers

2025
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T T g
0 1 cm 2
T ””“Ii
0 1 cm 2
T T Ty
0 1 cm 2

Figure 1.06: Vernier scale displaced by one, two and three divisions

Instead of the vernier scale we can use a special type of scale called a screw
gauge to measure lengths. In a screw gauge when the screw (Figure 1.07)
rotales. the scale moves forwards or backwards, the threads of the screw are kept
very fine. After a complete rotation of the screw, the screw with the attached
scale may advanced by lmm. This displacement of the screw is called the pitch of
the screw. The circular part of the instrument, by the rotation ol which the screw
moves forwards or backwards is divided into 100 equal parts. For the rotation of
only one division of the circular scale, the screw advances by EIE of the pitch.

Therefore, with this scale up to uln_u mm = 0.01 mm of length measurement is

possible, This is called the least count of the screw gauge.

Figure 1.07: A slide calipers with verier scale and a serew gauge

Now-a-days instead of the vernier scale, attached dials or digital slide calipers
are available by which lengths can be measured accurately.
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1.6.2 Balance

Mass cannot be measured directly. so mass is
generally determined by measuring the weight.
When we say the weight of an objectis 1 gm or 1
kg, then actually we mean that the mass of the
object 1s 1 gm or 1 kg In earlier Limes to measure
the mass of an object, a balance was used, there
the mass of the object was compared with the
definite mass of a knowmn weight. Now-a-days the
use of electronic balance (figure 1.08) has
mncreased a loi. It we keep the body on the Figure 1.08: Digital weigh
balance then the sensors of the balance can machine

determine the weight very precisely.

1.6.3 Stop Watch

Stop watches are used to measure time interval
(figure 1.09). Once accurate stop watches were
very precious things, Now-a-days very accurate
stop watches are available in the mobile phone
al low prices due to the advancement of
electronics, In a stop watch, time measurement
is started at any instant of time, and by stopping
the measurement of time after a definite
mterval, the elapsed time can be determined. An
interesting matter is that the stop watch can
measure the time very accurately, but we can never start or stop it with our
hands with the same accuracy.

@ Do Yourself

ﬁ here is less probability for all of you to possess slide ﬂa]jpeg\
but if you want, you can make a shide calipers to carry on your work. Make a
photocopy of fgure 1.10. Cut the part of the main scale and the vernier scale
and then put it together after folding as shown in the figure following the
steps (1,2, 3. ...... accordingly). Now you can measure any length accurately.
The slide calipers is also graduated in inch. So to get the length in centimeter

QE need to multiply it with 2.54. /

Figure 1.09: Stop watch

2023
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(3) Folding along this line,
take left part behind.
. ¥

L Q0

.
_

@ Folding along this line,

(1) Folding along this line,
\ take upper part behind.

| | | | | | | (Z) Folding along this line,

Inch /  take lower part behind,

take the entire folded

left part behind.

L

Im.._ Folding along this line,
keep upper part vertically.

+—(7) Naw keep the main scale
here.

(3 Folding along this
Ime, take left part
behind.

' Apl@ Falding upper part first

then lower part, cover

. thc main scala..
Vernier scale ‘

Figure 1.10 : Malcny shde calipers with paper
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@ Investigation 1.01

Cﬂiﬁhl

bjective: To find out the volume of a match box or any other ubjeetm

measuring its length, breadih and height using a slide calipers. I you have
no slide calipers with vou, you can male a slide calipers as shown in figure
L.10,

1. To measure the length of an object by slide calipers we need to place it
between the jaws of the slide calipers. The jaws need to touch the object
Irom both the sides.

2. Now observe carefully the mark of the main scale that the zero marking
of vernier scale has just crossed. Mark of the main scale that the, That will
be the main scale reading M. Notice that, the mark which is very close io the
main scale, is not the reading of main scale, the mark that has just crossed
the main scale fully 1s the main scale readimg.

3. At this position find out which mark of the vernier scale coincides with
any mark of the main scale, this is the vernier coincidence.

Measure the length of the object several times and put it in the table.

In the same way measure the breadth and height of the object.
Observation:

Determination of vernier constant:

Value of one smallest division of main scale, S = ....ciiiiiens

Total number of divisions of vernier scale, 1 = ......ocvvvv.

Vernier constant. VC =s/n= ..............

Table 1.06: Table of finding length. breadth and height of a rectangular object:

| Object’s No.of |Mamscale| Vernier Vemier | Reading= | Average
observations reading M |coincidence constant | M + V x VC| reading
v e

:F'angth
L

| Width
W

2025
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1.7 Error and Accuracy

Error is a negative word and if the word "error in measurement” used, we think
that the person who is doing the measurement is not performing his duties
properly and an error has occurred! But this is not the case. Sometimes error
may occur due to the person who is doing the measurement for his neglizence.
but we have to know that the instrument with which we measure is not error free.
Therefore, there is a limit of how much accurately we can measure, i.e, it is very
natural to have errors in measurement. But there is a need to mearuse to what
extent a measusement is accurate . The reliability of a result will be increased if
we can inform how accurate the result is when we publish the result of an
experiment. You can reporl the measurement of the accuracy of vour
experiment if you know some conventional rules for finding the accuracy of an
experiment.

Suppose, you are measuring the length of an object by a scale. Ilow accurately
you will measure the length of the object depends on how finely vour scale is
graduated. If the scale 1s graduated in 1 cm inlervals then you will express your
result [or length in some definite number of cm. But the real length of the object
15 not exactly equal to this mentioned number of em but perhaps very close to it.
so there is a possibility of uncertainty in your measured length. That is why, we
add that amount of uncertainty with the measured result. Therefore, if we see the
length is close Lo 4 cm, we will say the length of the object 1s:

(4.0 £ 0.5)cm
Therefore the length of the object may have any value within 3.5 cm to 4.5 cm.

@ Example

Question: What is the length of the object i |

shown in Figure 1.117 | | l l | I I | I |
Answer: he length of the object 1s 7+0.5 ‘

mm. That is, the length of the object willbe | Q cm 1
of any value from 6.5 mm to 7.5 mm.

Figure 1.11 : The length of the object
beside the scale is nearly 7 mm

Forma-4, Phyzics, Clasz 9-10
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Now we can discuss how accuracy can be measured. The measurement of
accuracy 1s the absolute error. Observing the name we understand that this is the
difference of the measured value with respect to the actual value. You can
definitely understand that when we measure anything we don’t know the actual
value. So, instead of absolute error we use the most probable error. Therefore in
our previous example the absolute error 13

|+0.5 mm| = 0.5 mm

We can consider the relative error after the absolute error. Let us consider that an
error of 0.5 mm has occurred while measuning length. If the length of the object
is 1 mm then this error is very serious, buf if the length is 1 m then the
measurement 1s accurate enough. The concept of relative error has been
introduced to give a better understanding.

Thegetars, Relative error = Ay B
Measured value

So in our previous example:
Relative error: 0.5 mm/ 7 mm = 0.071
In percentage this is: 0.071 x 100="7.1 %

Question: Suppose vou have got 10 cm by measuring the length of a square
shaped book. Suppose the relative error in the measurement is 10%. What is the
relative error in its area?

Answer:

Measured area of the object =10 cm> 10 em=100 cim?

Since the relative error of the object 1s 10%, hence if its length is measured, the
minimum length will be 9 ¢cm and maximum length will be 11 em,

& The minimum area = 9com % 9ecm = 81 cm?
and the maximum area = 11cm % 11 em = 121 cm?®
Therefore the absolute error:
|100 er? — 81 cm?] = 19 em™m?
or. [121 em®*—100 cm?| =21 ¢

Since the values are not equal, we consider the larger one i.e. the absolute

erroris 21 em®

2023
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Therefore, the relative error = 21 em? /100 em® = 0.21
In percentage, 0.21 x 100 = 21%

If the error i the measurement of the length 1s 10%, then in the case of area
it will be approximately double. Similarly you can show thatin the case
of volume measurements the error will be three times!

Question: You have measured a box by a ruler which i1s graduated only in cm.
You have got the length, breadth and height of the box as 10 cm, 5 cm and 4 em
respectively. What is the percentage ol error in vour measurements?

Answer: Since your ruler is graduated only 1n cm. s0 your error is = 0.5 cm.
Therefore the error in your measurements:

Length: 10 4+ 0.5 cm
Breadth: 5+ 0.5 cm
Height: 4 + 0.5 cm
Your measured volume: 10 cm % 5 cm X 4 cm = 200 cm?
Probable smallest volume:
(10 —0.5)em x {5 — 0.5) cm %X (4 — 0.5) em = 149,625 cm®
Probable largest volume:
(10 + 0.5) em »x (5 0.5) cm x (4 + 0.5) cm = 259.875 cm’®
Therefore the volume,
149.625cm® < V < 259.875cm®
Absolute error:

From 149.625 cm® to 200 cm’® 18 200 cm® — 149.625 cm® = 50.375 cm®
From 200cm® to 259.875cm’® is 259.875cm’ — 200 cm® = 59.875 em?®

Considering the largest value we have the absolute error 59.875 em®

Relative error: 59.875 cm?®/200 cm® x 100 = 29.9375% = 30%
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® Exercise

General questions

1z

]

o LA

Write a report on why we may study physics.

2. Wonderful advancement took place in the twentieth century-support the

statement with examples.

a) What do you mean by a quantity?

b) Write down the difference between fundamental and derived quantities.
a) In SI unit which quantities are considered as fundamental quantities?
b) Write down the names ol the units of these quantities.

What do you mean by dimension?

. Arguments, experimentation and observation- among these three methods

which one would you prefer as the most imporiant for science research.
Among the seven SI unils, one is little bit different from the others. Can you
say which one and why?

. If you and everything around you suddenly becomes half in size, will you

be able to understand the changes?
. Will you be able to measure the radius of the earth?

. Mathematical questions

Exprass the numbers given below using the prefixes in Table 1.05
(@) 10" Flops (b) 10" bytes (¢)10°gm (d)10 ® m

2. In one year how many seconds are there? (for fun express in terms of w )

3. How many meters are there in a light vear?

III[II i

a bar with a vernier scale, it looks
as in figure 1.12. What is the [0 1 cm |2
length of the bar? Figure 1.12: Reading of a vernier scale

. P E
% When measuring the length of FTTT T IIIIIIIII ]III|II{]

5. The dimension of energy is ML¥I?, in ST units what is its unit?

2025
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%% Multiple choice questions

Put tick (\ ) mark on the correct answer

1. Who has given the quantum theory at first?
a) Planck b) Einstein
¢) Rutherford d) IHeisenberg

2. The name ‘boson’ came from?
a) Jagadish Chandra Basu
b) Subhash Chandra Basu
¢) Satyendranath Basu
d) Sharat Chandra Basu

3. Which of below is noi a fundamental quantity ?
a) Mass b) Heat
¢) Electric current d) Quantity of substance

4. When a rod is placed belween the jaws of a slide calipers, the main scale
reading is found to be 4 cm, the vernier super-imposition 15 7 and if the vernier
constant is 0.1 mm. what is the length of the rod?

a) 4.07 cm by 4.7cm
c) 4.07 mm d) 4.7 mm

From the figure below answer questions 5 and 6.
5. What is the volume of figure (b)
poEEy 4. .3
a) ST b) ST
c) %m‘a d) mr?

6. The ratio of the volume of figure
(a) and figure (b):
a) 1: 0.673 b) 1: 0.0673 s
¢)1:0.763  d)1:0.637

(a) (b)
Figure 1.13: A block and a cylinder
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Creative questions

1. Rashed. with his newly purchased scale, measured the length of his pencil and

the length came 1o 11.73 ¢m. His friend Sujon said that this measurement may

not be correct. Rashed said that he obtained the same result measuring by the

scale several imes. When they went to the teacher, he mstructed them to use a

vernier scale of constant 0.005 ¢m. Rashed measured the correct length by the

vernier scale.

(a)  What is the vernier constant ?

(b)  Why are units required to express the amount of a quantity?

(¢)  Find a division of vernier scale is equal to what number of divisions of
main scale.

(d)  The frist measurement ol length measured by Rashed was irrelevant to
accurate measurement, explain with logie.

2. Mr Rashid, a science teacher, has given a ruler and a box to the students in his
physics class and told them to determine the volume of the box. The students
observed that the ruler could be used o measure upto em only. They determined
the length, breadth, and height of the box as 20 ecm. 15 em and 10 em
respectively.

(a) What is its dimension?

(b)  Why weight and mass are not the same type of quantity?

(¢)  Determine the percentage of relative error in the measurement of volume
of the box?

(d)  This ruler is appropriate for measuring the area of the book but not
suitable for measuring the area of the house- analyze the statement.

2023
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Chapter Two
Motion

There are many kinds of metions around us. When a person ndes a cycele, it's a
kind of motion. When a car moves, that is another kind of motion. When a plane
flies, it is also a motion. When the earth revolves round the sun, it 15 also a
motion. When a hanging bulb oscillates, 1t is a kind of motion. When a bullet
ejects from a rifle, it's a motion also. Apparently it seems that all these scveral
types of motions are of different types. But you will be surprised and happy to
know that all these motions can be explained by a few number of quantities. In
this chapter those quantities, their units, dimensions and the relationship among
them will be discussed.
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@ By the end of this chapter we will be able to-

explain rest and motion.

find out the differences among the different types of motion.

explain scalar and vector quantities.

analyse the relations among the quantities regarding motion.

explain the motion of freely falling bodies.

analyse the relations among the quantities regarding motion with the
help of graphs.

realize the effects of motion in our lives.

2025
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2.1 Rest and Motion

When an object does not change its position with respect to time, then it
is at rest. And when an object changes it position with time, then it is in motion.
Now we need to explain the term "position' properly. In our daily conversation
we use the word 'position’ in different ways, but in physics the word "position’
has a definite meaning. If you are asked, what 1s the position of your school and
if vour answer is 'Thiltuli', vour answer 1s correct but the position of vour school
remains unknown. If you reply, your school is 1 kilometer from the gate of your
residence; the position of your school is stull unknown. Though the position of
the gate of your residence 15 known o us, yet we cannot tell exactly in which
direction the school is situated at a distance of 1 kilometer from the gate. But if
vou say the school is situated 1 kilometer east from the gate of your residence.
only then we will know the exact position of your school. That is to know the
position of the school; we have to know both the distance and the direction
definirely. Not only this, this distance and direction has to be specified from the
posttion of a reference point. In the case of your school the gate of your
residence was the reference point or origin. Instead of your residence gate, the
reference point might be a bus stop or a shopping mall. Then definitely both the
position and the direction would have different values; but we can specify
certainly the position with respect to the new reference point. That is, to specify
the position of any object, it has to be mentioned with respect to a reference
point. This reference point 18 not an absolute one; we can conveniently choose
any point as reference point or origin.

Now the question i3, to specify the position of an object, is it necessary for the
reference point or origin to be a static point? Let us think; in front of you a person
15 sitting still on a chair. If we consider the chair as the reference point or origin,
we can firmly say, the position of your friend is not changing.

But if' it happens that actually you are sitting in a moving train, what will it then be?
A man outside of the train standing en the station will say, you and your friend
are both in motion, nobody 18 at rest. Then whose statement is trug? Your
statement or of the man standing in the station? In fact, both are correct! The
reason 1s- if the reference point or the origin moves at a uniform velocity, then
we cannotf tell firmly whether the reference point is moving at a uniform velocity
or actually it is at rest and all other things are moving at uniform velocity in the

Forma-3, Physics, Class 9-10
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opposite direction. Therefore, we can say, if an object changes its position with
respect to an origin, then the object 1s in motion with respect fo that origin. It is
not our headache whether the origin 1s at rest or moving at uniform velocity. This
1s not important since every motion is relative.

Not only this, if we want to search out an absolute rest retference point, we will
be in trouble. If we consider anything on the surface of the earth as origin. one
can object. as earth is not stationary rather it is rotating about its own axis, so
everything on its surface is also rotating. Alternatively we can say. the center of
the earth is the origin. Then someone else can come up with the objection that
the centre of the earth is not stationary, it revolves round the sun. Then we can
say more intelligently, the centre of the sun must be the origin! Then another
person can confidently say that the sun is also not stationary 1t 1s also revolving
around the centre of our galaxy. Surely you are feeling that no one can dare to
say, the centre of our galaxy is the origin! Who can say that the galaxy and the
universe are stationary? Not only this, if the centre of the galaxy is considered as
the origin to describe any position on the surface, do you realize the extent of
complexities that may arise?

In fact, we don’t need such type of complexities; for our purpose, we can
consider any pomt as the origin, which seems stationary fo us. In this case we
have to mention all the measurements are done with respect to this origin. In this
way scienlists have done all the measurements starting from the nucleus of an
atom to the satellites launched in space, with no problems what so ever!

2.2 Different Types of Motion

We see various types of motions around us, vibrations, rotations and separations
— all these are the examples of different kinds of motions. Probable motions are
unlimited, but if we wish, we can talk about some important types of motion
separately.

Linear motion

It is an example of the easiest type of motion. If anything moves along a straight
line then its motion 1s a called linear motion. If an object is pushed off ona
plane surface then it moves along a straight line. If a ball is allowed to fall from
a height, 1t will fall straight downwards, so it is also a linear motion.
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Circular Motion

When a body rolates about a particular point or a line, keeping the distance of
the particles of the body unchanged, it is called circular motion. Though the
motion of electric fans, the hands of clocks ete. Are examples of circular motion,
a wonderful example of circular motion 1s the moon in the sky. The moon 1s not
tied by to the earth although it 1s revolving around the earth, neither 1s it falling
on to the earth's surlace.

Translational motion

If an object moves in such a way that all the particles of the object travel the
same distance, at the same time, in the same direction then its motion 18 called
translational motion. Sometimes we see many examples of this type in our
surroundings. When something moves in a straight path then its example is very
common. If we do not consider the circular motion of the wheel of a car then
straight advancement of the car is an example of translational motion. At this
time every point of the car will travel the same distance, in equal time, in the
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Figure 2.01: Example of translational motion

There is no obligation that the translational motion will be straight. But the
example of translational motion is not easily available i the case of a curved
path. Figure 2.01 shows how a plane has to move for every point of the plane
travelling equal distances im the same direction. The figure also shows why the
example of translational motion on a curved path is so rare.

Periodic Motion

If the motion of 4 moving object passes repeatedly through a delinite point in
the same direction in the same manner in a definite interval of time, then this motion
is called a periodic motion. The time interval over which this repetition occurs
18 called the period of the motion. In a periodic motion, a moving particle
traverses each pointin its path with the same speed afler each period.
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The vibrational motion of our heart is periodic, since it vibrates in the same
direction in the same manner after a definite interval of time. The periodic
motion may be circular (metion of the blades of a fan). hyperbolic ( orbit of
Haley's Comet around the sun) or linear ( oscillatory motion of an object hanging
from a spring).

Figure 2.02 : Example of simple harmonic motion

Simple Harmonic Motion

Simple harmonic motion is a special type of periodic motion. In case of
oscillatory motion the object oscillates on both sides of a definite point. This
specific point is called the equilibrium point. At the extreme ends ol'its path, the
particle's velocity is zero. As the particle moves from one end toward the equi-
librium point, its velocity gradually increases, reaching a maximum at the equi-
librium point. As it continues toward the opposite end, its velocity decreases
gradually untilitagain becomes zero. The particle then reverses direction, moving
back in the same manner until it reaches the original end and briefly stops. This
entire process takes one period. This pattern of the motion gets repeated
There are so many examples of oscillatory motion around us. The motion of an
object hanging from a spring is an example of oscillatory motion. The
oscillatory baby on a swing (Figure 2.02) or the pendulum of a clock are the
examples of oscillatory motion. When we speak, the air molecules carry the
sound forward by this type of motion.

So far we have discussed some special types of motion but the causes of these
motions have not been mentioned anywhere. The major success of physics is
that not only can 1t find the causes of the different types of motion of objects but
it can also explain the motion very clearly.

Can you guess the cause ol the motion?
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2.3 Scalar and Vector quantities

37

In the world we know anything that can be
measured is called a quantity. Joy and sorrow
are not quantities but temperature is a quantity.
Because joy and sorrow cannot be assigned a
value by measuring them but temperature can
be given a walue by measurement. The
temperature of your body is 37°C or 98.4°F. To
express temperature a single number is
suflicient. but there are many quantities which
cannot be expressed by a single number
completely; with its magnitude its direction has
to be mentioned or more than one magnitude
has to be mentioned so that they altogether can
express defmitely the magnitude and direction

//fi\

Figure 2.03; Vector A and vector
B are equal i all respect although
i different position, veclor C 1s

different from A and B, because
their magnitude Is
direction 153 different. Vector D is
different fom €, because
direction 15 sume but their
magnitude 15 not same

of the quantity. Position is a guantity of this
type; to express this only the distance i3 not
sufficient; 1ts direction has to be mentioned
too. The quantity which can be expressed only
by a single number is called a scalar
quantity, on the other hand the quantities
for which direction has to be mentioned in addition to its magnitude are called
vector quantities.

Besides temperature examples of scalar are time. length and mass. Because they
can be expressed by a single number only. Besides position you will find the
other examples of vectors are velocity and force. You will be introduced with
velocity and force in the next chapter. Because fo express these quantities,
direction is to be mentioned along with its magnitude.

To differentiate vector quantities from scalar quantities they are written in bold
font (e.g. x, ¥ or A, B). In books or in computer printing it is easy to write
anything in bold form. But when anyone writes on a paper then to express
anything as vector, a small arrow is used over it ( %,V or 4,8 ).

same bt

In this book the physics you will be taught will not involve application of
vectors. Al best you will be reminded which one 1s scalar and which one is a
vector.
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2.4 Distance and Displacement

We are quite familiar with the word ‘distance’ but we do not use the word
‘displacement’ in our daily life. We want to understand the relation between the
two words- distance and displacement with the help of an example. A curved
path is shown in figure 2.04. The distance travelled with respect lo the point A
is denoted by the number 1, 2, 3 in kilometer.

Let us consider you are al point A (i.e.
your posilion 1s point A). Now you have
reached point B by 4 km way by
riding a bicvele along the curved path.
We can say the distance between point A
and point B is 4 kan. Distance is a scalar
quantity, so to express the dislance
between the points A and B we need not
mention any direction. We determined
the *distance” of the point B along this
path with respect to the point A. Now if
we desire, we can determine the
‘displacement’ of point B with respect
to point A. By displacement the position
of point B with respect to point A is
meant. This can be expressed as AB as well,

In the figure the displacement is shown by a straight line from point A to point
B with an arrowhead. In this figure the magnitude of the displacement is 3 km
and the direction of the arrow is in the direction of the displacement. Therefore
displacement is a vector quantity; it has both magnitude and direction.

If going two kilometers more by a cycle you cross a six kilometer path total and
reach point C, then your displacement will be the straight line AC with an
arrow, whose magnitude is 1.5 kilometer and the direction of the arrow is along
yvour displacement. Though you covered more distance along the curved path
but your displacement is still small. Therefore the more distance vou cover. the
more will be the displacement is not true. The difference between the initial and
{inal position 1s the displacement.

Starting from the point A, the distance towards point B is 4 km along the
curved path, similarly the distance between point B and point A is 4 km i.e.
both are equal. But notice that the displacement from A te B and the

Figure 2.04 : Curved path trakelied by
a cycle [rom point A.
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displacement from B to A are not equal. One is negative of the other, In vector
form we can write,

AB = —BA

Distance or displacement, both have the dimension of length.

[Displacement] = L (vector)

[Distance]= L (scalar)

2.5 Speed and Velocity

Roughly we know what is meant by velocity, The measurement of how fast a
body is moving is called the velocity. In physics, velocity has a definite
meaning and in addition to velocity we use another quantity named speed. If we
have understood the two terms distance and displacement properly. then we will
be able to understand two terms speed and velocity very easily.

Speed is the rate of change of distance with respect to time. Therefore, if you
have coverad 100 m distance in 20 second, your speed will be;

E he dimension of speed [y] = 71 j

Velocily is the rate of change of displacement with respect to time. Therefore, if
the change of vour position along a certain direction is 50 m in 20 second, then
magnitude of vour velocity will be;

_50m
T 20s
And that certain direction is the direction of velocity.

As velocity is a vector quantity, we will have to fix its direction,

v =25 m/s

E‘hc dimension of velocity [v] = LT‘i]

Here, one thing has to be noticed. If we consider only linear motion, then there
is no difference between velocity and speed, the magnitude of velocity 1s the
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speed. To understand the internal relationship between speed and velocity, some
examples discussed:

To explain distance and displacement we considered a curved path i figure 2.04
and showed different positions in that path. To have an understanding about
speed and velocity, we can consider the same example. Bui now we have to tell
how much time you have taken for going from one position to another. Suppose
you have taken 20 minutes for coming from position A to B by ¢yele. Then your
average speed will be:

Average speed = distance travelled/time

Therefore, 4lkm 4% 1000 m

Y= 20 minutes . 20 x 60
Notice that, we have used the word average speed instead of the word
speed. Because, while vou are riding the cycle, sometimes you rode fast and
sometimes vou rode slow. So we cannot talk about the ‘instantaneous® speed,
rather we can talk about the average speed in the time interval,

=3.33m/s

Let us try to determine velocity now. Like speed, we cannot calculate
mstantaneous velocity. In this time interval, vou rode the cycle at different
velocities. The velocity has changed due to the motion being fast or slow. Again
the velocity has changed due to the change of direction. Considering these
changes. the magmtude of the average velocity will be:

Average velocity = displacement/time
Magnitude of average velocity = Magnitude of displacement/time

3km  3x1000m

Therefore, P = -
20 minutes 20x 605

5 m/s

In this example you have noticed that the value of the average velocity is less
than that of the average speed. If the path was straight rather than curved, then
the magnitude of the average velocity would be equal to the magnitude of the
average speed.
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In our example, if you rode your cycle always at the same speed then we say
your speed is uniform speed. When anything moves with uniform speed then its
instantaneous speed and average speed will be the same.

Notice that. since the path 1s curved, if you go through this path vour direction 1s
changing continuously. Therefore you can move with uniform speed through
this path but you cannot go with uniform velocity. If anything moves in a linear
motion along a straight line, only then uniform velocity or constant velocity is
possible.

@ Example

Question: Let us consider another example to understand the relation between
velocity and speed more clearly, Tie a small piece of stone with a string and
rotate it around head (figure 2.05). Does the stone move with uniform
velocity or with uniform speed? Or with uniform speed and uniform velocity?

Answer: Il you think for a while vou
will be able to understand that the
speed of the stone is not changing but
the velocity 1s changing at every
instant! Because at every instant the
direction of motion of the stone is
changing. I the stone moves along a
straight line, then the direction of its
motion will not change. Since it is
revolving, its direction of motion is
changing continuously, So il 18 an
example of uniform speed- not of
uniform velecity, If it is uniform

velocity, then it must be uniform
speed. Whereas for uniform speed it 1s not guaranteed that the wvelocity will be

uniform.

Figure 2.05 : Incase of rotation of a
stone ued with strmg, veloeity might be
changed though speed 14 same.

Question: If the stone is suddenly released. will it move with uniform velocity
and with uniform speed?

Answer: If the stone 1s released suddenly, it will move straight with uniform
velocity and uniform speed. It will continue to move with uniform velocity and
uniform speed if there 1s no air friction or gravitational force ele.

Forma-6, Physics, Class 9-10
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2.6 Acceleration and Deceleration or Retardation

When an object moves with uniform velocily 1t has no acceleration. If there 1s a
change of velocity, then there is an acceleration. More clearly, we can say, the
rate of change of velocity with time is acceleration.

Since velocity has both magnitude and direction, the change of velocity can
occur in two ways, In our previous example, when you rode (vour bicycle along
the curved path. the change of velocity occured at every tum and you ars
accelerated. Although you travelled the whole path with uniform speed,
acceleration took place due to change of direction only. If you tied a stone with
a string, as in the previous example, and rotated it over your head with uniform
speed then the rotating stone would change its direction of motion continuously.
That is, change of velocity will occur and acceleration will takes place.

IT your motion 1s linear, then there is no scope of changing the direction. Then
acceleration may occur only for the change of magnitude of the velocities
(speed). When the magnimde of the velocity increases, then we can say
positive acceleration is taking place along the direction of the velocity. If the
velocity decreases, then we can say negative acceleration or deceleration is taking
place. Now we can delermine the acceleration of an object moving along a
straight line.

@ Example

Question: In figure 2.06 the change of
velocity of an object with time is
shown. TIdentily where there 1s
acceleration and where it is absent.

velocity

Answer: There is acceleration at A; at
B there 1s no acceleration. At C, there is
acceleration: at D there 1s negative
acceleration or deceleration. time

Figure 2.06: Change ol velocity of an
object with tme
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In this chapter we will discuss only the linear motion ie. if the change in
magnitude of the velocity occurs then only acceleration will takes place.

Acceleration is the rate of change of velocity with time. If the acceleration is
uniform i.e. it will not change with time, then we can write;

(final velocity-initial velocity)

acceleration = -
time

If the velocity of an object at a certain time is u and after time t the velocity
becomes v, then the acceleration a will be;

v—1u
ﬂ —
t
The dimension of acceleration: [a] = LT*
Unit of acceleration: ms %

When the acceleration a is known and if the initial velocity is u then afler time ¢
it is very easy to [ind the final velocity v (Figure 2.07). The [inal velocity is,

[v=1n+atJ 2

If the object starts its motion with an

acceleration from rest, then
v = at . t

velocity

In the meantime all the discussions done 1
so for are true for uniform acceleration.
1f the object does not move with uniform
acceleration. then it is not so easy to
find the acceleration from the initial
and final velocities.

Figure 2.07 : Increasing velocity of an
abject which 15 moving with uniform
acceleration, started from rest.

The examples of motion we see around us, such as the motion of & car, train or a
bicycle etc, have their accelerations as non-uniform almost all the time. For
example, il a car starts its mouon from rest and increases its velocity gradually,
then starting from zero its acceleration reaches a particular value. When the car
attains its peak velocity, then its velocity does not increase any further and
theacceleration becomes zero again. If the car reduces its velocity and ceases it
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motion, then retardation starts. If the car ceases its motion, then both its veloeity
and acceleration become zero. You may think that the examples of uniform
acceleration are rare.

There is an amazing example of uniform acceleration which we see in our
surroundings. That is the acceleration due to gravity. Near the earth’s surface. the
value of this acceleration is 9.8 ms™. If we release an object from rest from above the
earth, then its velocity increases according to the equation v = gif.

2.7 Equations of Motion

Since we discuss only linear motion, the quantities we have talked about so far
are:

w: initial velocity

a: acceleration

t: elapsed time

v: velocity afler elapsed time

5. distance covered in elapsed timed

Almost all the relationship among these quantities, are done already, only one is
left, which is the relationship for the distances. If an object has no acceleration,
then there is no change in its velocity. Then the initial velocity and the final
velocity will be equal i.e.(v = v). Therefore the distance covered will be,

5 =vt
If there is uniform acceleration, the final velocity is:
v=u-+at

This equation shows that the wvelocity is changing with time. The entire
duration is divided mto many tiny equal mtervals. the distance covered in each
small interval will not be the same, This is because the particle's velocity chang-
es constantly due to acceleration. However, to calculate the total distance trav-
eled, these varying distances must be summed. Calculus, a specialized branch of
mathematics, 1s used to perform such calculations. Iowever, if the particle's
acceleration is uniform, it 1s possible to determine the total distance traveled
without using calculus
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Science the velocity is changing every moment hence we cannot write the
equation s = v/ but if we consider an average velocity F then we can write

g =Vt
In the case of a uniformly accelerated
particle, the average velocity over a 2 R P
specific time interval is equal to the veloe- < *
ity at the midpoint of that interval. '§ Vv
F g
u+v  u+(u+at)
u — - —
2 2 L] vz 1
time (5)
V=u+—-at
2 Figure 2.08: Average velocity is the

mid time velocity of the initial and
final velocity,

Therefore the wavelled distance 1s.

s =Vt
(+1 !:)t
EF=1uU =l
2
t+1 t?
5 =1u =L
2

Inall the equations of motion we have already deduced the time 1 is present. We
can deduce another equation in which f 1s absent.

Such as:

v=u-+dt

1
vi=(u+at)’=u? + Zuat + a?t> = u® + Za (ui: +Eat2)

[1?2=u2+2as ]

2125
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Although this equation looks like another general equation, there is some amazing
physics hidden in 1t. which we will reveal in the fourth chapter.

@ Example

Question: The velocity of a car is increased by 60 km/hour within 1 minute of
starfing from rest. What 1s 1is acceleration?

Answer: From now we will use the unit of time in second (s) instead of minute
or hour and [or distance meter (mJ will be used instead of mile or kilometer.
The {inal velocity of the car is

km 60 x 1000 m

=60 =
¥ hour 60 x 605

= 16.67 m/s

So the problem is like this, a car attains a velocity of 16.67 m/s in 60 s starting
from rest, what 1s its acceleration?

v = at

v 16.67m/s
== - 0278 m/s
" 60s mys

Question: A car 1s moving with a velocity of 60 mile/hour, suddenly its engine
stops. It takes 5 minutes to come at rest. What is the deceleration of the car?

Answer: When there is acceleration, velocity increases, where as velocity
decrease of when there is negalive acceleration or deceleration.

Again we will use s for time and m for distance.

1 mile = 1.6 kim = 1600 m
Initial velocity of car,

miles 60 x 1.6 % 1000 m

- 60 =
" hour 60 X 60 s

= 26.8m/s

Final velocity of car, v=10
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Acceleration,

'ﬂuu_l]—-ZEi.BmHs

= T T 300s

= —0.089 m/s?

Thus the acceleration of the car —0.089 m/s? or deceleration 0.089 m/s?

Question: The velocity of a bullet is 1.5 kan/s. It has penetrated 10 cm of a wall.
Whalt 1z the deceleration of the bullet?

Answer: The only way to solve this problem 15 to use the formula
2 =u? - 2as
Final velocity, v = 0

10
0 = (1.5 1000)% — 2a (_)

2 100
1.5 % 1000
= ( == ) = 11,250,000 m/s?

Deceleration: 11,250,000 m/s? (or acceleration: —11,250,000 m/s?)

2.8 Laws of Falling Bodies

We have already mentioned that an amazing example of uniform acceleration is
acceleration due to gravity g. Due to its efTect an object falls downward when it
1s released from above the earth surface. Observing these types of falling bodies
Galileo invented three laws. The laws can be used in case of bodies falling
freely. The laws are as follows:

& . v o 5 ; :
First law: All bodies falling from rest and from the same height without an}?'
resistance traverse equal distance in the same time.

Second law: The velocity (v), acquired by a freely falling body from rest in
a given time (1) is directly proportional to that time. 1.e.v o t

Third law: The distance (f) traversed by a [reely falling body [rom rest in a
given time (f) is directly proportional to the square of the given time. i.e.

kh Tl 2
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We have mentioned earlier that the acceleration due {o gravity is an example of
uniform acceleration. The equations we have deduced about motion, can be used
to deduce the equations of motion of the falling bodies. In case motion s was used
to indicate the travelled distance, for a falling body we will use h to indicate height.
For acceleration we will use g instead of a. These two will be the only difference!

v=u-+tgt

1 2
h=ut+§gt
w2 =u?+2gh

The three laws of falling bodies of Galileo are nothing but these equations of
motion of falling bodies.

The first law states that all objects released from the same height will reach the
ground at the same time i.e. it does not depend on the mass ol the objects. This
does not go with the experience of our daily lives. If a piece of paper and a piece
of stone are released from the same height, at the same time, then the stone reaches
the ground first and the paper reaches the ground later. This happens due to the
resistance of air. If the experiment is done in a vacuum tube then both the paper
and stone will reach the ground at the same time. Galileo's first law can be
understood from the equation of falling bodies. This is because there is no mass of
object in the equations of velocity and traversed height. That is the acceleration
due to gravity acts equally on both heavy and light objects. So the freely falling
body traverses equal distances in the same time.

The second law of Galileo 1s the law of merease of velocity due to g. If the mitial
velocity u is zero then velocity v is proportional to g. Galileo's third law is nothing
except the equation of A. In this formula ifwe consider =0 then we see that
raversed distance / is proportional to o

@ Example

Queston: A good pace bowler of ericket can throw a ball with a velocity of
| 50km/hour. If he throws the ball vertically upwards, how high will it go?
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Answer:

150 x 1000 m
150 km/hour = T 41,67 mys

Acceleration due to gravity will act as retardation when the ball is thrown
vertically upwards. The ball eventually comes to a stop. If the height is
expressed by /i then,

v? =u®—2gh
v=0  u= 41.67m/fs, g = 9.8m/s?
B u* B (41.67)?
T 29 2x98
[The ball will approximately reach the roof of a 30 storied building]

Therelore. m= 8859 m

Question: When a space ship revolves round the earth then its speed is very
high and is nearly 10 km/s. If a cannon ball 1s fired at this velocity straight upward
how high will it go?

Answer: Lel us try like with the cricket ball, only the initial velocity will be
10,000 m/s instead of 41.67 m/s.

10,000)2
Therefore. fiiei %QTEL]H = 5,102,000 m = 5,102 km

Though it is [elt thal there 1s no mistake anywhere but actually the answer Is nol
correct. This is because we have considered the value of acceleration due to
gravity is 9.8 m/s% this is true for the distances near the surface of earth. But if
we go far from the earth the value of ¢ will decrease. When we deduced the
equation

v =u®—2gh

then we considered that the value of g is not changing. Tt is not true for this
problem. So what we have learned till now, that knowledge cannot be used to
solve this problem. If we cannot solve it, there will be no loss; because if
anything is thrown upwards with this high velocity it will be bumnt due to air
fricrion!

Forma-7, Physice, Clags 9-10)
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@ Do yourself
4 )

Determination of velocity and acceleration at any time from a time-
distance graph.

(Motion and Graph)
We have deduced equations of motion in the previous sections. We have
analyzed the relations between distance travelled, wvelocity and
acceleration. In this section we will analyze the same quantities but only by
graph. We can have a kind of real feelings about different quantities of
motion, if we analyze them graphically.

Table 2:01
Time(s)  Distance (m) | Time (s) | Distance (m)
0 0 11 0 0o
1 1 : 2 5
2 4 || 4 24
3 9 1 1 6 _ 54
4 16 _ 8 96
5 25 | | 10 | 150

We need to mention something here. Whenever we have discussed distanc-
es travelled, wvelocity or acceleration we always considered a
standard situation. We considered that when an object moves. there 1s no
friction and the object does not lose its energy by any other means. That
does not happen in real life. That is why it is not so easy to collect real data
for distances travelled, velocity or acceleration. For performing a real
experiment an air track is used in the laboratory, where an object is kept
[loating m an air layer so (hat no [riction is present. To measure the change
of position of an object with respect to time, electric sparks or electronic
signals are used. We will not get such type of data in our daily lives easily.
For now we will consider that we have collected some data 1n this standard
situation, to use in our graph. Two sets of data have been shown in the table

2023



2023

Motion

/

2.01 which represents the change of position of an object with respect to

time, We will solve the first set for you and vou will solve the second one by
vourself.

|
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Figure 2.09: Finding velocity - time from distance - time and
accelerntion - tme [tom velocity-time graphs are drawn.

The distance — time graph of the first data set of the table is shown in figure

31

2.09. We have taken data in integer form. From the graph we will be abley




22

éﬂd the distance of any time from 0 to 5s. For example the distance of ﬂb

Physics

object In 2.5 second is approximately 6.23m. It we have a velocity versus
time graph, from there we can find the velocity easily, Velocity of an object
is the rate of change of its position. So we can see from the graph the object
has travelled a distance of 0 m to 1 m in 0 to 1 second. Therefore the average
velocity at this time,

(1=0)m
- 1s
We can use this average velocity for the mid-time value of 0 to 1s. Similarly
the average velocity within 1 to 2s is.

=1m/s

We can use this velocity as data for the time 1.5 s within 1 to 2s. Similarly
we see the average velocity between 2 s and 3 s 1s 5 m/s, between 3 and 4 5
1s 7 m/s and between 4 s and 5 s is 9 m/s. We see these data points are on a
straight line on a graph paper and we can connect the points by drawing a
straight line. Although we have put the data for time 0.5, 1.5,2.5,3.5and 4.5
s, but we can find the velocity at any time after drawing a straight line
through these points. For example at tme 3 s the velocity 18 6 nv/s.

We will be able to find the acceleration in the same way after drawing the
velocity -time graph of figure 2.09. Acceleration is the rate of change of
velocity. Since the velocity- time graph is a straight line, so in this case we
will get the same value of the acceleration at any point on the graph. For
example the rate ol change ol velocity in between the time 2 s 10 3 s s,

_(6—-4) m/s B 4
T = E =Zm/s
For any other time if we calculate the acceleration, the same value will be
found. It is shown in the acceleration- time graph in figure 2.09.

\ % ¥
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Therelore. you have seen that we have found velocity or acceleration
at any time starting from the distance- time graph. To more accurately
we draw this graph, the more precisely we calculate those quantities.
Now, use the second set to calculate velocity and acceleration from

\ eraph.

Investigation 2.01
-

Determination of the average speed of an object rolling over a slanting
plank.

Objective: To determine the speed for the same distance travelled on
different slopes and then to find relation with slope with the help of graph.
Apparatus:

L. A plane plank or bench or table.

2. A ruler or meter scale.

3. A marble or a cylindrical pen or a pencil which can roll.

Figure 2.10: A marble 15 allowed to roll on an inclined plane
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/l;mcedu re: ﬁ\ﬁ

L. Taking a plank or a bench or a table, measure its length (L) by a ruler or
meter scale. This distance will be the distance travelled by the object.

2. By placing a book under one end of the plane plank or bench or table let
us make it inclined. Measure the height (h) of that end Dividing height
by length, find the slope (sinf = h/L ).

3. Put a marble or a peneil or a pen on the inclined plane and make sure
that it can roll.

4. You have to measure the time taken by the marble to travel the length of
the inclined plane. A stop watch is needed to measure the time accurately.
But it is unlikely to have a stop watch available. (Now a days stop watch
option is available in many mobile phones. You use the method given
below). 1If vou have a normal watch instead of a stop watch. you will be at
a disadvantage. Because normal watch cannot measure less than a second.
We need to measure more accurately. If we have no stop watch. we can try
to measure the time by other means. How many numbers (one, two,
three,.....) can you count in fifteen seconds at normal speed?

Let us consider 1f you count up to forty five in fifteen seconds. then we can
assume (o utter every number in approximately 1545 = 1/3 second.

Let the marble or pencil or pen move on the inclined plane and start
counting one, two, three and so on. Up to which number could you count
for the the marble, pencil or pen to reach the lower end of the inclined
plane. Calculate the actual time by multiplying with the approximate
multiple.

5. Repeat the experiment several times and calculate the average time.

6. Calculate the speed, dividing the length of inclined plane by the average
time. This is average speed.

7. Increase the slope of the inclined plane by placing another book.
Measure the new height after placing the second book. Calculate the slope

\J’Pr this height. _/
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ﬂ. Let the marble, pencil or pen roll on the inclined plane again. Measure \
the time by counting the numbers and calculate the speed again. Increase
the slope gradually and calculate the average speed every time.

9. Draw a graph by plotting sinf along the X-axis and average speed along
Y-axis. From the graph calculate the speed for any slope.

Nu..uf Distance L! Height h |5in@ = Time t Spﬂed:M T[;a =
Readings| ) em | h/L s meTmE m/s
1 :

2

3

3

2

3

1

2

3

Discussion: Describe the relation between slope and speed?
Dlscuss what necessary measures should be taken to perform the experinent
mth miore aceuracy”? =

. ]J]vestlgatmn 2.02

Play ing with different kinds of motion. i
Objective: To find the dilferences among different kinds of motion
through games.

Requirement : Small open space.

Procedure:

1. You have to select definite activities to explain different kinds of
motion.

Linear motion: You have to run straight. if vou face any obstructions
you have to turn back and go straight again.

Rotational motion: Spreading vour hands on two sides starts 11:!1:5]1'11%H
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/ Translatory motion: Looking in a particular direction move back Hﬂh
forth and lefi and right.
Periodic motion: You have to run along a circular path and repeat
several times,
Oscillatory motion: Raise your hands and oscillate ther left and right.

2. Those who are interested in plaving this game will stand scattered
around the room.

3. An instructor will loudly say the words linear, rotational, translatory,
periodic or oscillatory motion,

4. Everyone has to perform the activities of the game as instructed by the
instructor. Those who will fail to follow the instructions will be
knocked out.

5. The instructor of the game will utter different motions at different
times and the boys and girls have to act out that motion.

The person who will be able to demonstrate all kinds of motion perfectly,

he or she will be declared the winner.

Keeping the fundamental characteristics of the motions unchanged, the

activities of different motions can be changed as necessary. For example,

the instructions may be given to demonstrate two different motions at the
same time. In case of linear and oscillatory motion the participant have to
run straight by oscillating his or her hands lefl and right.

Discussion: Write down some addiional names of different motions

which can be demonstrated. /

Investigation 2.03

ff['u determine the speed of moving vehicles. N
Objective: Determination of speed of different kinds of vehicles by
measuring the distances travelled at different times.

Apparatus: Ruler.

Working Procedure:

1. To determine the speed of a vehicle, at first you have to measure the
distance between two stationary objects beside a road (e.g. light post, Tree.
shop etc). Measurement of distance very accurately may be complex that’s
why we will use a simple way 1o do it. At first you have to measure the
distance of your step by a ruler. (Measure the distance of ten steps and

.Q:Ijvicle it by ten to make it accurate). Y
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(2. Now walk from one stationary object to another object on road sid\.“
Count the number of steps you need to travel the distance and
multiply it by the distance of your single step to calculate the distance. It
will be better if the distance is approximately hundred meters.

3. Now try to measure the speed of a bicycle, rickshaw. tempo or a
pedestrian staying at a safe distance beside the road. Since the distance is
known, you can measure the required time, then speed can be calculated.

4, To measure the time accurately a stop watch 1s required, or an ordinary
watch will meet up the purpose instead of a stop walch. If you have none,
vou can use an easy method to measure the time. It takes almost one

second to utter the words “one thousand one”, “one thousand two”, “one
thousand three” etc. Counting like this we can measure it.

5. When you will see a cycle, rickshaw, tempo or a pedestrian just passing
the first stationary object. you start to count time with a watch, or start
counting “one thousand one”, “one thousand two" and so on. Again when
you will see this vehicle just passing the second stationary object. you
see the time on the watch or stop counting the numbers. Find the required
time from the watch or up to which number of words you have counted,

This is the ume to travel the distance.
Calculate the speed dividing the distance by the time.
Discussion: Compose your procedure of measuring time with the time of

a walch and see how accurate is il. Guess the percentage of error of your
calculated speed considering the degree of accuracy of your step

measuring procedure.
' Distanced - : i=|
: T Avera eed -
Vehicles | No. of steps uavelled e s
L (m) t (s) L/t (m/s)

\_ J

Forma-8. Physgics, Class 9-10
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2. Velocity is changing but speed is not changing. Is it possible? If possible show

Physics

® Exercise

@ General questions

Velocity 1s zero but acceleration is not zero — 15 it possible? If possible,
explain.

it.

3. The acceleration due to gravity on the moon is 6 times less than that of earth.

4.

5.

If a stone is released from a definite height towards earth, at which velocity it
will hit the ground, if the same stone is released from the same height.

Is there any place from where you go | km south and then 1 km east,
continuing 1 km north will you reach the same place?

Do we travel double the distance at double the time in case of uniform
acceleration?

. Mathematical question

I3

1. From your school a car has gone 40 km east, then 40 km north, then 30 km
west, then 30 km south, then 20 km east, then 20 km north, then 10 km west,
then 10 km south. In which direction and how far is the car from your
school?

. Show when velocity and acceleration become positive, negative or zero on

the portions OA. AB, BC and CD in figure 2.11.

. If position is plotted along the Y- axis instead of velocity then what would be

the value of velocity and acceleration on the portions OA, AB, BC and CD
in the figure 2.11.

. The velocity of a car is 30 lkm/hour, afier | minute the wvelocity of the car

becomes 50 km'hour with uniform acceleration. What 1s the distance
travelled by the car in this time?

. You have thrown a ball verticallv upwards at 10 m/s. How much height will it

attain in what time?
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%% Multiple choice questions

Put the tick (v ) mark on the correct answer

I. What is the unit of acceleration? & )H—ck
a)ms’ b)ms? g - A
¢)NS  d)kgs? o P
2. What type of motion do the hands ol a 1,
clock have? o
a) linear motion b) elliptical motion time
c) periodic motion  d) vibratory motion Figure 2.11

3. The distance traveled in a given time by a freely falling body from rest will be

a) proportional to the time
b) propertional to the square of that time
¢) Inversely proportional to that time
d) proportional to the square root of that time
4. Abody moves with a uniform acceleration starting from rest. What will be the
distance travelled by the body at a given time?
() s =%
(i) s = ut + %ncz
(ili) s =ut+ 2at?
5. Which of the following is the correct?
a) i b) i )il & 1ii d) i &ii
5. Which of the velocity-time graph below represents the graph of a (reely

falling body?

itme 0 fime

velocity
velocity
velocity
velocity

=

0 time 0 Lime

Figure 2.12
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Creative question

l. Rajib with his family members started for Jaflong in Sylhet by
microbus.He recorded the magnitude of the velocity 1.e. speed of the car from
the speedometer after every Smins throughout the journey. The magnitude of
velocity he gol per hour was 18,36,54,54.54 36, and 1§ kilometer.

(a) What is instantaneous speed?

(b) Explain the acceleration of an object moving with uniform velocity.
(c) Find the distance traveled by the car in the [irst Smin.

(d) Draw and explain the velocity-time graph from the collected data.

2. An object of mass m is moving with an acceleration a. Iis mitial velocily is u,
final velocity v and the distance travelled in time ¢ is 5. The state of motion of the
object 1s given in the table:

Noofowrt| um/s) |V (/) [t |sm |atmsd)
1 10 30 5 - =

2 5 20 4 44 3

(a) Define acceleration.

(b) Why 1s the acceleration due to gravity the example of uniform acceleration?
(¢) Calculate the value of 5 for event no.1 m the table.

(d) Comment on event two through mathematical analytical perspective.
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Chapter Three
Force

Weight lifting by South Asian Games gold medal winner
Mabia Akhfer Stmanta

We discussed the motion of objects in earlier chapters but the reason behind
motion was nol discussed. In this chapter we will see that motion is created due
to force and will also discuss about three devises laws of Isaac Newton regarding
force. At the time of discussion of how force acts on a body, very naturally topics
like different types of force, mertia of body, nature of force, fmctional force ete
come into the discussion.
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@ By the end of this chapter we will be able to-

« explain the inertia of object and the qualitative concept of force by
applying Newton’s first law of motion.

» explain the nature of fundamental forces.

* explain the influence of balanced and unbalanced forces.

e analyse the influence ol lorce on the motion of an object.

* measure the force by applying Newton’s second law of mation.

* explain the action and reaction force by Newton's third law of motion.
analyse the influence ol motion and force on sale travelling.

e explain the conservation laws of momentum and collision.

« explain different types of frictions and frictional forces.
analyse the influence of friction on the motion of an object.

* describe the means to increase or decrease friction.

o explain the positive impact of fiction in our daily lives.
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3.1 Inertia and Concept of Force- Newton’s First law of motion

In the previous chapter we have learned about velocity, speed, acceleration (and
deceleration), elapsed distance and their mutual relationships. We have deduced
the equations of motion and applied them to solve problems related to motion as
well. In this chapter we will learn how motion can be created or motion can be
influenced by applying force. We may begin with Newton’s First law.

fr Newton’s First law of motion: Newton’s [irst law of mation can be\'
expressed as-
A stationary object will remain stationary and an object in uniform motion
will continue its uniform motion unless a force is applied to it. (Since
velocity is a vector quantity, for uniform motion the object will not change
its direction of motion: it will move along a straight line at uniform speed.)

% /

The [irst part of Newton’s first law is not diflicull to understand because we
always observe that the bodies at rest remain at rest and do not move until they
are pushed. The problem arises from the second part, because we never observe that
a body in motion keeps its perpetual motion for ever. If motion is produced in a
body by pushing it, we observe that the body comes to rest il no force is applied.
From our daily life experiences it seems that to keep a body in uniform motion
we have to apply force on it continuously. Form Newton's first law we learnt
that it is not true. If a body in uniform velocity stops then we have to realize that
torce has been applied by some means. I'riction, air resistance etc. actually stops
a moving body by applying force in the opposite direction. If all these forces
could be withdrawn, then we would find that a body in uniform motion keeps its
perpetual motion [or ever.

3.1.1 Inertia

The characteristic that a stationary body wants to be stationary or a body in
motion wants to keep its motion, unless a force is applied, is called inertia. When
a car at rest suddenly starts moving we move backwards, this is an example of
mertia. The lower part of the body is attached to the car. When the car starts
moving, the lower part of the body moves with the car bul the upper part of the
body is still stationary and tends to remain stationary. So the upper part of the
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body move backwards. Since this inertia is due to the tendency of rest, this is
called inertia of rest.

When people get down from moving bus, train etc we see they [all downdue to
the inertia of motion. The whole body of the person in a moving train or bus is
in motion. When his or her leg touches the ground, the lower part of his/her
body comes to rest, the upper part of the body keeps moving forward due to the
inertia of motion. So the person falls down.

@ Do Yourself

Keep a card on a glass. Place a metal coin on the card and {lip the card and
displace it. The coin will fall into the glass.

You definitely observed it that the object with higher mass cannot be displaced
by higher amount by the application of an equal amount of force. But a body
with less mass can be displaced easily. Or otherwise we can say, if the mass is
increased then inertia is increased as well.

@ Example

Question: The two graphs illustrate the values of position and velocity with time
in figure 3.01. explain where and for what period force was applied?

Answer: Both the graphs are identical to look, but they contain totally different
information.

(1) In the first graph, from 0 to { or from ¢, to the end, there is no change in
position in these two time intervals, this means there is no velocity, therefore
there 1s no question of change of velocity. This means definitely no force 1s
acting in these two time intervals. From time 7, to 1, there is a change in position,
but the change is at the same rate (since the line i$ a straight line), that means the
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object 1s moving with a uniform veloeity. Therefore. there is no change in
velocity. Therefore, from time ¢ to ¢, no force is applied on the body. At the
instant ¢, a torce is applied on the stationary object to make it move with a
uniform velocity, Again just at the instant ¢,, by applying a force the motion is

stopped. No [orce is applied elsewhere.

Therefore, when 0<t <ty t; <t < f;and t, < { there is no force,

Only when, =1t and = ¢, force 1s applied for a moment.

(ii) In the second graph, the object is in uniform motion; from 0 to # and from

t, to the end, therefore no force is applied on the body during these time

intervals. From time {, 10 ¢,, the velocity is changing at a uniform rate, therefore, delinitely

a force is applied on it.

Therefore, when 0 <t < and f; < t, there 18 no force.

When. t; <t < t; force is applied.

Forma-9, Physics. Class 2-10
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3.1.2 Force

Actually Newton’s first law of motion can be the definition of force. Force is
that quantity the application of which a stationary object start move and a body
moving, with a uniform velocity change 1ts velocity. From Newton’s first law we
can understand, what 1s force but cannot measure it. But from the second law, we
will learn to measure force.

When you use force in vour daily life for different purposes, you may realize that
for the application of some forces it is necessary to come in contact with the
object (e.g. to lift heavy objects with the help of a crane, to push anything or
coming to rest ol moving objects due to friction). Whereas you may have noticed
that for the application of some other forces, it is not necessary 1o come into
contact with the object (falling of anything downwards due to gravitational
force. atiraction by magnets).

3.2 Nature of Fundamental Forces

If you are asked how many types of forces are there on the earth? You certainly
will say, many types. If we push anything this is a force, when a truck carries or
pulls a load this 1s a force, when a tree 1s uprooted due to a storm this is a force,
when a magnet attracts iron this is a force, when houses are blown away in bomb
blasts, it is a type of force, it is a force, when a crane lifts something this is force.
It you are given some time, you can prepare a big list of such types ef forces.

But do you know the amazing matter? There are only four types of forces in
nature, if the forces described above are analyzed, you will find that they are not
outside these four types. Fundamental forces are actually only four in number.
These are; gravitatonal force, electromagnetic force, weak nuclear force and
strong nuclear force.

3.2.1 Gravitational Force

All objects in the universe attract one another by a force due to their mass. This
force is called the gravitational force. Due to this gravitational force the stars are
revolving within the galaxy or the earth is revolving around the sun and the
moaon is revolving around the earth. When the force of gravitation of the earth
works on us, we call it gravity. This gravity attracts us towards the center of the
garth i.e. pulls downwards and due to this pull we feel our weight.
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Force of gravitation is an amazing force ol physics. An object thal has mass
attracts another object by the gravitational force. In this chapter, we shall discuss
the gravitational force a little bit more in detail.

3.2.2 Electromagnetic Force

We have seen, now and then, that when we comb our hair with a comb it attracts
pieces of papers. We have also seen that a magnet attracts or repulses another
magnet. Though we think that electric and magnetic forces are different in
nature, actually the two forces are identical. They only appear in two forms.
Only and this electromagnetic force can atiract and repulse but the other forces
can attract only. cannot repulse. It is so much stronger than gravitational force
(10% times, or trillion trillion trillion times stronger). That the statement is true,
you can definitely guess. Because when you comb your hair by a comb and pull
a piece of paper by attraction, the whole earth tries to pull the piece of paper
by the gravilational force due to its total mass. But the small amount of
electricity in yvour comb defeats the total gravitational pull of the giant garth.

3.2.3 Weak Nuclear Force or Weak Force

It is called weak because it is weaker than the electromagnetic force
(approximately trillion times weaker) but not at all weak like the gravitational
torce. The [orce ol gravilation and the electromagnetic force can acl [rom any
distance but this force acts for very small distance (10-* m). The emission of beta
(@) rays or electrons from a radioactive nucleus is due to this weak nuclear force.

3.2.4 Strong Nuclear Force

This is the strongest foree of the universe; this is hundred times stronger than the
electromagnetic force but this too acts at a very small distance (107 m).

We know the nucleus is situated at the centre of the atom and the strong force
acting between the protons and the neutrons within the nucleus confines them.
Confined due te this strong nuclear force, the nucleus contains an enormous
amount of energy. Therelore by the division of a large nucleus or by the addition
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of small nucleuses a huge amount of energy can be produced due to this force.
For this reason a nuclear bomb has so much energy. By this force light and heat
is produced in the sun.

According to scientists these four types of forces have the same origin and they are
trying to explain all these forces by a single law. Meanwhile, it has become
possible to explain the electromagnetic force and the weak nuclear force by a
single law. This is a tremendous success of theoretical physics. (Therefore. you
can say, forces are of three types: gravitation, electro-weak and nuclear force.
Nobody will say it 13 wrong). The scientists are trying to unify the other forces
too by a single law.

3.3 Balanced and Unbalanced Forces

Force is a vector quantity: therefore. if a force is applied on an object then it is
possible to cancel that [orce by the application of another force from opposite
direction. Then we say that the forces are balanced. When two or more forces are
applied on an object and if the combined resultant force of the forces becomes
zero then the body hag no acceleration.

In figure 3.02 it is shown that an object 18 suspended with a thread. The force of
attraction (i.e. weight of the object) of the earth on the object is acting vertically
downwards. Again another force i.e. the tension of the thread is acting vertically
upwards. Here two forces are acting in opposite direction thus canceling each
other’s action and producing a balanced condition.

Now if the thread is cut then the tension of the thread T will not work on the
object. Only the force of gravity of the earth or weight will be acting downwards.
Here, the force of gravity or weight of the body is the unbalanced force. Owing
to this unbalanced force, the object will fall down with the acceleration due to
gravity.
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We can apply an unbalanced
force on the object without cutting
the thread too. If by pulling the
object we displace it slightly
along one side. then the tension
of the thread and the weight will
not work n the opposite
direction. Then the two forces
.e. tension of the thread and
weilght of the body will combine
and produce a resultant force,
When the object is just released.
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Figure 3.02: The force is balanced in the first

figure. In second [igure, as goon as the pendulum

i5 released; a resullant force will acl, so the
pendulum will start movement.

this resultant force will start working on the object and the body will oscillate.
This 1s another example of the unbalanced force.

Three l[orces together can produce the balanced condition too. If' a heavy book is
tied by a rope and pulled by the two terminals of the rope from two sides, it is
possible to suzspend the book in a stationary state (Figure 3.03). Since the book
is in the stationary state, consequently here the weight of the book W and the two
tensions of the rope T, and 7, combine to produce a zero resultant force.

Figure 3.03: No matter how strongly you pull the two ends of the rope, vou
can never make it completely straight, because then the weight of the book

cannol be neutralized.
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Do yourself

Tie a heavy book by a rope and try to make it compleiely straight by
pulling it from the two ends. No matter how much force you apply from
both ends of the rope. you can never make it completely straight. Because
if the rope becomes completely straight then the resultant force cannot be
made zero by neutralizing the weight W of the book.

3.4 Momentum

Let a truck and a bicycle hit a small car with the same velocity. In this collision
which one will damage the small car more the cycle or truck? Definitely the
truck. because the truck 15 much heavier than the cvele. Though the
velocity of the cvele and the truck are the same, but the momentum of the truck
is much more than that of the cycle since the truck has greater mass. Simply, the
momentum 18 defined as the product of the mass and the veloeity. It the mass of
an object is m and its velocity is ¥V then the momentum g ¢an be expressed as:
p=mv

Here the mass is a scalar quantity. but the velocity is a vector. therefore the
momentum is a vector quantity. You may think that generally the mass of an
object does not change, so a change in momenitum may occur only due to the
change in its veloeity. But in a special case we may find that the velocity of the
object has not changed but due to the change of mass, change of its momentum
occurs. You may think, mstead of defining a new term *momentum’, what was
the problem to always treat it as a product of mass and velocity? In general, it
does not create a big problem but in case of a ‘particle of light’ it may create
serious problems. A particle of light or a photon has no mass but it has
momentum! Compared to the mass and velocity momentum is a more
fundamental quantity.

Unit of momentum 15 kg m/s
Dimension of momentum is, [p] = MLT?

[f more than one object are in motion and they are moving at different velocities.

Yy
=
~
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then they have a combined momentum. Due to different velocities of the objects,
they may collide with one another in their path of motion and due to the
collisions their velocities may change. If no force is applied from outside. then
after the collisicn the combined momentum will not change. This statement
is defined as the law of conservation of momentum.

@ Example

Question: If you throw a tennis ball at a wall with a velocity of 10 m/s, it will
bounce back towards you with the same speed. If the mass of the ball is 100 gm,
what is the change of momentum?

Answer: when the ball is thrown, then the momentum is p = mv. After striking
the wall, when the ball bounces back, its momentum becomes p' = -mv.
Therefore the change of momentum:

p-p’ = mv=(=mv) = Zmvy
For this change of momentum, the wall exerts a foree on the tennis ball for a
very short time. In cricket, the batsman hits the ball by the bat for a very short
interval of time and the change of its momentum occurs. We call these six's ora
poundary.

3.5 Collision

3.5.1 Conservation of Momentum and Energy

Let us consider thal two objects ol masses m, and m,, are moving along a straight
line on a plane. Due to the difference of their velocities they collide and hence
their velocities are changed. Now, v and v, are the new velocities of masses
and m, respectively (figure 3.04). Can we find the values of v, and v, after the
collision?

The combined momentum of the two objects before collision = m i +m,u,
The combined momentum of the two objects after collision = m, v +m_v,

Since, no force 1s applied from outside, hence the momentum belore collision
and afler collision will be the same. This 1s the law ol conservation of
momentum, Therefore we can write,
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Mgy + Mally = My 1y +m31?2
Here we have only one equation and two

unknown quantities v, and v,. therefore we _ —p Uz
cannot calculate the values of v and v,. We m: ms

need another equation to determine the

vilues of v, and v,. Fortunately, we have /. PERX
another equation too. In the next chapter. i ' Vrru
when we will learn about energy, we will —_

get the second equation from the law of —+w
conservation of energy. This phenomenon = g

15 the law of conservation of energy. In the ‘ L

next chapter you will find that the lanetic = "

2 . . Figure 3.04: After collision, v, and
energy ol an object can be expressed as : ERCRA AR,
1 4 ; i Vv, are e new velocilies ol masses
7 mu’, where m is the mass and « is the * . "
velocity of the object. We assume that no  / I '
other energy is exchanged here rather than

kinetic energy.

Therefore using the law of conservation of energy, we can write,
1 1 5 1 1

2 - 2 2
2 1=1 2 292 2 I | 2 Z2v2

@ Do Yourself

fﬁaing these two equations calculate the values of v and v, \
We can write the law of conservation of momentum as:
my (uy —v3) = ma(v; —tg)
The law of conservation of energy. we can be expressed as
My (“% == ”iﬂj = 1y [1?% = u%)

Now using these two equations we can calculate the values of the velocities
v, and v,. These are:
(ml - szul =+ 2”1—21-!.2
iy + s

=

_(mg —my)uy + 2myy

\\ V2 = my + m; )/
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From the expressions ol v and v, we see thal il the masses m, and m, are equal
L.e. m = m, then the two objects will exchange their veloeities.
Then, V=, and v, = U,

@ Do Yoursell

Right now you can do this experiment. Knock a stationary marble with anoth-
er marble of the same mass so that 1t collides with the stationary marble.
You will observe that the knocking marble will become stationary and the
stationary marble will move with the same wvelocity as ol the knocking
marble,

Finding the velocities of two objects after collision and using that concept we
will be able to explain the incidents of road accidents easily.

3.5.2 Safe Journey: velocity and Motion

In the next chapter we will be able to understand kinetic energy in detail when
we will learn about energy. But already we know that the kinetic energy can be
expressed by $mu® while reading about collisions. The topic is very important
for discussion regarding travelling. The term kinetic energy conlains the square
of the velocity, this means il the velocity is doubled then energy will increase by
four times. When two cars in an accident collide. then due to this energy both
cars are damaged and the passengers are injured. Therefore to minimize the loss
in an accident. the easiest way is to keep the speed low. In our country, most of
the accidents oceur due fo the speeding of cars. Then 1t becomes dillicult to
control the cars and a huge amount of energy is used up when the accident
OCCUrS,

Let us consider that a head-on collision occurred between a heavy truck (m,)
loaded with stone and a small car (m,) coming with the same velocity. Which
one will be damaged more?

Since a head-on collision occurred, so velocity of the small car is opposite to that
of the truck.

Theretore, if u 1s the velocity of the truck then the velocity of the car is ~u. Since,
the mass of the small car m, is far less than the mass m  of the truck, so if m, is
regarded as zero, the error is not too large and our calculations become easier. (If
you desire, vou can calculate this by taking the mass of real bus-truck and small

Forma-10, Physics, Class 5-10
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car), Taking m, as zero, after collision, velocity of the truck and the small car is

(my — 0)u+ 2 % 0 x (—u)
¥y = =

my + 0
And

0 —my)(—u) + 2
_O-—m)w+2mu

m1+m2

Wa

The result is terrible. After the collision, the truck will move with the same
velocity, Le. it will nol experience the horrible nature of the collision. The
velocity of the small car will be changed from —ir to 3, that means change of
veloeity is 3u- (-u)= 4u, the direction of the velocity of small car will be changed
and it will fly off with four times its velocity in the reverse direction. In this
process the small car will be crumpled and destroyed. The loss of lives of the
passengers will be a very natural consequence. Again, we assume that no other

energy is exchanged here rather than kinetic energy. which is not true.

Therefore, on the roads we have to drive heavy trucks and heavy buses very
carefully, because 1n an accident even though these are not damaged too much,
but the small cars are damaged much more in a head-on collision with them.

@ Do Yoursell

Figure 3.05: Experiment of conssrvation of momentum and ensrgy

Place two adjacent books parallely and put four or five marbles in the
gaps so that all the marbles are touching one another (Figure 3.05),
Hit the row of marbles by knocking with a marble. You will see that if you
strike with one marble on one side, one marble will come out from the other
side; two marbles will come out if the strike s done with two marbles. You
will never be able to bring out two marbles striking with one marble or
@ng out one marble striking with two marbles.
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3.6 Effect of Force on Motion: Newton’s Second Law

In the football ground we always see a plaver kicking a stationary football and
directing i to distant places by creating motion. At the time of the kick, when the
player touches the ball, only at that instant, force is applied on the ball. The
stationary ball goes into motion due to this force.

We can apply force also for a long time instead of just for a moment. By pushing
a stationary go-cart for a long time and we can release it after setting it into
motion. It can move for a while until it ceases 1ts motion due to friction.

The direction of velocity can also be changed by the application ol force. When
a bowler throws a cricket ball towards the batsman, then the batsman can direct
the ball totally in a different direction by hifting the ball with his bat.

In the three examples given above, we see that velocity is changed by the
application of force on an object for a short or a long time. In the previous
chapter we have seen that the rate of change of velocity 1s acceleration.
Therefore we can say, when force is applied on an object, acceleration is
produced. The relation between the force applied on a body and the acceleration
is Newton’s second law,

Newton’s second law: The rate of change of momentum of a body is
proportional to the applied force acting on it and the change of
momentum also takes place in the direction in which the force acts.

If a body is moving with an initial velocity » and the velocity 1s changed (by
increasing or decreasing) {from u to v afler a time ¢.
The change of momentum:

nv=miu

So, the rate of change of momentum:

mv — mu (v —u)
=m =ma
i r
Since, we considered that there is no change of mass, so we can write like this.
Further we know that acceleration is;
v—Uu
) £
Therefore if the apphed force is F. then we can write Newton's second law of

motion as:

a=
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it o F

But we don’t want to express the law in proportional form, rather we want to
write il a8 an equation.

In that case, using a proporuonality constant &, we can write

F = kmua

In case of Newton’s second law it is possible to create an amazing result. Since
the term *lorce” is not explained anywhere, (Newton’s first law gives the concept
only) by using the second law this will be measured for the first time. So, we
have to give a value for the constant: We can say, when Newton’s second law
will be applied, if the proportionality constant is considered as 1, then the
equation we will get is the measure of force. How easily a proportionality
relation is converted into an equation.

Therefore, we can write Newton'’s second law of motion as an equation. If the
force 1s F and the proportionality constant is considered as 1, then

(rem)

That this small and simple equation can make a revolutionary change in the
world of physics 15 difficult to believe.

Unit of force 1s Newton ().
Dimension of force is [F] = MLT 2

We should remember that Newton's second law of motion is true not only for
linear motion, but this is true for any type of motion. We have known about grav-
itational [orce, by using Newton’s second law, we will be able to explain the
motion of the planets revolving around the sun due to the gravitational force. But

in this book, we will limit the use of Newton’s second law only to linear motion.

If force is applied on an object. then by using Newton's second law, ifs
acceleration can easily be determined. (If force is divided by mass, acceleration
can be found). If acceleration is known, the velocity or distance lravelled
can be determined by using the laws of motion.
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Otherwise we can say that if we see an object in motion and can calculate its
acceleration, then if its mass is known. 1t is possible to calculate the force acting
on it.

Now we look at some examples.

@ Example

Question: A force of 100 N is applied on a stationary body of mass 5 kg for 10
s. (a) what will be the acceleration due to this force? (b) What is the velocity
alter 10 5?7 (¢) What is the velocity alter 20 s7 (d) What is distance travelled in
20 s? (e) show velocity and distance travelled by drawing a graph.

Answer: (a) acceleration,

F
a=—=——=20m/s?
m

(b) velocity after 10 s,
v=u+at =0+ 20 x10m/s =200 m/s

(¢) force is applied up o 10 s, since force is applied no more, therefore, after
reaching the velocity of 200 my/s, its velocity will be unchanged. That is,
velocity after 20 5 15 200 m/s.

(d) distance travelled in 20 § has to be determined in two steps. Distance
travelled in the first 10 s,

5, = ut + éati =-x 20 x 10°m= 1000 m

bl I b=t

Distance travelled in the second 10 s,
§ = vt = 200 X 10m = 2000 m

Total distance travelled,

$ =5+ 5 = 1000m+ 2000m = 3000 m = 3 km

(e) Shown in figure 3.06.
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Figure 3.06 : Velocity-Time and Distance-Time graph

Question: A force of 20 N is applied on a stationary object for 10 s and the
object covered a distance of 100 m. What is the mass of the object?

o> 1
Answer: s =ut +Eat2
Here, u=0
25 2100
== m/s? =2m/s’
Again, F=ma
= ) = <0 ke =10k
m=o=g =10k
3.7 Gravitational Force

We have talked about force (which creates acceleration). how it is measured has
been discussed (product of mass and acceleration). But until now yvou have not
been introduced to a real force. In physics, an amazing force is the gravitational
force; a body having mass attracts another body by the gravitational force. Let
us consider two masses m and m, and the distance between them is . Then if the
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force ( Figure 3.07) acling between them 1s F, then

m4in
F = et

z
T
Here, G is the gravitational constant and its value is:

6.67 X 107 Nm?kg>
We have to remember that the mass m, attracts mass m, towards itself by the
force F; also the mass n, allracts mass m towards itself.

Of the two masses, if one is our earth

and we consider that the mass of the r .
earth is M and we let another body of ", s
mass m be kept over the earth’s surlace,
then, the earth will attract the mass m
towards its centre by a force F.

Figure 3.07: Gravitational
force between two masses

mM

Pl

This force is actually the weight of the object. Here, R is the distance of the
object of mass m from the centre of the earth. This is not the distance of mass m
from the earth’s surface. Since the earth radius is too large (approximately 6370
km). therefore the small distances over the earth surface are not considered. The
distance is measured from the centre of the earth because for a spherical body if
it is considered that all its mass is centered at the centre, then no error occurs.
(Because each point of the earth attracts the mass m towards itself and if all the
attractions are assembled, it seems that the total mass is concentrated at the
centre of the earth!)

The mass m experiences acceleration due (o the force of gravitaiion of the earth.
Already we have said that the acceleration due to gravity is expressed by g insiead
of a.

Therefore instead of F = ma we can write,

mM
GR_3= mg
or, y=ﬂ%

Now, the mass of the earth, M = 5.98x10* kg, radius of the garth, R = 6.37%10% m
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therefore.

_ GM _ 6.67x 107" x 5.98 x 10**
IR~ (637 x 106)2

m/s? = 9.8 m/s?

In the previous chapter, we used this value of g in the equations of motion. Now
vou understand why this value of g was used,

@ Example

Question: The height of the space
station from the earth’s surface is
approximately 100 km. What 1s the
value of g there?

Answer: In the space station, if the
acceleration due to gravity is ¢', then

. GM
Y= +m2

Here, radius of the earth R=6370 km.

s ; Figure 3.08: the floating astropat |
and height of the space station. Figure 3.08: the floating astronant in

a space shutlle
i

r=100 km
. GM _ GM g
b =R+r? R +1/R)? (1+r/R)?
! g = P
g = 1016 949 m/s

The value of g' is not zero at all, but why does the astronaut feel weightless (Figure
3.08) there?

If the value of the gravitational acceleration ¢ is known, for any mass m we can
calculate the value of gravitational force very easily. This is,

mM GM
F= E'———*==iTl?€E

R? =il
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Using Newton's second law of motion is quite simple. For each mass, Newton's
second law should be applied in every direction, with the vector sum of forces on
the lefl side of the equation and the mass multiplied by acceleration on the night
side. Since foree and acceleration are vector quantities, both the magnitude and
the direction must be considered. According to the conventions, the quantities
pointing to the right are considered positive. while those pointing to the lefi are
regarded as negative. Similarly, the quantities directed upwards are treated as
positive, whereas those directed downwards are treated as negative.

Here, the tension Ton the sting acts to the right on i T

the mass. It is irnportant to note that there is only
one tension force acting in a string, and this tension
always acts along the siring and away from the
object. In this case, both the tensionTand the accel- "

eration of the mass m are directed to the right and M

therelore -
T=ma Figure 3.09: Weight of an

Along the vertical direction, the mass mmm is acted cbject is applying foree on
upon by the downward gravitational force myg and the another objec
upward normal force N. Since the resultant of these two forces 1s zero, there is
no acceleration of the mass m in the vertical direction.

Two forces are acting on the second mass: the grayitational force Mg acting
downward and the tension force T (the same tension T acting on each part of the
same string) acting upward. Since the tension force acts along the string and
away from the object, we can apply Newton's second law to find:
T-Mg=M (-a)

Here, a negative sign is placed before the acceleration because the acceleration
of the mass M is directed downward, and since both objects are connected by the
string, the magnitude of the acceleration of mass M is also a. By solving the two
equations above, we find that  a3=Mg/(M+m)

Using this acceleration we can explain the motion of the object located on the
table.

@ Example

Question: As shown in figure 3.10, two weights of masses 10 kg and 5 kg are
suspended from two sides of a mass m using two pulleys. What is the force
acting on the mass m?

Forma-11, Physics, Class 2-10
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Tz T'.l
1 fa
10 kgﬂ 5 kg

10 g¥a Vi g

Figure 3.10: Torce 18 acting on a mass by two
Answer: werghts from two sides using pulley,

Here, three objects are connected by two strings, resulting in the same
acceleration for all of them, The 10 kg mass will move downward, and the mass
m will move to the lefl, and the 5 kg mass will move upward. Let's denote the
acceleration as a.Two tension forces will act along the two strings: T |1
(connected to the 5 kg mass) and T 2 (connected to the 10 kg mass).

By applying Newton's laws of motion in the vertical direction for the 5 kg mass,
we getl:

Tl-5¢=5a

For the 5 kg mass, T 1 acts upward. Using Newton's second law horizontally for
the mass m. we obtam:

-T2+T1=m(-a)

Here, the force T 2 acts to the lefi, the force T 1 acts to the right. and the
acceleration of the mass mis directed to the lefi,

The mass mexperiences a downward gravitational forcemg and an upward
normal force N in the vertical direction, Because the resultant of the two forces
is zero, the mass m does not accelerate in the vertical direction. Now, applving
Newton's laws of motion vertically to the 10 kg mass, we find:

T2-10g=10(-a).

For the 10 kg mass, T 2 acts upward.

By solving the three equations above, we find that the combined acceleration of
the objects 1s given bya=5g/(10+3+m) and the total force acting on the mass is
given by-T2+TI=5g+15a. However, it is not possible 1o determine the value of
acceleration without knowing the mass m.
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@ Do Yourself

4 Rubber Band Spring Balance &
A spring balance 1s used Lo measure the weight of small objeets. It 1s less
likely that all of you have a spring balance. So, to serve the purpose vou
can make a spring balance with the help of a rubber band. You can use the
plastic lid of a container as a pan to keep a weight. Make four equidistant
holes round the pan and tie with a string. Now hang the pan from one end of
a rubber band. Attach the other end of the rubber band to a board with the
help of a paper clip. Now hang the board in a suitable place.

=~ T

L

Figure 3.11: A spring balance made of o tubbsr band

Put a black dot on the string from which you have hanged the pan with the
rubber band. When there is no weight on the pan, put a black spot on the
board where the black spot of the string remains. This point indicates zero
mass. Now put five coins of five taka in the pan. Since mass of each coin is
8 gm, hence total mass will be 40 gm. Then put another black mark on the
board where the black spot ol the string stays. This indicates mass of 40 gm.
Now draw a line from 0 gm to 40 gm marking points and divide the line into
four equal parts. Each division equals 10 gm mass. Now increase the length
of the line and calibrate 1t to measure more mass. Divide the line
accordingly, as much accurately as vou want to measure the mass.

Now your rubber band balance is ready, now with this balance you will be
able 1o measure the mass of small objects around you. I you have an actual
58 i
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spring balance with you, you can measure the mass more accurately and you
can measure the weight from there.

| Serial Nume of [Mass of object ablained | Mass of object in kg | Weight of the objest
Number the ohject fromm hﬂ“’“;;’" BrAM.M N - /1000 kg W=mg N

|

|

| |
Nac o

3.8 Newton’s Third Law

We have learnt from Newion’s first law what happens when no force 1s applied.
We have learnt from Newton's second law what happens when a force is applied.
We will learn from Newton’s third law what type of reaction takes place between
the two objects when an object applies force on another object.

Newton’s Third Law: When an object applies a force on another object,
then that object also applies a force of equal magnitude on the first object
but in the opposite direction.

In physics, generally Newton’s third law is written as, “Every action has an equal
and opposite reaction”, although we have not written it in this form. By this time
since we have a hittle idea aboul [orce, conlusion may occur if force is termed as
“action” or “reaction” “suddenly”. Moreover, those who are the new learners of
physics, their first question will be if every reaction (a force) has an opposite
reaction (another force) then why action and reaction are not cancelling each
other, producing zero? For this reason, the third law will have to be written very
precisely. The third law states that if there are two objects A and B, then when A
exerls a force on B, then B also exeris a force on A. It is worth mentioning that
two opposite forces act on different objects, never on a single object. If the two
forces were applied on a single abject. only then one could cancel the other. [ere
there is no scope of cancellation.
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The matter will be clarified with the help of some examples. Let us consider that
a mass m s allowed to fall from a certain height (figure 3.12). We know that due
to the earth’s gravitational force, the mass m experiences a force /' towards the
centre of the garth:

Already we have seen that this force can be expresed as mg.

From Newton’s third law we know that the
mass m also attracts the giant earth towards
1tself. That force 1s also F, but 1 the
opposite direction. We do not bother about
this force, the reason is that the acceleration
a of the earth due to this force can be

determined:

F=Ma
Here, M 1s the mass of the earth and a 1s the
acceleration,

F  mg m
Therefore, a= E = F = (E) )

II the mass of the earth is M= 5.98 = 10* kg,
then if an object of mass 1 kg is released
Figore 3:12: As the snrth attracts o from above then the acceleration of the
mass, the mass also atwacts the  carth will be,

earth o the same manper a=1.6%107%* m/s?
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This is so negligible that nobody is bothered about it! Next time when you jump
anywhere, remember that you attract the whole earth towards you when you fall
downwards. (As small as the acceleration of the earth may be, yvou pulled the
whole earth towards you, you may be little proud of it!)

The easiest way of understanding Newton’s third law is to understand the
mechanism of our walking. We can all walk but nobody knows the physics
hidden behind this. Since you have started to learn physies a simple question can
be put to you. Since you have walked

from a stationary position. so you have

an acceleration, that means force has

been applied on you. But all of us know

that nobody is applying a force on us.

We walk by ourselves. How 1s that
pussible?

Unless we know Newton’s third law, we

never can explain the mechanism of
walking. When we walk, we exert a force

on the ground (i.e. apply force). Then
according to the Newton's third law the
ground also applies an equal and
opposite force on owr body (Figure

313] This E.qua} and ﬂppnsitg force Piglll‘t‘ 3.13: During ‘:‘.'i]]]{'iﬁg when
creates the acceleration and we walk. a person applies force on t.he
The persons who have a litile problem -‘%’m”'d thon the ground also applies
understanding this, they may be remind- force on him 1 contrary

ed that it is easier walldng on hard

ground compared to sandy ground. The reason is that it is not possible to apply
force on the sand, sand is displaced. Therefore the reaction force in Newton's
third law cannot be achieved properly. The matter can be clarified more, if one
is allowed to walk on a very smooth surface lubricated with soap-water or oil!
There friction is hardly present so we cannot apply a backward force at all and
due to this we will not get any force on us as the reaction force. So we cannol
walk at all (You may wry if you don’t believe it). If force is applied, equal and
opposite force is found, but if we cannot apply force at all, how can we get a
reaction [orce? Then how can we walk?
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@ Example

Question: Suppose you are standing on a totally {tictionless surface. Your mass
is 30 kg and there 15 a stone of mass 100 kg in front of you. You have decided
to push the stone with a force of 30 N and will move it from one end to the
other end. What will be the velocity of the stone after 10 57 (Figure 3.14)

Figure 3.14 : When a person pushes a stone, the alane also
pushes the person 1n retumn.

Answer: When you push the stone with a force of 50 N, then according to
Newton's third law the stone will push you also with a force of 50 N, The
acceleration of the stone will take place Lo the right.

F

= — = — = 4
a=—=1r m/s* = 0.5m/s
Your acceleration will be exactly towards lefi,
F 50 .
@= =i m/s 1m/s

Therefore the stone and you will move in different directions. By pushing the
stone you cannot move it from one end to the other. Because a distance will be
crealed belween you and the stone. So it is not possible Lo push the stone nonstop
for 10 s. But after the stone starts its movement, it will reach the other end
moving by itself on the frictionless surface. You will also reach the opposite end
but at an earlier time.
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(a)  Let us consider you pushed the stone for 2 5, what happens then?
Answer: In 2 s the velocity of the stone will be increased to:

v=utat=0+05%x2m/s =1m/s

Then the stone will move with a uniform velocity of 1 m/s.
In 2 s your velocity will be:

u+at=0+1x2m/s =2m/s
Then you will move in the reverse direction with a uniform velocity of 2 m/s.

3.9 Frictional force

Earlier we have discussed gravitational force or gravity and spring force. Now
we shall discuss about a totally different type of force, this is frictional force.

Let us consider a wooden piece on

a lable and we are trying to create

an acceleration by applying a

force on it. As shown in figure

3.15, we are applving a force F on 4—

the mass from left to right. It will

be seen that due lo [riction

between the wooden piece and the 7

table, a frictional force T 1is H_‘

developed on the wooden piece '

and this 1s luwering the ﬂPPIiEd Figure 3.15: If a force 15 applied on 4 muss

[oree acting from right to lefi. then another force may develop in the
reverse direction due to friction.

If you think that due to friction a frictional force is developed from right to lefi,
so1f T apply a force on the wooden piece from the left too, then since the applied
force and the frictional force are in the same direction, [ will get an extra force!
But it will be seen that the [rictional force is stll working in the opposite
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direction. The [ictional [orce always works in the direction reverse to that the
applied force! If some weight is put on the wooden piece it will be seen that the
frictional force is increased also, though the weight and the force of friction are
normal to each other.

We will see that there is nothing

surprising in it if we understand

how frictional forces are developed.

Though apparently wood, lable etc.

(or the two surfaces where friction is

present) seem very smooth, but if we

view them with a microscope it will =5

be seen (Figure 3.16) that all

surfaces are tough or irregular
These rough parts touch one another
or the grooves of the two surfaces in
contact catch onto one another. The
meotion is obstructed due to this and we say frictional force 1s developed in the
opposite direction. If the two surfaces are pressed more, then the scratched
surfaces make better contact with one another, the grooves of one surface will
penetrate into the other’s grooves more deeply and as a result the frictional force
will be increased.

Figure 3.16: Actually friction creats due Lo
two scralched suTace.

Due to friction heat is generated. [t is a problem in most cases. When a piston in
a cylinder moves back and forth in a car, due lo friction heat is generated there
and to control this heat, the engine of the car needs to be cooled.

3.9.1 Types of Friction

Friction is divided into three tvpes. These are. static friction, kinetic friction,
and rolling friction.

Static friction: The frictional force that develops when two objects are at rest
relative to each other is called static friction. Due to static friction we can walk.

our legs or shoe soles rub against the ground and we don’t slip.

kinetic friction: The [rictional torce that is create when an object is in motion
relative to another object 1s called kinetic friction. When anyone grips the brake

Forma-12, Physics. Class 9-10



90 Phwsics

of a cycle, it presses the wheel and ceases the motion of the rotating wheel due
to kinetic friction. The kinetic friction depends on the weight of the moying
body, the more the weight, the more the kinetic friction. If an object has a mass
M. then its weight W= Mg is a force. Then the kinetic friction can be written as,
J= uW. u is the coefficient of kinetic friction.

Rolling friction: When an object moves by rolling or revolving on a surface
then the friction that develops 1s called the rolling friction. Among all the
frictional forces, this is the least, so we attach wheels on all kind of vehicles. Tt
is very easy to pull suitcases attached with wheels, if suitcases have no
wheels, it would become wvery difficult for us to pull 1t on the floor.

Figure 3.17: Uses of Parachuie. Apollo 13
is landing in the seq

@ Do Yourself

Release a paper from a certain height and guess the time required by the
paper to reach the ground. Now shape the paper into a small ball and then
release it. What is the time required now to reach the ground? why?
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@ Do Yourself

Figure 3.18: Measurement of kinetic friction

Static friction and Kinetic friction
Take several empty match boxes. Fill up the boxes with soil to make
them slightly heavier. Now put a match box on a book and keep sliding
the book gradually (Figure 3 .18). Due to the static friction the match will
not slide at first. When the book becomes sufficiently inclined, then
along the slope a force works. At the instant when this foree equals the
shiding frictional force. then the match box will start sliding. You will see
that only for a particular angle of inclination the match will start moving,.
Putting one or more match boxes over the first one repeat the experiment;
you will see that every time for a particular angle the match box will start

aning,

3.9.2 Effects of friction on motion

We already discussed that the frictional force always acts opposite to the applied
force. Therefore, naturally the frictional force slows down the motion and it may
o be our assumpu'fm that perhaps we always @y to reduce the Erii.?tiuu. Bu‘i that 1s
% not true. Sometimes you may have seen that a car or a truck is stuck tn mud.
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Though the wheel of the car rotates but due to less friction, the car or truck
cannot come ouf from the mud. The wheel shides. Then to rescue the car or truck,
the friction between the wheel and the mud 1s increased in an allernate way.

Tyre’s Surface: Because of the friction between the car’s tvre and the road the
car can move on the road. If this friction was not present, then the tyre of the
car would slip and the car would not be able 1o move forward. To increase this
friction many types of grooves are designed on the tyre (Figure 3.19). Those
who drive cars always give attention to whether the grooves of the car are
smooth or flat. If the grooves become tlat, then after applying the brakes the car
will slip instead of stopping.

Smoothness off road: The roads are specially designed to increase the friction
between the tyre of the car and the road.
I the roads are not proper, then the
wheels of the cars may skid. After the
snowtall, in the cold countries, the
roads become very slippery due to ice
and the number of accidents increase
more than ten times. In our country the
friction of the road may decrease due to
water logging or due to gravel. All of
vou have seen pitch carpeted roads, due
to this pitch carpeted the friction
between the tyre and the road increases.

At the same time, the rain water cannot Figure 3.19: To increase the
infiltrate into the road and the road can [riction many Lypes of grooves are
be used for a lone time designed in the tyre.

Controelling Motion and Breaking Force:

The speed of the vehicle has to increase or decrease according to the necessity
when we drive the vehicles. When the speed of the car 1s low, then it 1s easier to
control it. You can often see that during taking a turn or overtaking another car,
the speed of the car is lowered by applying the brakes.

When the driver presses on the brake pedal, this 13 transferred to the shoe or pad
attached to the wheel and the shoe presses down on the disc located mside the
wheel. Due to this pressure friction develops between the pad and disc and this
[rictional force stops the motion of the wheel of the car.
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3.9.3 Increase and Decrease of Friction

Already we know that for our necessity sometimes friction has to be increased
and sometimes it has to be decreased.

Reducing friction

The measures we may take to reduce friction are:

1. Make the surfaces as smooth as possible
where friction is take place. On smooth
surfaces sliding friction is less.

2. Oil. Mobil or grease like materials are called
greasy malerials or lubricants, The friclion is
reduced to a great extent if lubricants are used
inn between the two surfaces.

Figure 3.20; Using ball bearing, friction canbe ~ Figure 3.20: It s possibie (o

reduced 1o a greal extent raduce friction by using ball
' bearings,

3. Using wheel friction can be reduced. If wheel is used we can do work by very
small rolling friction instead of large sliding friction. It is possible to reduce
friction to a great extent by using ball bearings m the rotating wheel, using the
rolling friction of the small steel balls instead of the direct friction.

4. The design of the fast moving vehicles like car, plane is done in such a way
that the wind can flow over the streamline surface without creating any triction.

5. The surfaces where [riction occurs touch one another in a very small region,
then friction can be reduced.

6. We have seen that if force is applied on the two frictional surfaces, friction is
increased. Therefore if vertically applied force is reduced, friction can be
reduced.

Increasing friction

If the procedures that are taken to reduce friction are not done or if the opposite
steps are taken then friction will be increased. Therelore the necessary steps we
take to increase the friction are:

1. Roughening the two surfaces where [riction is present.
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2. Pressing the two surfaces more strongly where friction is present.

3. Make the surfaces stationary by stopping the motion which 1s present on the
two frictional surfaces. Because static {riction is more than the sliding friction.
4. Making grooves or waves on the frictional surfaces. Then it can grip the
bottom tightly. If there is waler or liquid, it enters the grooves thus reducing
the friction of the surface.

5. To increase the density of air or water.
6. To increase the {rictional area In air or water.

7. To remove wheel or ball bearing.

3.9.4 Friction: An essential hazard

All of us have certainly noticed that heat is generated due to Iriction. In the
winter we c¢reate heat by rubbing our hands. The engine ol a car becomes hot
that happens due to friction. Therefore, energy is dissipated by creating
unnecessary heat due to friction. Cars, planes, ships, submarines have to go
forward by overcoming the frictional force, requiring extra fuel. If we treat this
in this way, it may seem that [riction is nothing but an evil in our lives.

Meanwhile, we have seen that due to friction we can walk, drive cars on the
road, write on the paper with pencil or pen, construct buildings, come down safely
with the help of a parachute. We can give many examples where without friction
we could not do our necessary work.

Consequently though friction 1s treated as an evil, we have to acknowledge that
friction is a very necessary evil for our lives.

® Exercise
@ General questions

1. When you try to get down from a moving tram why do you fall in the
forward direction?

rs

As shown in figure 3.21, 1if a sudden pull is applied on the string A, it will
tear. But if it is pulled slowly then the string B will tear. why?
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3: The object having more mass has more weight or more force. If it is
released from above it will have more acceleration, is it true?

4, You are standing on a weight measuring machine in a lift. If the eable of
the hift tears, what 1s the weight that shows up on the machine?

5. If a stone is tied by a rope and 18 pulled on a completely frictionless

surface towards you, what will happen?
6. What is inertia? How many types of inertia are there?

7: What is force?
&, What is the measure of inertia of a
stationary object?

9. What do you mean by balanced and

unbalanced lorces?

10.  What is momentum of a body?
11.  Show that, force = mass * acceleration A
12, What do you mean by law of conservation

of momentum?

13. What is friction? Write down the names of

the different types of friction

14, Friction is a necessary evil- give argument

in favor of this.

. Mathematical questions

The velocity-time graph of
an object of mass 1 kg is shown in
figure 3.22. Draw the velocity-time

graph.

2, A force of 10 N acts en a
stationary body of mass 5 kg for 2 s.
After 5 s another force of 20 N acts
on it for 3 s. What is the distance
travelled by the object?

< =

Figure 3.21: Two siring
altached with-a mass
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Figure 3.22: Velocity-tume graph.
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A force of 10 N acts on a stationary object of mass 10 kg, After 10s a
force of 20 N acts on it for 5 s in the opposite direction. What is the
distance traveled by the object?

You have jumped from a boat with a velocity of 10 m/s towards the bank.
Your mass and the mass of the boat are 50 kg and 100 kg respectively. In
which direction and with what velocity will the boat move?

The coefficient of friction p of a wooden piece on a flooris 0.01. If the
mass of the wooden piece 1s 10 kg, what is the force required in moving
it? If a stone of mass 100 kg is kept on the wooden block, what is force
required to move 1t7 What happens if the floor is frictionless?

%% Multiple choice questions

Put the tick ( y ) mark on the correct answer

ki

[oa

The tendency or property of a body to maintain its present state for ever
1s called:

(a) force (b) acceleration

(c) inertia (d)velocity

Which one 1s the dimension of force?

(a) MLT* (b) MLT"

{c) ML=<T+ (d) MHLT

Which one 15 the unit of momentum?

(a) kg m (b) kg ms -

{¢) kg m%s?! (d) kg ms 2

A force of 30 N is applied on a body of mass 3 kg, its acceleration will be-
(a) 12 ms™ (b) & ms

(c) 13 ms™ (d) 10 ms™

I a mass ol 10 kg moves with a velocity of 10 ms™, ils momentum will
be-

(a) 10 kg ms"'  (b) 120 kg ms*'

(c) 100 kg ms*  (d) 1 kg ms'!
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Creative questions

1. Farugue pulls a box of mass 4 kg on the floor with a constant force. The
frictional force between the box and the floor is 1.5 N. While pulling, the
box accelerates at 0.8 ms*. Then the box is pulled with the same force on
a frictionless floor.

(a) What is a balanced force?

(b) Why is the frictional force generated?

(¢) What 1s the force applied to the box in the first case?

(d) What is the change in acceleration in [rictional and [rictionless
{loors? Explain mathematically.

2 An object of mass 5 kg moving in linear motion with a velocity of 5 m/s
hits another object and changes the momenturn of the second object by an
amount 4 kg m/s. The masses ol both objects remain unchanged afller the
collision.

(a) Which property of matter 1s a measure of inertia?

(b) What do you mean by the statement “The applied force is proportional to the
change of momentum™?

(c) What is the final velocity of the first object?

(d) When there is no chan ge 1n momentum, then comment about
the second object by mathematical analysis.

Forma-13. Physies. Class 9-10



Chapter Four
Work, Power and Energy

—_—

S <
Proposed Rooppur Nuclear Power Plant

In this chapter we will see how force works. In terms of physics the word "work"
has a specific meaning. We will see that a force working on something can move
it and create kinetic energy. This kinetic energy can convert into potential energy
and this ransformation of energy is a very natural process and ditferent types of
energy can convert into one another.

One of the important aspect ol science is energy and energy plays a most
important role for the development of mankind. So, how energy can be explored
from nature will also be discussed.
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@ By the end of this chapter we will be able to-

e explain the relation between work and energy.

« gstablish the relation among work, force and displacement.
explain kinetic and potential energy.

* explain the transtormation of energy source.

« analyse the contribution of the source of energy regarding economics,
social and environmental influences.

« cxplain the relation between transformation of energy and conservation
of energy.

e explain transtormation of energy and how its use hampers the balance of
environment.

s he conscious about the effective and safe use of energy.

o cxplain the mass-energy relation.

o cstablish the relation between transmission of energy and power.
o measure Lhe etficiency.
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4.1 Work

We use the term ‘work® in various ways n our daily life. A gatekeeper
guarding a house all day long, sitting on a tool. may claim to have done a lot of
work. but in the words of physics that is not any work. In terms of physics the
word “work” 1s well defined. 1f a force F is applied on any object and the object
traverses a distance s during the application of force (that is displacement
occurs) then, the amount of work W done by the force is:

W=Fs

Unit ef work: T (Toule)
Dimengion of work [W] = MI2T 2

Foree 1s a veclor quantity and the distance traversed or the displacement is also a
vector gquantity but in case of work the product of those two vectors is a scalar
quantity.

As individual vectors there 1s no such condition that the direction of force and
distance travelled has to be same but in these book. we will only discuss the
force and distance travelled i (he same direction.

Have you noticed. while discussing work, we said that the ‘force” has done the
work. A person or a machine may push any object to some distance by applying
a force. In terms of daily life we say that the person or the machine has done the
work. But in physics, neither the person nor the machine does the work, always
the force applied does the work. This force may be applied by a person or a
machine.

Let us assume that, you have pushed an object to a distance s by applying a force
F and left it after setting it in motion. The object has travelled an additional
distance o and at last it has stopped. How much work 1s done?

The amount of work done is W=Fs, as no force was applied while traversing the
distance d, so no work is done.

2025
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@ Example

Question: Your mass is 50 kg. You have climbed up a 10 storied building, how
much work have vou done? (Height of each floor is 3 m)

Answer: If your mass is 50 kg, vour weight is 50 x 9.8=490 N, This weight is a force,
that 18 acting downwards. If you want to climb up. you have to exert an equal
force upwards to draw yourself up.

So, upward applied [orce: 490 N

Distance travelled upwards: 10 3 m=30m

So the amount of work done, 490 N =30 m =14700 J=14.7 kI

Suppose, a moving object is coming towards you, you try to stop the object by
applying force F, the object pushes you backwards by a distarice s. How much
work was done by the force applied by you? Certainly you have noticed that, this
time the distance traversed is not along the direction of lorce, rather opposite to
it. So the-amount of work done
W=F (-s)=-F

That 1s. the work done 15 negative. In our daily lives, we talk about work and
useless work. but what is meant by positive and negative work in terms of
physics? If the work is positive, then it can be said that the work is done by Lhe {orce,
If it is negative, then it is said that the work is done “on’ the force or against the
force. We must have a clear conception about energy before understanding what
has just been written.

4.2 Energy

In our daily life we use the term “energy™ for different purposes but in physies 1t
has a definite meaning. Generally speaking, there is no difference between
applying energy or applying force, but in physics, these two phrases mean
completely different things. In the previous chapter. we have learnt what 1s
meant by force, what is meant by energy will be discussed in this chapter.

We all have a shallow idea about energy, because we mention the words
electrical energy, t(hermal energzy when we make casual conversation.
Sometimes we even hear about chemical energy or nuclear energy. Though light
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18 not mentioned as energy, we can assume that light is one kind energy too. The
energy which is not mentioned in our daily conversation, but will be discussed a
lot in physics is kinetic energy. We may think that there are many types of energy
in nature, but 1t i interesting that all kinds of energy are the same and we can
only transform them from one to another! So what is energy”?

Ability to do work is energy! Not only that, when a positive work is done by
applying a force on an object, the force creates an energy in that object. The
amount of work done on the object is the amount of energy created in it, and the
persen who 1s applying the force has to give exactly the same amount of energy.

So now you have understood the meaning ol negative work. If any force does a
negative work on an object, then it is to be understood that a certain amount of
energy is taken away from the energy contained in the object. The amount of
negative work done is equal to the amount of energy taken away, and he who has
applied the force gets this energy anyway. So. on any object

Doing positive work —  giving energy to the object.
Doing negative work — taking away energy from the object.

You can clearly understand that energy has no direction and it is a scalar
quantity. As we produce energy by doing work or do work spending energy,
these two have the same unit and the same dimension.

Unit of energy: J {Joule)
Dimension of energy [W] = MIET2

@ Example

Question: You have moved an object 10 m by applying a force of 100 N on it.
It the frictional force is 10 N in the opposite direction. then what is the amount
of work done by yvou? What 1s the amount of work done by the frictional force?
(Figure 4.01)

Ay
=
™
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Answer: You have done work,
W=Fs=100 N =10 m=1000 J=1 kI
Work done by the frictional force,
W=Fs=-10 N =10 m=-100 7]

The stone has altained energy because

ot the work done by you. Energy has been

lost due to frictional force, so heat may

also be generated. Figure 4.01: when a force is applied
on a body, frictional force acts in the
opposite direction.

4.3 Difterent forms of energy

We use different lands of energy for different purposes. For example. heat
energy 1s needed for water 1o be heated, we need light energy to see anylhing, we
hear by using sound energy. We run machines by using electrical energy, and we
create electricity from electric cells by using chemical energy. We generate
electric energy too from the nuclear energy we get by dividing a heavy nucleus
or by addition of light nucleuses. Energy is developed in our body taking
nutrition lrom [ood, we perform our activities.

The history of our civilization iiself is the history of utilizauon of energy by
generating energy. We see different forms of such energy around us, for example-
mechanical energy, heat energy, sound energy, light energy, magnetic energy,
electrical energy, chemical energy, nuclear energy and solar energy.

The most general form of energy is the mechanical energy, the energy that is
obtained due to position, shape and motion of the object is called mechanical
energy. There are two forms of mechanical energy: these are kinetic energy and
potential energy.

4.3.1 Kinetic Energy

We have discussed earlier that the ability to do work is energy. Everyone of us
knows that when an object is in motion, it can push another object and set it into
motion resulting in the object moving a certain distance due to the pushing.
Making another object move means, definitely a force has been applied there
and traversing a distance due to this force means work is done there!
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Therefore we can say firmly that the energy that develops due to motion in a
body is certainly one kind of energy or kinetic energy. In the previous chapter we
said that the terrible road accidents that happen and the losses that occur are
mainly due to kinetic energy. When a bus-truck or a car moves at high speed then
it has a huge amount of kinetic energy.
We can casily calculate how much kinetic energy is produced by an object when
work is done by a force on that object.
Let an object ol mass m be displaced by an amount s due to the application ol
force F. Therefore work done W by the force F is:

W = Fs
According to Newton's second law we know.

F=ma
Again, from the equations of motion we know that if an object starts its motion
from rest,
Then

s ==at? and v = at

B3 | =

1 1 1
Then work, W = Fs = mas = ma x Eatz —. Emazrz = Emvz

Therefore we can say if a force F makes a displacement s of an object then the
lanetic energy that is generated:

= -E-mvz

The velocity v 15 in the square form in kinetic energy, so to double the velocity
of an object we will need to apply [our times of the energy.
When leaming the equations of motion, we noticed that

w2 =u® + 2as

Multiplying both sides by %m the equation becomes i—nrn:::2 = %muz + mas

If we write F instead of ma and W instead of Fs, then the equation becomes,

1 1
E]"ﬂ‘lﬁ'2 = imuz + W

. - " y . . i : . 1
That is, if an object moves with velocity «, then its kinetic energy is ;mu

and if W amount of work is done on it, then its kinetic energy 1s increased to

1
=2
2z

2
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@ Example

Question: A force of 10 N is applicd on a stationary object of mass 10 kg for 10
s. {a) What is the kinetic energy of the object? (b) Calculaie the kinetic energy
after 20 s. (c) If the force is applied for 20 s, then what is the kinetic energy?
Answer: Acceleration due to 10 N foree is:

Therefore velocity after 10 second: .
m
v=at=-—X10s=10m/s
S

(a)  Then the kinetic energy,
%mvz =2x10x10%] =500]

(b)  Acceleration will take place for 10 s, after that no acceleration is present,
so velocity 1s unchanged, therefore kinetic energy after 20 s will be the same.

(c) Il force is applied for 20 s, then the velocity 1s,
v=at=1m/s*x20s=20m/s
Therefore the kinetic energy,

1 1
Smv? ==X 10 x 207 ] = 2000

Question: Motion is crealed in a body of mass 10 kg by applying a lorce, if ils
kinetic energy becomes 80 J, what is its velocity?
Answer: Kinetic energy is,

: * =80
Emv =80]

Forma-14, Physics, Clags 9-10



106 Physics

2x80] 160m?
T m 10s?

v=4m/s

.pl

4.3.2 Potential Energy
When we were discussing work. we said that 1f’ a force does a positive work on

an object then energy is generated. When we were talking about kinetic energy
we gave the example of this too. We have shown that by applying a force on an
object if the object moves by a distance, then its kinetic energy becomes %mvz

Now, we will give such an example
where force 1s applied and displacement
occurs even when no kinetic energy is
produced. Suppose. a spring is kept on a
table as shown m figure 4.03. You
applied a force at the free end of the
spring by your finger and compressed it

by an amount x. In such a condition, none
of your hand or spring is in motion, s0 no
lkinetic energy is present in any of them.

Figure 4.02: Stationary state of a
spring and compressed by applied
the distance traversed is 1n the same  [urce

Since the direction of applied force and

direction, so the work done is positive. According to the definition of work, here
energy 1s to be created. But where 1s that energy? Ilere nothmg is in motion, so
definitely there is no kinetic energy.

Those of us who have used springs can guess that energy 1s definitely hidden in
the compressed spring. Because if an object of mass m is kept before the
compressed spring and then released, the spring would exert a force on il and
make a displacement, which means the spring would perform work. That is it's
a kind of energy, even it is not kinetic energy. this is another form of energy. This
type of stored energy is called potential energy. This energy is developed due to
the *sate or position® of the object.

2023



=
b=
4

Work. Power, Energy 107

If the constant of a spring is &, and if the spring is compressed by a
distance x from its normal state. then the potential energy stored in it is,

@ Do Yoursell

If a spring is cumpreased or expanded by an amount x, it will
exert a force ul‘ F= -kx, using this equation it is possible to find out the
relation, V = uc . Can you [ind it? {Since the force depends on the length
of the qpnng, so calculate the average force and multiply it by the total
distance.)

@ Example

Question: A body of mass 10 kg falls on a spring with a velocity of 10 m/s. If
the spring constant I=100,000 J/m®, what 1s the compression?

1, 2
F—Zk:r

Answer: Kinetic energy of the object.

1 1
Zmw? = =% 10 X 102] = 500 |

This energy will compress the spring, that is,

1
Ekxz =500 |
therefore, 2 _ 2 X 500 s 1 m2
~ 100,000 100
x=01m

When we raise anything, then it acquires potential energy. When a piece of stone
18 released freely from above, its speed Increases when it comes down. So 1l
develops a kinetic energy. This becomes possible because a kind of potential
energy was stored in it when it was in the ‘above’ position. How much potential
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energy is stored in a stone when the stone is raised above can also be calculated.
You are realizing that the amount of work to be done when an object is raised
above is stored in that object as potential energy. If the work done is ¥,

W=Fh

Here. F is the applied force and # is the height. We have to apply the force F in
the upward direction and distance traversed is also in the upward direction,
therefore F is posilive. The force that has to be applied [or raising the object
upwards does not change as the spring force and this force is equal to the weight
of the stone. If the weight of the stone is mg,

and W=mgh

We have to remember that the weight of the stone is a force and it acts
downwards. We have to apply an upward force equal to the weight of the stone
if we want to Lift it.

Potential energy is stored in a stone of mass m by raising it a distance ol h. What
amount of kinetic energy will be generated in the stone if it is released and
comes down by a distance /i?

Due to the conservation of energy total of its potential energy will transform into
kinetic energy. We know kineftic energy is%mvz, S0 we can write:

% mv = mgh
V= 2gh
Henestly we can say, when we were deducing the laws of falling bodies,
we deduced this identical law once again! Now we deduced the same law using the
conception of energy quite in a different way!

@ Example

Question: A body of mass 10 kg is thrown in the upward direction with a
veloeity of 100 m/s. What will be the height reached by the object?

2025
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Answer: This has been done before with the help of the laws of motin, Now it
can be done by the transformation of energy.
Kinetic energy:

1 1
=§nm2=ixmmeI=mmnm

When the object reaches a height A, at this height the kinetic energy has been
totally converted into potential energy. So,

mgh = 50,000]
,_50000) _ s0000
" mg ~T1ox98

For your understanding the mass 10 kg is mentioned here. But it does not depend
on the mass. With any mass we will get this answer. For this we rmght have used
the formula v=2gh directly.

Question: A bodv of mass 3 kg is thrown in the upward direction with a velogity
of 50 m/s. At what height will the potential and Kinetic energy be the same?

Answer: Initial kinetic energy of the body 1s

1 1
Ty ==mv? ==x5x50%]=6,250]|

2 2
When kinetic energy equals polential energy, then for height /i, we can say
kinetic energy = potential energy
kinetic energy + potential energy = primary kinetic energy
kinetic energy = potential energy = primary kinetic energy/2

6250 |

mgh = ———

6250 | 6250
2xmg 2x5x98 m

= p3.78m

You may have already guessed that this problem also does not depend on the
IMAss.
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4.4 Sources of energy

The history of world civilization can be simply named as the history of

utilization of enerey. It can be generally said. that a simple means to understand
how developed a country is to calculate the use of electrical energy per person in
that country. Different forms of energy of the world are shown in the figure 4.03.

| | | | I T T | |

Crik Gas Coal Nuclear e Eg&ﬁ by Biomnss ,:Su':él:iagry :J;l:nii:‘, Geathermal

Figure 4.03: Different sources of energy

4.4.1 Non-renewable Energy

As the history of civilization on earth is actually the history of energy utilization,
we see there is a hunger for energy in every country and every state in the world.
Everyone is searching for energy and using it in every possible manner.

Fuel Energy (Oil. gas and coal): At this moment, the biggest sources of energy
of the world are oil, gas or coal, Oil, gas or coal, are all fossil fuels, that is, being
buried under the ground from millions of years, are transtormed into this form
due to prolonged period of heat and pressure. Coal, oil or gas are fo be
extracted [rom beneath the ground. The oil that 1s extracied from the ground
(Crude oil) is very dense at the primary stage, which are converted into petrol,
diesel, or kerosene by refining in refineries and some other usable substances are
found as well. The gas that comes out from beneath the ground is mainly
methane CH,, water vapors and other gases can be mixed with it and these are to
be separated. The gas ol our country Bangladesh is comparatively much clearer
and suitable for direct use.
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Nuclear Energy: Many countries are utilizing nuclear energy, and one type of
fuel is also required there which is uranium. There is a similarity in the energies.
o1l, gas, coal or uranium; they are spent when they are used. Men have already
estimated (he amount of uranium in the world or the amount of oil, gas or coal
beneath the ground. Tt is seen that if people continue to use energy at the rate they
are domng now, the sources of energy like oil. gas, coal or uranium will be
exhusted hundred years at besl. Alter that our known sources of energy will run
out. People are not that much concerned about what will happen then, because
they are almost sure that by them some other sources will be found using science
and technology. For example, nuclear tusion, using which the sun or stars produce
their energy. The fuel for fusion comes from one isotope of hydrogen and each
molecule of water contains two atoms of hydrogen. So, there is no worry for that
to run out.

4.4.2 Renewable Energy

Human being are not only relying upon new forms of energy in the future, but at
this very moment they are also dependent on the sources ol energy, which will
not be finished. This epergy comes from sunlight. ebb and flow of the waves of
seas, winds in open fields, hot magma from the interior of the earth or currents
of water of rivers. It is not difficult to understand that these sources of energies
are almost inexhaustible. These are called renewable energy- i.e. the energy
which can be renewed, and because of that, there is nothing to be worried about.

At present one filth of the energy people are using world wide is this renewable
energy. As days are going by, people are getting aware of the environment. And
so the use of this type of energy is increasing more and more.

Hydroelectricity: One [ifth of the total energy of the world is renewable enerey.
Most of that part 15 hydroelectricity, to produce electricity by making a dam ina
river. Since the water of a river is inexhaustible; therefore the source of energy
of such a power plant is inexhaustible. This 1s the conventional concept. But if a
dam is built on a river, it harms the environment to a great extent; due to this the
people of the world have become very conscious. Those who are a little bit
farsighted don’t build such a power plant more.

Biomass: Aller hydroelectricity, the most renewable energy comes [rom
biomass, by biomass we mean wood fuel, straw etc. People in many parts of the
world have no oil, gas or electricity; they spend their daily life by burning fuel
wood and straw. The used energy by these poor people 15 a major part of the total
energy of the world. Even the dried tree, straw etc. are finished due to burning,
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biomass is called the source of renewable energy because the trees can be grown
again. It 1s not lost for ever from the world like oil, gas or coal.

The important sources of energy are solar energy, wind energy. bio fuel and
geothermal enercy besides the two [orms of renewable energy, hydroelectricity
and biomass.

Solar energy: Many of you will be astonished on hearing that, only in one square
kilometer area we get one thousand megawatt energy from the sun as light and
heat which is close to the energy ol a nuclear power plant. One part of the light
and heat that comes from the sun is absorbed by the atmosphere. It is absent at
night and uncontrolled due to cloud and ram. Beside this, the energy comes as
light and heat energy, it has to pass one step for conversion into electricity. It 18
still said to be the most reliable source of energy. Utilizing solar heat electricity
can be generated. Now-a-days a common picture of the earth 1s the solar panel,
installing this on their rools; people are generating their own electricity sitiing in
their own residence.

Wind energy: Afier solar energy. wind energy has occupied an important place
very quickly. In our country we are not familiar seeing large turbines for wind
energy, but in many countries of Europe this i1s a very familiar scene. The place
at which the wind mill is set up, a large tower is erected upwards, so there is no
waste of land at all, for this reason the environmentalists like it very much. I'rom
a wind turbine it is possible to get a few megawatts of electricity! The utility of
the energy that is generated by using air; 1s increasing by 30% every year. This
number is not a small number at all.

Bio fuel: The people of the world are preparing alcohol for drinking purposes
from a long time- it is one kind of fuel. Preparation of alcohol as fuels from food
like popeorn and sugarcane are almost an accepiable procedure. The oil that we
use for cooking purposes can also be used instead of diesel. There are many
kinds of trees in the world from which we can get fuel oil directly. In many
countries of the world, the research on biofuel is continuing. moreover many
countries like Brazil have started using such types of biofuel on a large scale.

Geothermal energy: Another important source of renewable energy is
geothermal energy. The inner part of our earth is very hot, when a volcano’s
eruption takes place then we become aware of it. So, if someone can make a
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hole a few kilometers deep. then he will get a giant source of heat energy. The
process 15 still not easy so 1ts large scale use has not yet started. In some places
due to its geographical nature this type of energy is available easily and its use
has started there.

4.4.3 Transformation of energy and impact on environment

People around the world are becoming conscious about the environment. For
prosperily we need energy but the people of the modern world cannot tolerate it
if the environment is destroyed for energy. The people of the world are not ready
to use any type of energy by any means. They want to explore the energy that is
hidden in the world not by making conflicts with nature and noi by destroying
the earth.

The largest example of the impact of transformation of energy on nature is the
fossil fuel or oil, gas and coal. Among these three, the amount of carbon is much
more and when these are burnt o produce heat energy then carbon dioxide gas
1§ produced, which is a green house gas. Therefore, this gas can confine the heat
of the world and due to this the temperature of the world is increasing slowly,
which 1s called global warming. Due to global warming the ice of the polar
region is melting and the height of the sea level is rising. Bangladesh is one of
the countries of the world which will be flooded and the farmlands destroyed by
sall water thus creating a harmiul impact on nature. Al present, all the countries
of the world are unitedly trying to decrease the amount of carbon dioxide
EM1ISS10N.

There 1s no emission of carbon dioxide 1n a nuclear power plant. But nuclear
wastage 1s highly radioactive and these have to be preserved for millions of
years for their radioactivity to reach a sale level which is not hazardous for the
environment, Though nuclear power plant is very sate duc to modern
technology, sometimes owing to people's mistakes or natural calamities major
accident happens to creates a fatal disaster. Two examples of this type
areaccidents of Chernobyl of the then Soviet Union and Fukushima of Japan.
Comparatively the impact of renewable energy on the environment is less. But
when a dam is made on a river for production of hydroelectricity, then on one
hand the environment is damaged due to flooding in a large region, whereas on
the other hand, due to less flow of water draught may be created in the ao
subsequent regions.

Forma-15, Physics. Class 9-10
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4.5 Conservation and Transformation of Energy

4.5.1 Conservation of energy

In our daily hfs, the energy we see around us 18 imperishable. It has no
destruction, it transforms only from one form to another form. When a stone is
raised, it develops a potential energy. When the stone is released, the potential
energy starts deereasing and the kinetic energy starts increasing. Just before it
touches the ground, its total energy is converted into kinetic energy. But when
the stone stops after touching the ground, then it contains no kinetic energy and
no potential energy, where has the energy gone?
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Figure 4.04: A pendulum 15 oscillaling, the total enercy is conserved between kinetic energy
and potential energy.
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You definitely have observed that when a stone hits the ground, it hits by producing
sound and heat i.e. kinetic energy is transformed into sound or heat energy.

The example (Figure 4.04) of changing between potential and kinetic energy is
wonderful. A small stone is tied by a thread and hanged from a support, If we
pull it along one side then the stone goesup by a small amount from its
stationary position and hence a potential energy is developed in it. Now if we
release the stone, due to an unbalanced foree on if, it starts going towards its
stationary state, thus creating a motion in it. When it reaches the mid position
exactly, it artains the maximum velocity. So 1t does not stop there rather moves
away in the opposite direcltion and rises up until its velocity becomes zero.
Therefore. it again develops a potential energy. When it reaches the maximum
height if stops there, owing to its potential energy again it starts moving towards
the stationary state, In this way, the stone oscillates and transformation from
potential energy to kinetic energy and kinetic energy to potential energy
conlinues, This process would continue [or an inlinite time il there was no
friction and other causes of energy loss.

Therefore,the transformation of energy is a very natural process. Transformation
of energy takes place not only between potential energy and kinetic energy. But
all the known forms of energies around us can transform from one form to another.
It our daily lives, the energy we se¢ around us cannol be created or even can be
destroved, it onlv changes from one form to another. This is the law of conservation
of energy.

4.5.2 Transformation of Energy
Around us we see many examples of transformation of energy, ¢.g.

(a) Electrical energy

If we want to give example of the transformation of energy, at [irst we give
examples of electrical energy. Because this energy can be transformed into
other energy very easily. Not only this, it is easiest to transmit electrical energy
from one place to another. Though around us there are many types of
energy. we supply electrical energy first to our residence but we don’t supply
other [orms of energy, In our daily lives, we see the transformation of electrieal
energy into mechanical energy in electrie fans or other motors. (Though actually
magnetic energy 18 not different from electrical energy, even then in motor or
electrical fan we see electrical energy converts first into magnetic energy and
then converts into mechanical energy.) In the electric iron or heater it is
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converted into heat energy. The electrical energy 1s converted into Light energy
in light bulbs, tube light or in an LED. To produce sound energy we need to
vibrate something. It's a kind of mechanical energy. Moreover we can tell, in
speakers. electrical energy is converted nto sound energy. All of us charge the
battery ol our mobile using electricity, where the electrical energy is converted
mto chemical energy.

(b) Chemical energy

Chemical energy is certainly an important example of transformation of energy.
The gas which is used for cooking is an example of wansformation of chemical
energy into heat energy. Due to this, when electrical energy is supplied to our
residence, simultaneously gas is also supplied. Due to the conversion of
cherical energy into heat energy, we also get light encrgy.

The light of a candle is an example. We see the transformation of chemical
energy into mechanical energy using gas, patrol, diesel or such type of fuels in
different kinds of engines. If we observe closely, we will find that at first
chemical energy is converted into heat energy and then heat energy is converted
into mechanical energy. But in the era of modern technology, the greatest
example of conversion of chemical energy 1s the battery, where chemical energy
18 converted into electrical energy. We cannot find any space where chemical
energy is not converted into electrical energy using battery starting from mobile
phone to car or from clock to space shuttle. The amazing example ol chemical
energy is our body or body of living beings, where chemical energy from food is
converted into mechanical or electrical energy.

(c) Heat energy

If we consider from the viewpoint of quantity, the conversion of maximum
amount of energy undoubtedly takes place from the heat energy in the world,
Heat energy 15 iransformed into mechanical energy in all engines of all
machines. In thermocouple ( applying heat at the junction of two different
metals). though there are examples of conversion of heat into electrical energy
directly, actually almost in all the cases heat energy is converted into mechanical
energy and then mechanical energy 1s converted into electrical energy. (To save
the environment we don't like the dissipation of energy now-a-days, so we use
energy saving bulbs more instead of using light bulbs where light 1s produced
due to heating) We see the transformation of heat energy into light energy from
heated gas particles of [lame of a candle where heat is generated from chemical
energy or from the filament of a bulb.
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(d) Mechanical Energy

When electrical energy is produced bya generator. actually electrical energy
18 produced by rotating a coil of wire in a magnetic field by utilizing the
mechanical energy. Heat energy is always being produced due to friction, there
mechanical energy is transforming into heat energy.

(e) Light Energy: Light is an electromagnetic wave and we can see a definite
range of the wavelengths of this wave, we call this light. Waves of wavelength
more or less than this range is present in nature and we have generated those in
different ways. For example. in a microwave oven. we convert the
electromagnetic wave into heat energy. Now-a-days using solar cell light is
transformed directly into electricity. Now-a-days the uses of photographic plate
18 decreasing day by day, but all of us know that the presence of light in a photo
sensitive photographic film generates chemical energy.

MNuclear
refelor

Generator

Cooling

Lower

Figure 4.05: Structure of a nuclear power center

(f) Mass: You are delinitely surprised seeing the word “mass’ suddenly in
different types of wransformation of energy. When we mean energy, then we
never imagine the mass as energy directly. But Einstein showed using his laws
of relativity, £ = mc? and with the help of this equation he informed us about the
possibility of translormation of mass into energy. In the nuclear bomb, the mass
was transformed inio energy, where a huge amount of heat, light, and sound
energy destroved the cities of Hiroshima and Nagasaki. This process of energy
transformation can be used not only in nuclear bombs but also in nuclear power
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station, Though heat is produced here directly. using this heat energy steam is
praduced and this steam 1s used to rotate the turbine, then this rotating turbine
generates eleciricity in a generator(Fig: 4.05).

We have to know an 1mportant matter though such types of transformation are
taking place around us, Although there is available energy, but this energy
cannol always be used. In the oceans of the earth, there 1s a huge amount of
energy, but we cannot use this energy. (Sometimes using this energy cyclones
destroy cities, habitations!) When energy is transformed from one form to
another form, then a part of it is dissipated. Actually this dissipation occurs in the
form of heat energy and this cannot be regained for further use. This dissipation
ol energy actually s not the limitation of technology. It 1s a rule restricted by
physics.

Al the very beginning of learning science many don’t know 1t and they try to
make an everlasting machme for transformation of energy from one form to
another form. (A motor is rotating the generator and producing electricity, again
using this electricity the motor is rotating. This is an example of perpetual
machine. [t will never work).

4.6 Relation between mass and energy

You know, 1n the theory of relativity by Emstem 1t 1s sad that the mass of
an object and the energy are identical things. If the mass m is translormed into
energy, then this energy is E, and its amount is £ = mc®, here ¢ is the light
veloeity. The velocity of light (3x108 m/s) is huge, if it is squared it becomes
huge also, it means if we can transform a little mass into energy. we will get a
hmge amount of energy, 1n a nuclear power plant just this thing 1s done.

In a nuclear power plant, one of the fuels that are used is uranium 235, Here
there are 92 protons and 143 neutrons. [ts amount in nature is verv small, only
0.7%. its half life is 703,800,000 {704 million} years. A uranium 235 nucleus can
capture another neutron very casily (if the speed of that neutron is small).Then
the uranium 235 nucleus becomes very unstable, then it is divided into two small
nuclei Kr* and Ba'!, In addition to this, three more neutrons comie out
(Figure 4.06), which is depicted in the equation below. If anvone finds out the
mass that remains in the left side of the equation and compares it with the mass
that remains on the right side, will see that on the right side mass is less, the less
amount actually emerges out as energy governed by the equation, £= mc* .

on + 233U — 32Kr + '$iBa + 3pn
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Figure 4.06: Energy production from nucless reaction

In this reaction, the three neutrons that have come out, actually come out with
huge speed, so the other uranium (*33U) nuclei cannot capture them very
gasily. If by some means their kinetic energy can be lowered, then they will be
captured by other uranium (?33U) nuclei and thus will break it creating some
more encrgy and releasing three new neutrons. In a nuclear power plant, this
work is done, so when the speed of the emerging neutrons goes down, they again
break other nucleuses and this process continues. This process is called a chain
reaction.

In this process, a huge amount of heat energy is produced, using this heat energy
water is vaporized and turbine is rotated with the help of this vapor and
electricity is produced from the generator. This type of power plant is called a
nuclear power plant. It is possible to get thousands of megawatt power from such
a power plant very easily. The wastage material that is produced after the nuclear
reaction 1s terribly radioactive; so many types of precautionary measures have to
be taken when processing them. If the excess neutrons that emerge after a
nuclear reaction are absorbed somewhere else by any means, then the nuclear
reaction ceases. There is a special type of rod called a control rod to absorb the
neutrons i a nuclear reactor. These are used to control the nuclear reactor.
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4.7 Power

The term 'power’ is used a lot of times in our daily lives, and it is not that the
term is always used in a positive sense! Butl the word ‘power’ has a definite
meaning in physics; power is the rate ol domg work. That is, 1 work W 1s done
in time t, then power P is:

We have seen before that work is nothing but transformation of energy. As
energy can't be destroyed, so it 15 only bemg transformed by domg work. So we
can say. if we desire, power 1s the rate of transformation of energy. As work or
energy s a scalar quantity, then power is also a scalar quantity.

We have known about different quantities. their units, and tried 1o know their
dimensions in every case while learning physics. Unit and dimension of power
are:

Unit of power: W (Watt)
Dimension of power: [P] = MLAT™?

Though we have known it here for the first time, it’s unit is very familiar to us.
If 1 Joule work is done per second then we say, work done is | walt or
transformation of energy takes place. I we switch on a light bulb of 100 watt
that means, in this bulb 100 T energy is being spent in each second. When we
read in the newspaper that a 1000 MW nuclear power plant will be built in our
country that means in that power plant. 1000 % 10° J electrical energy will be
produced in each second.

4.8 Efficiency

We have said earlier that a certain amount of energy is wasted every time while
transforming energy from one [orm to another. Se we have to give a little
more energy than the amount of work we want to do. We use various types of
machines and engines in our day to day lives. If is seen always that energy is
wasted due to friction or some other causes. That is why almost always we need
to measure how efficiently a machine or engine is using energy. So. we use 4
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new quantity called efficiency. Efficiency can be expressed in percentage as:

. amaunt af work amount of work —sne wasted
Efficiency = —————x 100 = e
enerygy glven energy glven

@ Example

Question: If an object of mass 10 kg 18 lifted 10 min 15 s using a motor of 1000

x 100

W. then what 1s the amount of wasted energy? What 1s its efficiency?

Answer: Amount of work: 10 x 9.8 x 10] = 9,800 [

Energy given: 1000 x 15 /= 15,000/
Energy wasted: 15,000 — 9,800 = 5,200

9800
Efficiency = W{H}I] X 100% = 65.3 %

You will be surprised to know that, energy is wasted in every step of production
of electricity in a power plant. and if all these wastage is taken into account,

the efficiency of the power plant can drop down to 30%.

Question: If 10% energy is wasted in every step. what is the cfficiency in
4 steps?

Answer: (.9 x(.9 =0.9 =0,9 = 0.6561
Or 65.6%

Forma-16, Physics. Class 9-10
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@ Investigation 4.01

( Physical ability \

Objective: To find out the physical ability of a student

Instruments: A clock and a ruler

Procedure:

1. A building which has stairs to the first or second floor.

2. Count the number of steps of the stairs and measure the height of
each step. Multiply these two to find out the height of the first or
second floor from the ground.

. Measure your mass on a weight measuring machine.

4, Climb the stairs as [ast as you can, measure the time needed

using a clock.

5. In a similar way, measure mass of the other students in the class and
collect information about the time needed for them to climb the stairs.
Put the data in the following table.

6. Find out the physical ability of your friends and yourself.

Height of the roof: h=.........

Acceleration due to gravity: g= 9.8 m/s*

Ll

| Name of the| Mass  Time required | mah | Average
Power- — w
student (m) kg th;{;:c{g%?]i?} & t power

Find out the mean physical ability of all the students and see whether your
physical ability is more or less than that. /
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® Exercise

General Questions

I

o w

Why is the work done by frictional force is always negative?

If a spring is cut into two pieces will the spring constant k of the pieces
increase or decrease?

To keep the earth dynamic which one is necessary? Energy or power?

Can mass be considered as energy?

If velocity is increased by 1%, what will be the percentage increase of kinetic
energy’

A match stick is rubbed with its box with a force of 5 N. The stick is dragged
5 cm,

(a) What is the energy used in rubbing?

(b) What is the power needed if it takes (.55 to drag the stick

The reservoir of a hydro-electric project is 800 m high from the sea level and
the power station is 250 m high. The water of a reservoir rotates a turbine
coming through the pipe. There is 20 x 10°® liter water in the reservoir. If the
mass of 1 liter water is 1 kg, find the potential energy stored in the water of
the reservoir.

A boy of 40 kg can reach the roof top using the stairs in 12 5. The number of
steps of the stairs is 20 and the height of each step is 20 cm.

(a) What is the weight of the boy?

(b) What is the height reached by the boy?

(c) What is the work done to reach the roof top?

(d) What is the power he uses to reach the roof?

. It 1s more advantageous to produce nuclear energy than the power station that

uses fuel because no green house gas is produced.
(a) What are the other advantages of using nuclear energy?
(b) What are the disadvantages of using nuclear energy?
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Mathematical questions

1. Change of velocity of an object occurs
due to the application of different forces at
different times and this is shown in figure
4.07. Among OA, AB, BC and CD, when
has positive, negative or zero work been
done?

2. A girl of mass 50 kg has gone up the
stairs at a height of 5 m 1n 10 s. how much
work has she done? What is her power in
horse power?

valocity (m/s)
=]

Physics

fme (&)

Figure 4.07: Graph of velocity-time

3. When a force was applied on & stationary object of mass 5 kg for 10 s, its
kinetic energy became 500 J. Find the amount of force applied.

4. Two objects of masses 10 kg and 5 kg
are aftached to the two sides of a pulley and
is kept stationary 5 m above the ground. If
you release the two objects, then the 10 kg
mass starts to come down and the 5 kg
starts to go up. When the mass 10 kg has
come down by 1 m and the mass 5 kg has
gone up by 1 m, what are the velocities of
the two masses?

5. If a body of 5 kg i3 released from a
height of 100 m, at what height will the
kinetic energy be twice of the potential

energy?

Figure 4.08: Two differsnt masses
attached to a pulley
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' Multiple choice questions

Put the tick (v ) mark on the correct answer
1. Which 1s the unit of work?
(a) Joule (b) Newton
(c) Kelvin (d) Watt

2. A body of mass 5 kg 1s kept at 20 cm, 30 m, 40 ¢m and 50 cm height
respectively. At which position is its potential energy a maximum?
(a) 20 em (b) 30 em
(¢) 40 ¢cm (d) 50 cm
Answer the question numbers 3 and 4 according to the following graph.

i
15
10
g
» 3
weight of car 1000 Kg
0 t sec X

Figure 4.09: Velocily-tume graph

3. In which part of the graph, velocity increases in proportion to time?

(a) part OA (b) part AB

(¢) part CD (d) part DE
4, What is the maximum kinetic energy?

(a) 1.25 x 1057 (b) 5x 1047

(¢) 1.25x 10%) (d) 6.2 x 1077

5. From the law of conservation of energy it is found-
1) Energy cannol be created or destroyed. The Lotal energy of the universe
is a constant and unchangeable.
i1} Non renewable energy will be finished quickly, so renewable energy
has to be used.

iii) We have to use energy effectively and reduce system loss in order to
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save energy.
Which one 1s correct?
a)i b) i ¢) i1 and 11 d) 1. it and iii

6. What type of energy 1s stored when a spring is stretched?
(a) Kinetic energy (b) Potential Energy
(c) Heat Energy (d) Chemical Energy

@ Creative questions

1. Aboy of mass 40 kg and a voung man of mass 60 kg start running Irom the
eround floor and reach the roof top at the same time. Both of them ran with the
same velocity of 30 m/min.

(a) What is power?

(b) What do you mean by the work 5017

(¢) Find the kinetic energy of the young man.

(d) Explain with mathematical logic whether the power of both are equal or
not.

2. Jeny resides in the 5th floor of a building. The height of each stair is 20 cm.
There are 22 stairs in each floor and Jeny needs 4 minutes time to reach the
5th floor. Susmila requires 4.5 munutes to reach that 5th floor. It is to be men
tioned that mass of Jeny and Susmita are 64 kg and 75 kg respectively.

(a) What 15 the main source of energy?

(b) Write two similarities between work and energy.

(¢) Calculate the amount of work done by Jeny.

(d) Between Jeny and Susmita who has more power? Give reasonsin favor
of your answer.
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Chapter Five
State of Matter and Pressure

Everest winner Mishat Mojumder 15 breathing vsing oxyeen cylinder at the peak of Mt Everest

We are familiar with three states of matter- solids, liquids and gases. Among
them liquids and gases can flow so they are also called fluids, In this chapter we
will analyse and see how malter exerts pressure in its three states. Not only that,
elasticity is a special property of matter. We will also discuss how the property of
elasticity works in the solid, liquid and gaseous state.

Basides solid, liquid and gas, there is another state of matter named plasma, we
will also try to understand why this stale is called the fourth state of matler.
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@ By the end of this chapter we will be able to-

explain the change of pressure with the change of force and area.
determine the expression for pressure at a point in a liquid at rest
cxplain the upward pressure on submerged bodies in a liquid
explain Pascal’s law.

demonstrate practical application of Pascal’s law

explain the theory of Archimedes.

explain the density.

explain the usage of density in our everyday lives.

explain why objects float on water.

explain the atmospheric pressure.

determine atmospheric pressure by using the height of the liquid column.

analyse the change of atmospheric pressure with the increase of height.
analyse the effect of change of atmospheric pressure on weather.
explain stress and strain.

explain Hooke’s law.

explain the molecular kinetic theory of matter.

explain the plasma state of matter.
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5.1 Pressure

Though we use the word 'pressure’ in our everyday conversation in many ways,
the word has a definite meaning in physics. We have talked about applying many
kinds of forces at different times in the previous chapters. But how the force will
be applied was untold. For example you can push a stone with your one hand,
two hands or with your whole body (Fig. 5.01). Though you apply the same
amount of force every time, the pressure will be different. In the first case you
applied force through the area of your palm. If vour applied force is F, area ol
vour palm is A then the pressure

gt
A

N
mé

Unit of pressure: — or Pa (Pascal)

Dimension of pressure [P] = ML™1T 2

Theretore, in the second case because of using two hands, the pressure will be
half as the area through which the force is being applied is doubled, In the third
case, you applied force through your whole body, so the area through which
force is applied will increase more and pressure will be decreased more.

Force 1s a vector, so you may think that pressure P is a vector! But the interesting
matter is pressure P is a scalar quantity and if we want to wrile il perfectly then
it should be writlen like as:

Figure 5.01: Pressure depends on the area through which force is applied

Fornia-17, Physics, Class 5-10
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Therefore, area 1tself 1s considered as a vector! A vector must have a magnitude
and the direction. The amount of area is the magnitade of vector, the
perpendicular on the area is the direction ol the vector.

Since pressure is a scalar quantity, it has no direction. [t is so necessary, because
the concept of pressure i3 more important for a liguid and gas than the solid.
When liquids and gases apply pressure then actually it does not depend on the
direction. We will see this matter very soon.

@ Example

Question: Let us assume your mass is 50 kg, area of one side of your body is 0.5
m?and bottom area of your two legs is 0.03 m?. What pressures will vou apply on
the floor when lying down and standing ?

Answer: Mass is 50 kg, therefore weight 1s: 50 x 98N =490 N

. 490 N N
Pressure when lying down, p = = G} —
0.5 m? m?
: 490 N N
Pressure when standing, P = = 16,333 —
& F =003 m? m?

You see less pressure is applied when you are lying down. For this reason when
one falls in quicksand he has to lie down so that the applied pressure becomes
lower and he does not submerge quicksand.

Apain the opposite is also true, if the area of force applied is less, then the
pressure increases. The area of the sharp edge of a nail is verv small. So when
the sharp point of the nail is placed on a wood or wall and hammered on the flat
back head of the nail, the force exerts pressure through the sharp point on the
wood or wall. As the area of sharp edge of the nail is just a point so pressure is
very high and the nail can easily penetrate the wood or wall. This is also true in
the case of a knife, Its sharp edge is narrow, so it can apply more pressure and
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it is possible to cut easily. Another name of the unit of pressure is Pascal (Pa),
when 1 N force is applied on an area of 1 m* we get 1 Pa (1 Pascal) pressure.

5.2 Density

We need to have a clear idea about density before understanding pressure of
liquids and gases. Density is the amount of mass per unit volume, i.e. if mass of
a body is m and volume is ¥, then density is:

=| 3

p=

; : 3 Table 5.01: Density of s substances
U"].t Dfd@ﬂslty: kg:"m: or _g?i"l.l'lf{,' L COSITY O 5300C SUDEIANCES

Dimension of density: [P] = ML™? substances density
i (gm/ec)
Density of some familiar substances is |_____jf 0.00127
given in table 5.01. Here is a good thing | Cork 0.25
to remember, if temperature increases | Wood 0.4 - 05
Er r‘Jecreases, volume of 3 su}:sta.uce c@ | Human bnd}r 0.995
e mereased or decreased. Since ﬂ}:E-Iﬂ is | Water 1.00
no change in the mass, the density of |
: | Glass 2,60
substance ~ may  change  with
temperature, For this when we talk  Tron 7.80
about density of a substance, usually we . Mercury 13.6
need to mention the temperature at | Gold 19.30

which the density 18 measured.

@ Example

Question: 0.25 kg salt is dissolved in 1 kg water, so that the total volume becomes

1200 cc. What is the density of this water?

Answer: 1ccis lom’ (herefore

lee=(107m)' =10 °m*
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1 kg+0.25kg
P= 1200 x 10-5m?

Density of the salted water: = 1.04 % 107 kg/m?

Question : Density of Dead Sea water of Jordan is 1.24 kg/liter. What is the
volume of 1 kg water?

Answer: 1 liter is 1000 cc or lﬂ'j’m"“

Therefore, density of Dead sea water,

kg 1.24 kg !
p=Lla liter 103m® 1.24 x 10% kg m*

Therefore, volume of 1 kg water:

m 1kg
V=—= =0.81 x 107* m?
P 1.24% 103 kgm? m

or 0.81 liter

Example: What is the density of the nucleus? What is the mass of 1 tea
spoonful of nucleus?

Nucleus consisis of neutrons and protons. The mass ol one of them is 1.67 x 1077 kg,
Their approximate radius is 1.25 fm = 1.25 X 107" m _ Therefore, if we can
calculate the density of neutron or proton, it can be considered as the density of
the nucleus!

m 167 x 107%7 k
Density of nucleus, p= = g 0204 x 10'® kg/m?
f r¥ 5 (125X 10715 m)?

You need to guess how big this number is! One tea spoon contains
approximately 1 cc materials.

Therefore, mass of 1 tea spoon nucleus is:

m = 0.204 x 10'® kg/m*® x 107° m* =2 % 10" kg

1t 1s roughly the collective mass of all the people ol the world.
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We can see it in another way. An atom has neutron-proton mn s nucleus,
elecirons remain outside, Mass of an elecwron is 1800 times less than the mass of
neutron-proton. Therefore mass of an atom is really the mass of its nucleus. It
does nol matter too much electrons are not considered. But the things we see
around us, their shapes arg not the volume of the nucleuses. Volume of the
substances come from the volume of their atoms. Electrons revolve around the
very tiny nucleus comparatively in a bigger orbit. Radius of an atom is nearly
1.00.000 times bigger than that of a nucleus.

Therefore, we can say in another way, if we can gather all the people of this world
and can create pressure to extract all nucleuses by breaking the atoms present in
their body and then if we put them together, these will be conlined in a tea spoon.

5.2.1 Uses of Density in our Daily life

Density plays a vital rele in our daily life. Sometimes we do not notice it
separately. For example, when we take water in a pot and hit it, after a while the
waler slarls to boil. It happens because when the water in the lower portion ol the
pot becomes heated and expands, then its density decreases. As the density
becomes less, that water goes up and the cold water in the neighborhood comes
down. Atter some time this water also becomes heated and goes up and so within
a short period of time the water starts to boil. (The process of heating gas or
liquid in this way is called convection.) If density of water was not reduced after
heating, then it would not go up and we could only heat the water in the lower
part of the pot, by fire of the stove, and it would not be possible to heat the whole
water of the pot.

In intense sunshine in summer, those who have jumped into a pond have surely
noticed that though the surface water is hot but the boftom water is cold. Here
the heat comes from above and after heating, the top water density decreases and
remains above, the whole water of the pond can not be heated uniformly.

We have seen the balloons [lying at the inauguration of various events. In order
to make balloons fly we need (o inseri gases lighter than air. Considering safety
they should be filled with inert helium gas, but helium gas is comparatively
expensive; so frequently it is done with hydrogen gas which is very dangerous.
Not only that, as methane gas is lighter than air, which is used as a fuel 1s
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sometimes used also to fill the balloons. which is similarly dangerous!

We have often seen air balloons. Fires are lit under the balloons, which heat the
air inside and make it lighter and this helps lift the balloon up.

We can determine whether the eggs are good or rotien by submerging them in
water. If the ezgs have gone bad their density becomes lower than that of water
and they start to float.

5.3 Pressure in liquids

Those who have jumped in water, they all know, alter going into deep water a
pressure is felt. (Though atmosphere applies a pressure on us but we don’t feel
it, because our body also applies the same pressure.) Exactly what amount of
pressure will be felt after going in deep water or any other fluid is already been
mentioned. The pressure on you will have to be calculated from the weight of the
column of liquid on vou. Let us suppose that you want to determine the pressure
of the liquid at depth A. Imagine an area 4 there (Figure 5.02). The weight of the
column of liquid above this area will exert a force on A,

Volume of the liquid over a surface area
A is Ah. If the density of the liquid is p
then weight of this liquid or force is,

F=mg=(Ahp)g

Therefore pressure,

Ahpg _

PF
A A

heg

Therefore, in a liquid of fixed density,
pressure rises with the increase ol depth.
In case of water, approximately for a ten
meter increase in depth, the pressure
mereases by an amount equal to the
air pressure ( atmospheric pressure) ,which is 101325 Pa.

Figure 5.02: Pressure 15 created on
the lower surlace due to the height
of the liquid.
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Density can be increased by compressing air or gas by increasing pressure but same
1s not true for liquids (neither for solids !). Liquids cannot be compressed in the
same way with pressure, so its density cannot be increased or decreased. How
pressure of water 1s increases when we go tfrom the surface to the bottom of'a sea
is shown in figure 5.03. Since the density of water is nearly uniform. the
pressure is increasing at the same rate. Starting from zero at the surface of the
sea, it 18 ncreased a lot at the bottom of the sea,

100

water pressure (Atm.)

0 1 2 3 4 5 6
depth (lm)

Figurce 5.03: Pressure increases with the increase of depth

@ Example

Question: The whale can go into a depth of 2.100 m from the sea level. TTow
much pressure can it sustain? Assume that | atm pressure is increased per
10 m depth

Answer: The whale can sustain the pressure.
2,100 m

P= L0 m/atm

= 210 atm
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Question: Under water. pressure increases by 1 atm for a 33 ft (10 m) increase
of depth. The divers have gone a maximum depth of 1000 £t (330 m) , how much
pressure did they have 1o lolerate?

Answer: Per 10 m depth, pressure increases by 1 atm or | bar. Then, for 330 m

depth, 330m

10 m/atm B

Divers had to tolerate 33 atm pressure.

Question: Calculate the pressure at a depth of 50 cm for kerosene (density 800
kg m?), water (density 1000 kg m~) and mercury (density 13600 kg m™),

Answer: For kerosene,

pressure, p= hpg

P=050mx800kgm? x9.8Nkg! =3920Nm™*
For water,
P =0.50m % 1000 kg m? x 9.8 N kg'! = 4,900 N m*

For mercury,

P=10.50m % 13,600 kg m™® x 9.8 N kg* = 666,40N m™

Question: At what depth of the liquids kerosene, water and mercury pressure
will be 1 atm ?

Answer: We know, for mercury pressure is latm at a depth of 76 em. Density
of water 15 13.6 times less than mercury, therefore depth ot water will be 13.6
tumes more.

Therefore, depth for water: 76 cm x 13.6 = 1034 cm = 10.34m

Denasity of kerosene 15 0.8 times less than water, therefore depth for kerosene
will be 1/0.8=1.25 times more.
Therefore, depth for kerosene: 1034 mx 1.25 = 1292 m
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5.3.1 Archimedes principle and

It is sure all of you know

Archimedes principle and the slory
behind this. The principle iz easy, Qﬁ
‘If a body is immersed in a liquid, |
the weight of the body is reduced by
an amount equal to the displaced
liquid”. Now we "1l find this principle. A
A cylinder is immersed in some —
amount of liquid is shown in figure e
5.04 (This can be any object of any

shape, but for convenience of

calculaton we took a cylinder). Let

us suppose that the height of the Figure 5.04: The weight of a body is
cylinder is A, cross-sectional area of reduced by an amount equal 10 the weight
top and bottom of the cylinder is 4. of the displaced walter.

We imagine that the cylinder is

immersed in such a way that the depth of upper surface 1s /i and depth of lower
surface is /1.

We have said many times that, pressure in a liquid (or gaseous) does not work in
a definite direction. It works in all directions. Therefore the downward pressure
acting on the upper surface of the cylinder is:

Py = hypg
and the upward pressure acting on lower surlace is:
Pz = hzpg

Therefore, the downward force acting on upper surface and upward force acting
on lower surface are respectively:

F, = AP, = Ah,py
Fy = APy = Ahypg

We do not have to think about how much force is exerted on the surrounding
surface, because the force experienced by the cylinder from one direction is
equal and opposite to the force from another direction and neutralize one anoth-
er.

Forma-138, Physies, Class 9-10
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As the value of , is greater than ), so we see the value of F) is greater than
i

Therefore the resultant force will be upwards and its value will be:

F=F,—F = A(h; — hy)pg

F = Ahpg
As Ah is the volume of the cylinder, 21s the density of the liquid and g is
gravitational acceleration, therefore the force exerted upwards is equal to the
weight of the liguid which has the same volume as the evlinder. This is precisely
known as the Archimedes principle. The upwards force is called buoyancy.

@ Do Yourself

Tie a g size potato or a fruil at one end of a rubber band and hang it,
see how il 18 elongated. Now let the potato or the fruit be immersed into
water, you will see the rubber band is compressed slightly. Because in the
immersed condition the weight of the potato or fruit is less!

5.3.2: Floatation and Immersion of a Body

You have surely understood why an object floats and why an other object is
mmmersed. You know an object experiences an upward force due to buoyancy
which is equal to the weight of the water displaced by the object when it is
immersed in water. The object will float 1f that force 1s greater than the weight of
the object.

Just the portion of the object which is immersed so that it will displace water
equal 1o the weight of the body, only that portion will be immersed exactly, the
remaining part will not be immersed in water.

If the weight of the body is greater than the weight of the displaced water the
body will sink in water. But it seems that the weight of the body when immersed
1s less than its real weight.

If the weight of displaced water can be made just equal to the weight of the
object anyway, then the object remamns there where it 1s put m walter, it will not
float above or even sink below. In our everyday life though 1l is not seen by us
but for the movement of the submarine under water this is done.
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@ Example

Question: If a piece of wood floats on water what percent of it will be
immersed? (Density of woed 2= 0.5 x 10° kg/m*® density of water
gy = 10% kg/m®)

Answer: In order to float, the weight of the wood must be equal to the mass of the
water displaced by the immersed part of the wood. That is, if volume of wood is

I then its mass will be Vg, and if the volume of the immersed part of the woad
15 V;, the mass of that amount of water is V,p,,,

Therefore, Vo= Vioy,

Vi p _ 05x10° kg/m*

=Ll % 100 =50
vV p, 10% kg/m? L

Question: A piece of wood of mass 10 kg went to sea floating from the river. In
the river water it was half immersed, how much of it will immerse in the sea?

(Density of sea water, 2, = 1.03 x 10%kg/m*)
Answer: Density of river water £y = 10° kg/m?

If volume of wood 1s " and density is # then mass of wood will be Vg

3 . . 1
In river water the wood is hall immersed Vp = EVPW

1
therefore, P=5Py = 0.5 x 10% kg/m?3

Ifit1s immersed by V, amount in the sea water,
1;'Jr.l'-'-" = ]"’ng

¥, p 0.5x%10% kg/m?
Y & x = Af{ 50
Vv pe 103 X 10% kg/m? 100 = 48.5%
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Question: Let’s suppose the mass of the gold crown of Archimedes is 10 kg in
air and 9.4 kg when immersed in water. What is the density of the crown?

Answer: If the volume of the crown 15 7 and density is 2 then
Vo=10kg
Ve—Vp, = 94kg

Vo, =Vep—94kg=10kg— 94 kg =0.6 kg

_D6kg  0.6kg

y P  10% kg/m?

= 0.6 %1073 m?

_10kg 10 kg
Py T 06x102m

= 16,666 kg/m3

Real density of gold is 19,300 kg/m?, therefore it is understood that the crown is
mixed by impurities.

5.3.4 Pascal’s Law

‘We have shown many times in this chapter that if pressure is applied on a liquid,
it is transmitted towards all directions. You will understand that it is normal if
you think a bit. Because if the pressure is not transmitted into the whole liquid
then the pressure experienced in one part will be more and 1t will be less in
another part. Therefore if we imagine a cross sectional area then force applied
from one direction will be more than the force from an other direction and due
to this force the liquid will flow until the pressure becomes equal. Pascal
expressed this in the form of a law, that is stated below:

Pascal’s Law: If pressure 1s applied on a liquid or a gas enclosed in a
container from outside, then this pressure 1s transmiited equally and acts
perpendicularly on the surface of the container in contact with the liquid or
gas.
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Applications of Pascal’s Law:

Using Pascal’s law some interesting machines can be fabricated. In figure 5.05 a
machine like that is shown. Here two cylinders are connected by a pipe. Let’s
suppose cross sectional area of one cylinder is 4, and that of another cylinder 4,

. and you have applied force F| on the cylinder of cross sectional area 4, Then
your applied pressure is F

R

Now this pressure is transmitted through the liquid in all directions and il will
also be applied on the cross sectional area of the second cylinder.

Therefore the amount of force applied on the second cylinder will be

Foms Phn= T, (‘41)
g == iy = e
1 A]_

< 1 TFZ

NN

Figure 5.05: Force £, 15 obtained by
applying [oree F, which depends on the
cross section on which the force is
apphed.
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Therefore, you see amazingly that if the magnitude of (4,/4)) is 100 then you
will get 100 times more force on the second cylinder than the force you
applied on the first cylinder!

This process is very effective and uased to control very large factories and
aircrafts. But keep in mind: it is the principle of increasing forces. In this
process energy cannot be increased atl. You will ge t back the same amount
of energy on the second cylinder that you have applied on the first cylinder.

@ Example

Question: Show that vou are geliing back the same amount of ensrgy which is
applied though force is increased.

Answer: Let's suppose force F| is applied on the smaller piston and the piston
moves by a distance [;.

Therefore, amount of work done W, = Rl

Force on the bigger piston Fo=F (‘%)
1
As the water displaced by the smaller piston moves the larger piston by a
distance I, by pushing, therefore
E]_Jql — EEAZ

4
Distance travelled by the larger piston: [, = [, (.4_1)
2

A
Therefore. amount of work done: Wo =Kl =F; (;qi) 1y (A
1

A
_l') - F-;_Il
2

1.e equal to the work done by the smaller piston.
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5.4 Air Pressure

Air has a certain pressure (Figure: 5.06). We do not feel this pressure distinetly
because a pressure 1s also exerted outside from inside of our bodies. So these two
pressures neutralize one another. There is no air in space, so there 1s no pressure
of air. so there is nothing to neutralize the inner pressure of our body and in such
an environment human bodies may explode instantly due to this inner pressure.
For this reason the astronauts always wear pressure protected space suits. The
pressure on the earth surface is 10°A/m?, which means if you imagine an area of
1m* on the earth surface, then the weight of the column of air on it is 10°N, this
15 approximately the weight of an elephant !

Here. you have to understand something very clearly. It is true, weight is a force
and this force acts downwards. Force is a veclor, so it has both magnitude and
direction. Pressure is not a vector, it has no
direction, so it is same in all directions at any
place. The place where vou are standing or sitting
now, the pressure which air exerls on you is the

same 1n left , right , up, down or in all directions. <’\
It is true for air or liquid for all times. _

It an air-tight casket made of (hin tn or
aluminum can be made airless in any way, then it
will be folded or twisted. because In normal
condition, the outer air pressure was balanced by :\\ ,,..—--'":
inner air pressure of the casket in turn, After A
evac}iau‘ng .lhe u151d‘e air by pumping, there is Figure 5.06: The pressure
nothing inside to resist the outer air pressure. So T
the outer air pressure will wwist the caskel eiuhy of the air column,
(figure 5.07).

Adr column
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You will observe that the casket will not be twisted only from the upper side, it
will be twisted from all directions. If the pressure comes only from the upper
side the casket will be twisted only from the upper side. As the pressure is same
in all directions, so it comes from all directions, and the casket 1s twisted from
all directions.

(a) (b) (c)
Figure 5.07: (a) Aller evacuating the air from the cube shown in (a) by pumping,
if the air exerts pressure only from the upper side, the cube would become flat as
shown in (b). But the pressure comes from all directions so the cube 15 compressed
a3 like the picture shown in (c)

@ Do Yourself

ﬂka an empty one liter WQ

plastic bottle, Pour some boiling
water carefully in the bottle and
shake the water. When the whole
air inside the bottle becomes hot,
close the cap of the bottle tightly.
Now wait for a while or keep the
bottle in the tlow of cold water
and make it cold. Seme vacancy
will be created inside the bottle
and it will be folded and twisted
" due Lo the pressure of the outside
Figure 5.08: Due to air pressure .

lhe water hottle is [vlded and AT (T*igl_lrc. 5.08)
twtisted
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The pressure on the surface of the earth originates from the weight of the air
colunm. So if we rise above then the height of the air column above us will
decrease, the weight will also decrease, due to this the air pressure will also
decrease there, The matter 15 true and how this air pressure decreases with height
1s shown n Figure 5.09. What you have to observe separately is that the air
pressure has decreased by hall after reaching a height of five kilometer.
Generally, one may ask by reduction of pressure why does it not become zero
after the next five kilometer? There is a specific reason behind it. Air or gas can
be compressed by putting a pressure. So on the surface of the earth, air becomes
most compressed where the air pressure is maximum i.e. the density of air is
maximum there. As we go above, the pressure of air will reduce, density of air
will decrease as well.

There are many practical aspects of reducing density of the air with height.

When a plane ilies in the

sky, the friction of air acts =

as abig problem. The higher 10 |

we go, the density of wind E 08 \

will be reduced, and friction ';-" \

will also be reduced. Therefore, % oe N

really big planes try to fly § 04 \

through as high as possible 2 4, "'xx

in the sky. Generally it may s
seem that why do the planes 0 5 10 15 0 25
not {ly height at very big as Height (km)

then the friction will be
decreased further. The
reason is that the planes
need powerful engines to fly and oxygen 1s required to burn the fuel of those
engines. The amount of oxygen is less where the density of air is less as al great
heights. So at higher altitudes the engine of the plane will not work due to the
shortage of oxygen.

Figure 5.09: Air pressure redluces with height

Those who climb to the peak of mountains face the same problem. The higher
they climb the problem of less oxygen due to reducing density of air is more than
the problem of less air pressure. For this reason those who climb mountams have
to practice notonly how to survive mn less oxygen but also have to leam how to

Forma-19, Physics, Class 2-10
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do very hard job like mountain-climbing. So, they have to prepare their bodies.

@ Example

Question: How much oxygen is there at the peak (29,029 ft) of the Everest?

Answer: 29,029 fi=8,848 m

We see from the graph that the pressure of the air at this height 1s only 35%
of the pressure of air at the earth’s surface. Therefore the amount of oxygen
there is approximately 1/3 of the oxygen on the earth surface.

5.4.1: Experiment of Torricelli

You have surely had cold drinks with straws. Have you ever thought how the
cold drinks reaches your mouth when you sip? Really this occurs due to the
pressure ol the air. Tt would be very easy to understand if you try to drink the
cold drinks with a 10.5 meter long straw. (This 15 not realistic at all. But
acknowledge it lor the sake of argument!) Then you would discover that the
drinks rise 10.3 meter and stop suddenly, No matter how much you try the drinks
do not rise any more. (We are assuming that the density of cold drinks is close to
the density of water!)

Mercury is not a liquid to take into mouth but for the sake of argument imagine
you try to sip it to get it in your mouth with a straw. [T the straw is longer than 76
em, vou will discover that the mercury has stopped just after rising 76 cm.
You try to sip the mercury dogs not rise any more! Density of mercury is 13.6
times more than the density of water. so elevated levels of more but the mercury
is 13.6 times lesser than the water.

Cold drinks will not rise up through a straw normally if we take a straw in the
mouth and put it into the bottle. Because the air pressure within your mouth is
the same as the air pressure of the liquid in which the straw is immersed. The two
pressures are equal so there is no effective [orce inside it. Now if you sip, which
means you try to create a vacancy in your mouth, then the air pressure becomes
low there. Then the liquid comes above through the straw due to the air pressure
on the liquid surface.

2023



2023

State of Matter and Pressure 147

Secientist Torricelli did this experiment of the pressure of air using mercury in the
vear 1643, He did not try to make the mercury rise with a straw by mouth. He
filled a one ended tube with mercury and he put it in a mercury filled container
m an inverted way. After falling ~
continuously the mercury stopped at a height
of 76 cm. The vacancy which you fry to
create while sipping liquid, this vacancy was
created in the upper portion of the glass tube.,
Adr 18 exerting pressure on the mercury and .
that pressure being transmitted everywhere
of the liquid, even down the tube. There 1s no .
leakage above the tube, so air cannol exert 76:.cm
pressure through that side. Therefore to

equalize the pressure there is only a pressure

under the tube, which 1s the pressure due to
the weight of 76 cm mercury column!

The instrument by which air pressure is : _] r
measured 15 called a barometer (Figure: l J
5.10) and ull now the pressure of the air is

measured by a barometer which uses the Figure 5.10: Mercury
process of Torricelll. The hﬂight of the becomes stationary just at 76
mercury colunmmn becomes more than 76 cm if cm height due to air pressure.

the air pressure increases and if pressure decreases the height become less than
T6h em.

5.4.2 Air Pressure and Weather

‘Weather has a close relationship with air pressure. You have certamnly heard
many times in weather news about the creation of depression in the sea, which
means air pressure has been decreased there. Then air slaris o come from the
nearby areas of high pressure to the low pressure area and sometimes a spin is
created, in special situation that spin creates cyclone. You certainly know the
news of horrible cyclones m our country.

When you will read about heat and temperature in the next chapter, you will
know thart if the temperature of air is increased, then it expands, as a result
density and pressure decreasc. Air pressure decreases more effectively if the
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amount of vapor inside it increases. Vapor is water, in a molecule of water there
1s an oxygen and two hydrogen atom and molecular mass of water is
(16+1+1=) 15. The main element of air is nitrogen (atomic mass 14), bemg
created by two atoms it's molecular mass is (14-+14=) 28 and oxygen (molecu-
lar weight 16), is also created by two atoms, so, it’s molecular mass is (16+16=)
32, which is much more than the molecular mass of water. So, when there is
vapor in the air, water of less molecular mass takes the place of nitrogen and
oxygen of higher molecular mass and so the density of air decreases. If the
density of air decreases, the air pressure also decreases. So. it is possible to
predict about the local weather seeing the air pressure on a barometer. If the
barometer shows high pressure then it is understood that the air is dry and the
weather is good. If the pressure starts to decrease then it i1s understood that the
quantity of vapor is increasing. If pressure low then air from the nearby areas
will come quickly and storm and rain will start.

5.5 Elasticity

All of you must have, one time or another, elongated a spring or a rubber band
by pulling on it and then releasing il. You have certainly noticed that after
releasing the spring or the rubber band it regains its previous length. In physics,
pulling is termed as ‘applying force’ and the change of the length is termed as
*deformation’. The word deformation is taken negatively in our daily life, But
you should not take it negatively here. It 15 just a change in condition!

Therefore, you understand that when a [orce is applied to an object, a
deformation happens inside it (and for this deformation, a counter force is
created). If the foree is withdrawn, deformation stops and the object comes back
to its initial condition, This property of a substance is called elasticity. But it
should be remembered that the quantity of the applied force has a limit. If the
limit 1s crossed, the substance will not be able to come back to its initial
condition. A permanent deformation could take place. This limit is termed as the
elastic limit. After bending a rod slightly, if it is released then it becomes straight.
If it is bent too much then it remains curved and does not become straight.
Therefore we can state this like:

Strain: The relative change in length or shape which is made by applving a force
from outside is called strain. Therefore, if force is applied on an object of
length £, and the changed length becomes L then it’s strain is: £ — Lo

Lﬂ
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It is seen that the deformation has no
unit, 1t is only a number.

Stress: The force per unit area that
develops within a substance due to L,

deformation is called stress. T
If a force is applied on a body of cross T
sectional area A and as a result
deformation occurs. then if this _—
deformation develops a resistive [orce —
I, then stress is:

F lw
A
You see it is similar to pressure and its Figure 5.11: Deformation occurs in

unit is Pa or Pascal. a bar if stress 18 created by applied
force.

Hooke's law: If we have understood stress and strain, it is easy to
undersiand Hooke's law. According to this law, ‘within elastic Limits siress
1s directly proportional to strain’.

stress o strain

Therefore,
Stress = constant ® Strain,

That 1s, there is a constant relating stress to strain for each material; the name of
this constant is modulus of elasticity,

It will be easy to understand if we discuss two things:

(1) Letus suppose that the length of a wire of cross-sectional area 4 1s 1,
a body of weight W is hanged from it and due to this hanged force the wire is
elongated from 4y to L (Figure 5.11). This elongated length creates a counter
force T in the wire (Here the letter T 15 used to mean the word ‘tension’.
Generally, when a wire 1s pulled then the force acting in it is named as tension).
Therefore Stress is V4 and strainis L — Ly

Ly
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Table 5.02: Young's modulus of different substances

Therefore, ; ot b ;ﬂLn ~ Subgance | G-Pa
Rubber 0.01-0.1
s T —

Or, ; =Y (L ;:“)  Wood 10
Glass 50 - 90
Alumipum 69
Cupper [ Tz
Tron 200
Diamond = 1220

Here, Y is a constant. The name of this constant is Young's modulus. As strain
has no unit, the unit ol Y 1s Nm? Young’s modulus of some substances are given
in the table 5.02.

@ Example

Question: How does the length of a substance change with the change ol the value
of the Young's modulus?
Answer: Rate of change of length

L—Ly 1 (I)
Ly, Y\A
Therefore, il 774 remains the same, the higher the value ol'Y is, change in length
will be less.

(i)  Let us consider, in normal condition a gas of volume V', is contained in a
cylinder.

Due to the application of pressure P, its volume is reduced to V (Figure 5.12),
Here P is the stress and the Stram 1s: Vs

Ve
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V=V,
§ )
“( s

E"—Ir'ﬂ)
Vo

Therefore, we can write

P=E(

[Tere B is a constant and is called the bulk modulus of elasticity. Unit of B 18 Nm?
or Pascal.

Vo

+

Figure 5.12: If pressure 18 applied in condined air, the air 15 compressed.

5.6 Three States of Matter: Solid, Liquid and Gas

You certainly know that, everything of the universe is made of molecules!
(In fact, molecules are not fundamental particles, molecules consist of atoms,
atom consists of electros and nucleus. nucleus consists of protons and neutrons,
proton and neutron consists of quarks and the scientists are assuming that
electrons or quarks are made of strings!). Since. the properties of a matter exist
in molecules. molecules are considered the smallest unit of matter. For example,
all properties of water exist in a water molecule, but when it is split into atoms it
does not exist as water. There will be one oxygen and two hydrogen atoms, both
m the gas form. Whether the substance is solid, liquid or gas depends on how
molecules are arranged within the matter (Figure: 5 .13). The most
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familiar example of it is water; it can exist in three states, e.g. solid. liquid and
gas. Whether 1t Is ice, water or vapor depends on how the molecules are within
it.

When a substance remains in the gaseous state, then its molecules are free. the
distance between one another is very large. When the substance is in a liquid
state, then though the molecule remains comparatively closer but they can move
with respect to one another. In solid state. molecules remain the closest, but can
not move with respect to the other.

Figure 5.13: (a) solid (b) liquid (c) gas.

The distance among the molecules of a gas are very large. Those substances have
no regular volume and shape. Molecules in a liquid remains closer and they have
a particular volume but no regular shape. In a solid, molecules are very close and
they are almost in contact with each other, so they have a definite volume and a
regular shape.

In a gas, molecule can move freely, in liquids the molecules vibrate, and one can
pass through from one side to the other, in solids though the molecules can
vibrate but they can not change their position.

Normally we cannot see the molecules of solids, liquids or gases, we see it as
solid, liquid or gas. The properties of molecules which have been mentioned
above. are exhibited in their solid, liquid or gaseous state too.
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Gas : Molecular pmperﬁEs . Reflection in gases
Spread through the total volume of the
container in which it is kept.
~ Distance among the molecules is | Gas can be compressed by pressure
more, there exists vacant space
A molecule can move with respect 1o | Gas can flow easily

another

Molecules can move beside one another |

Liquid: Molecular properties | Reflection in liquids

Molecules can move beside one | Can flow easily, gain the shape of the |
another container in which it is kept.
Molecules are very close together | Liquid cannot be compressed by

applyving pressure

so there 1s no vacant space

~ Solid : Molecular properties Reflection in solids
~ Molecules are rigid in their own  There is a definite shape
position
‘There 1s almost no distance among  Can not be compressed by pressure |
the molecules '

Molecules are confined to their own ' Cannot be made to flow
posttions

5.6.1 Molecular Kinetic Theory of Matter

If a solid substance is kept on a table, the solid exerts a kind of pressure on the table, on
the area of the table which it touches. If we want to put some liquid on the table instead
of solid, it will not work; the liquid will spread over the table. Liquids have to be
contained in a pot and the liquid exerts pressure not enly on the bottom of the container
but it exerts pressure on the walls of the container in all directions. (I{ a hole is created in
the wall of the container, the liquid will come out through this hole due to the pressure of
liquid.) If we wanf to put gas then it is not possible to put it in a open container, then it is
to be stored in & bound region and the gas will exert pressure on the bound surface in all
directions. Gas is contamed in a balloon. [ we make a hole on a balloon, arr will come
out through this hole due to the air pressure.

Forma-20, Physics, Class 9-10
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@ Do Yourself

Put a piece of scotch tap on an air filled balloon. Now make a hole on the
balloon through the scotch tap with a needle. You will see that the balloon
does not burst but air is coming out,

We mentioned about pressure of gas but didn’t explain its reason. We can
explain the reason of pressure by the molecular kinetic theory. If a gas is kept in
a closed space then it puts a pressure on the walls of the container, this can be
explained with the help of the molecular kinetic theory ol substance. In a closed
region the molecules of a gas starts moving randomly and every time it hits the
walls of the container it goes back due to reflection. Therefore a gas molecule
hits the wall with a particular momentum. and returns back with a different
momentum. You know to change the momentum of an object: a force has to be
applied on that object. Hitting the wall, the gas molecules apply a force on the
wall. According to Newton’s third law, the wall also applies a counter force on
the molecule thus reflecting the molecule,

An enormous number of molecules thus hit the walls of the container and this
combined force appears as the pressure of the gas. If the temperature of the gas is
increased, then the kinetic energies of the molecules will increase and the
molecules will hit the wall harder. This means the pressure will be increased.
We will see in the next chapter that due to the application of heat, temperature
increases and as a result pressure also increases.

5.6.2 Fourth State of Substance

Despite solids, liquids and gases, the three different sates ol matter, substances
may have a fourth state named plasma. We know the number of the positively
charged protons in the nuecleus of a molecule or an atom is equal to the number
of negatively charged electrons outside it. That’s why the combined charge of a
molecule or atom 1s zero. Under special conditions a molecule or an atom can be
ionized. one or more electrons of some atoms can be made free, then separately
the atoms do not remain charge neutral. A kind of a mixture of ions and electrons
1s made. Though it stays like a gas but all of the properties of gas are not true for
it. Like we know, a gas has no fixed shape but a fixed shape of plasma can be
made by a magnetic field.
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(Gases can be turned into plasma by giving excessive heat; plasma also be made
by a powerful electric field. In our house, plasma 1s created in a tube light. There
is also plasma in the luminous advertisement of neon light. The light which is
seen during thunder 1% also plasma and the substances which remain in the far
stars is also in the plasma state. At present, we use nuclear energy in fission
process by breaking a heavy nucleus. We try to use plasma for creating energy in
fusion process combining the light nucleuses and now this is a very important
tield of research in physics.

@ Do Yourself
/ \

Density of a substance

Objective: Determine the density of a substance
Apparatus: Spring balance, a solid which can sink in water, water mn a pot.
Theory: Dividing the mass of a body by its volume, density is measured.
Mass of the body can be measured by a spring balance. Ii is possible to
determine the volume of the body using the Archimedes law. After
immersion, the decrease of the mass in grams is the volume in ce (cm?).
Procedure: 1. Determing the mass of a body using a spring balance.
2. Tie the body with a thread and hang it from a spring balance
and determine the weight keeping the body inside the water.
3. Determine the density of the body.

Table: To determine the density of the matter

- Number of | Massof the = Weightof the | Volume | Density of
' observaions solid substance solid substance of the solid |the substance
M, gm when immersed g | My pm

¥ M, gm-wt | Mi-Mzcm My—My cm3

N I
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Exercise

General guestions

1. A piece of ice is floating in glass water,
once the ice melts the height of water is
glass will increase of decrease?

2. Suppose you sit on a boat m a
swimming pool with a big stone. You drop
the stone in the water of the swimming
pool from the boat. The height of the
water in the swimming pool will increase
or decrease or remain the same?

Figure 5.14: A Hermit is sitting on
a bed of nails.

3. Hermuts claim that they can lie down on a bed of nails (Figure 5.14). You
¢an do the same, it you want, why?

4, If the glass tube of Tormcelli’s barometer is twisted mstead of straight then
will it work ?

5. What is the relation among force, pressure, area?

6. What 1s density? What is its unit?

7. What is atmospheric pressure?

8. Is Torricelli’s vacuum a vacuum in reality? Explain

9. Establish a relation between pressure and height of a liquid.

Mathematical questions

1. Density of air is 0.0012 gm/cm’®, density of gold is 19.30 gm/cm’, if 1 kg

gold is measured by a balance, what will be its real mass?
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2. What will be its height if kerosene is used to make a barometer instead of

mercury?’

(Density of kerosene is 0.8 gm/cc) |

3. A crown of gold and an equal weight of pure
gold are hung from the two sides of a bar and
then immersed into water (Figure 5.15). If we
find that in water the weight of the crown is
less, then what will you say about the crown?
Is 1t pure or impure? Why? I

4. Two water filled cylinders are connected «
by a pipe. The cross sechional area of the two
cylinders are lem? and lm® and two pistons
are atfached with them. A person of weight
70 kg is sitting on the bigger piston. How
much force will you have to apply on the

smaller piston if you want to lift him? Figure: 5.15: Crown of gold and
pure gold is immersed in water

5. A weight of 10 kg is hung from a metal rod of 0.5 m length and 0.01 m?® ¢cross
sectional area. The elongated length is 0.501 m. What is the Young's
modulus of this metal rod?

Figure: 5.16 : A man is lifled up by putting pressure on a hydraulic press
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éﬁ% Multiple choice questions

Put the tick (v ) mark on the correct answer

Physics

1. What is the name of the apparatus used to measure the atmospheric pressure?

(a) Thermometer
(b) Barometer
(¢) Manometer
(d) Seismometer.
2. The amount of liquid pressure is —
(a) proportonal to 1ts depth
(b) proportional 1o area.
(e) Inversely proportional to density
(d) equal to acceleration due to gravity.
3. What is the name of the fourth state of matter?
(a) Gas
(b) Plasma
(C) Solid
(d) Liquid.
Give answer to questionno. 4 & 5
from the figure
4. How much pressure will be felt at the
bottom of the container?
(a) 98 Pa (b) 980 Pa
(c) 196 Pa (d) 1960 Pa

Figure 5.17

0.2m

5. If lorce F is applied on the free surface of the contamer, then this force-
i. will exert a pressure at the bottom of the container only.

ii. will exert a pressure on the curved surface of the vessel only.

ii1. will exert a pressure in all directions of the vessel.

Which one of the below 15 correct?

(a) 1 (b) ii
(e) 1it (d) 1, i1, & 1il
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Creative questions
Volume of wates befor

Answer the following questions by immersion of object
observing the figure: — ﬁgﬁﬁgﬁﬂﬁﬁjﬁf
(a) What is density? :
(b) Explain the cause of the floatation 62 em’ oikadiani
of the body as shown m the figure. 52 em’
(¢) Determine the density of the body.
(d) Explain the effect of gradual
increase of temperature of the
liquid.

——

IT
A

2. Fahim ¢lamped one end of a rubber

band of length £, on a wall and hung a Figure 5.18

mass M at the other end. He saw that

the rubber band elongated lo a length L,. It regained its initial condition after
removal of the mass. He recorded the result of his experiment in a table as shown
below.

Mass (kg) 0 ,”"’,],1'4_2-2,3,“.5
Length with
mass L(cm) | 10 12 | 15 | 17 | 21 |35 | 30 | 36
Length after
removal ol 10 10 | 10| 10 | 10 10| 10.2 | 106
| Mass 7 (om)

(a) Write Hooke’s Law .

(b) How siress leads to strain?

(¢) If M=2.7 kg, then L,=" Calculate it.

(d) Draw a picture of a machine which can be used daily by using the
miormation in the table.



Chapter Six
Effects of Heat on Matter

Heal is a kind of energy. From the concept ol energy we may think that heat
flows always from higher heat energy to lower heat energy, but it is not true. In
which direction heat will flow, depends on the temperature. In this chapter we
will see how we can measure heat or temperature and what 1s the relaton
between them.

Actually heat enerocy comes from the motion of mwolecules, atoms or their
vibrations. If the vibration of molecules of any solid object is increased to a great
extent, then molecules may go lar rom another one, that 15, a change ol state
may occur. In this chapter we will discuss the effect of heat on solids, liquids and
£Aases.
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@ By the end of this chapter we will be able to-

explain heat and temperature.

explain the thermal properties of matter.

analyse the relationship among Fahrenheit, Celsius and Kelvin scale.
explan the increase in temperature with the increase of internal energy
of the substances.

explain the thermal expansion of substances.

explain the expansion in length, area and volume of a solid.

explain the real and apparent expansion of liguids.

explain specific heat and heat capacity.

explain the principle ol measurement of heat.

explain the effect of heat in changing the state of matter.

explain melting, vaporization and condensation.

explain melting and boiling point.

explain the effect of pressure on melting point.

explain boiling and evaporation.

explain the latent heat of fusion and vaporization.

explain the cause of cooling and evaporation.

explain the influence of factors on vaporization.

Forma-21. Physics, Class 9-10
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6.1 Heat and Temperature:

Heat is a kind of energy. We have seen that energy can do work. By applying
force it is possible to displace a body in the direction of the force, for example
heat is produced by burning fuel oil in a train or a car and this produced energy
creales molion in the (rain or car. So this new form of energy is called heat
energy like light, electrieity or kinetic energy.

It is interesting that if we could see on the molecular level i.e., looking at any
substance if we see ils molecules, we should call it "kinetic energy" instead of
the "heat energy"”. Because what we mean by hear energy is acrually nothing but
the combined kinetic energy of the molecules of a substance. When the
molecules of a solid are heated then the molecules vibrate about their fixed
positions. The more the molecules are heated. the more the vibration increases.
11 the molecules are heated enough the moelecules become free by overcoming
the intermolecular forces among them. Then we call it a liquid. Then the
molecules move randomly among themselves. Since the molecules are in
motion, they have kinetic energy. The more the molecules are heated, the faster
they will move. If the molecules are heated more, they may be completely free
from their intermolecular forces. Then we call it a gas. The more a gas will be
heated, the [aster its molecules will move. The more the velocity, the more the
kinetic energy.

Since we cannol see the molecules wilh our naked eyes, we cannol see their
movement, so we (v to understand the whole thing indirectly, we call it heat
energy and fry to explain the states of matter considering if as temperature. So
we can say that the energy which is obtained due to molecular vibration or
motion of a substance is called heat. As it is a form of energy like other energy,
0 its unit is Joule (J). There 15 another unit of heat which is calorie (cal). The
amount of heat energy required to increase the temperature of 1 gm of water by
19 C is called 1 Calorie. 1 Calorie is equal to 4.2 I. You have heard about the
word “calorie™ which 1s used in case of food. Food Calorie means actually the
amount of energy obtained from a definite quantity of food and the unit for this
is keal or 1000 calorie. But we will not worry about this now, Here we will
discuss heat energy not energy gained from foods.
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6.1.1 Internal Energy

If we accept heat as energy, the next thing we need to know how heat energy is
transferred from one place to another. Generally we think that energy always
flows [rom higher energy to lower energy. The amount of heat energy that is
contained in a glass of water 1s much more than that of a small hot pin. But if we
put the hot pin into the water, a small amount of the energy of the pin will
transfer to the water of the glass. Because of this. the flow of heat enerzy does
not depend on the amount of heat, it depends on the temperature. If two bodies
ol different temperatures come in contact with each other, always heal transfers
from the body of higher temperature to
the body of lower temperature until the
temperature of the two bodies becomes
equal.

L

But we have not yet defined the
quantity called “temperature™ yet. But
it is used so much m daily life that
nobody faces problems m
understanding  whal  temperature
means. According to physics we can
say that it is the measure of average
kinetic energy of the molecules of
malter. From our experience we can
say that temperature 1s the thermal
state which indicates whether an object
absorbs or rejects heat when it comes 1n coniact with another object. To
understand this, we can compare it with the height of the surface of water in

(Figure 6.01).

If the heights of the upper surface of water in the two containers are different,
and they are connected with a pipe, the flow of water will not be determined by
which container contains more or less water. Water flow will depend on the
height of the upper surface of water of the containers. Always water will flow
from higher height to lower height until the two heights become equal. Here we
can compare the amount of water with heat energy and the height of the surface
of water with temperature. It is also true in case of temperature that the heat
Oows until the temperature of the two objects becomes the same.

iy A e e,
e — - — -
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o e

Figure 6.01; Temperature is as like
the height of water and heat is as
like the volume of liquid
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6.2 Thermal Properties of matter

To measure the terperature special properties of special substances are used.
The property of a substance which changes with temperature and, measuring the
change accurately. the temperature can be measured. i1s called thermometric
property. The property of a substance which 1s used to measure the temperature
18 called thermometric property. You have seen mercury (hermometer that
measures our body temperature. Here mercury is the thermometric substance,
the volume expansion of mercury is its thermometric property.

There is also an alcohol thermometer except mercury thermometer in which
alcohol is the thermometric substance and the expansion of alcohol 1s the
thermometric property. In a gas thermometer, gas 1s the thermometric substance
and the pressure of the gas at constant volume 1s the thermometric property. As
the resistance of metal changes with temperature, so the resistance also 1s used
as the thermometric property. Different thermometric substances are effective at
different temperatures. so to measure the very high or very low temperature the
special thermometric properly of a special thermomelric substance has to be
used. Copper and Constantan metals are used as thermometric substances. If two
junctions of different metals (thermocouple) are kept at different temperatures,
it produces anemf and by measuring this, the temperature can be calculated. This
thermocouple is used in industries on a large scale because it can measure the

temperature from -200°C to 1000°C.

If we get the idea of temperature perfectly, we have to know ifs unit in
addition to, the important question of how we will measure the temperature. The
conventional unit of temperature is Celsius (*C), generally it is said that on this
scale at one atmospheric pressure and at the temperature at which ice melts is
called 0°C and at the temperature at which water boils is assumed to be 100°C.
But it is interesting to know that when scientist Celsius introduced this scale of
temperature, he assumed the temperature of boiling water as zero degree and the
temperature of fusion of ice as 100 degree; opposite to the present scale!

Although we use the Celsius scale of temperature in our daily lives, its
international unit is Kelvin (K). Adding 273.15°C with the reading of Celsius
scale we gel the reading ol Kelvin scale. Il we consider only the difference of
temperature, there is no difference between Celsius and Kelvin scale. That is, the
increase in temperature by 10 “C is the same as the increase in temperature by
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10 K. But if 1t is asked that what is the temperature of this room. the answer 1s
30 °C, but in Kelvin scale it will be (30+273.15) =303.15 K. You may think that
the two scales are completely same but the difference between the readings of
the two scales 15 273.15 °C, what 1s the reason behind this? The reason behind
this is verv wonderful. Generally, we may think thai we can imagine any
temperature i.e., it may be very high or

212°F =
very low, but actually it is not true.
There is no problem in mmagming a
temperature as high as you wish but it
is not possible 10  imagine a
temperature as low as you wish. There
is a lowest temperature and any
temperature below this is not possible.
. . Not only this, we can reach near this
1 i 1 temperature but we can never reach at
H e 127315k tH 3°F this temperature. This temperature is
called the absolute zero temperature.
' ' i On Celsius scale the wvalue of this
temperature is -273.15 °C. Therefore,
Figure 6.02: Celsius, Kelvin and in Kelvin scale its value is zero Kelvin.
Fahremheit scales of temperature Tn other words il 15 said thal the Kelvin
scale has been made considering the

absolute zero temperature as zero Kelvin.

M1o°c (] 373.15k

== =)

e i T Te

To make any scale of temperature two certain temperatures (or fixed points) are
needed. In the Kelvin scale one is absolute zero which is laken as zero degree.
Another one is the triple point of water. At this temperawre and at a certain
pressure (0.0060373 atm) ice, water and water vapour can exist togethet, 5o this
temperature can be defined very accurately. In the Celsius scale its value 1s 0.01
?C and to make the similarity with Celsius scale its value 1s 273.16° in Kelvin
scale,

Besides, the Kelvin and Celsius scales there is an another scale called the
Fahrenheit scale in which the temperature of fusion of ice and vaporization of
water are 32°F and 212°F respectively. In the figure 6.02 three scales are shown
for comparison, where 0 °C is equal to the temperature 273.15 K. sometimes
we take this as 273 K in our daily lives. This does not cause a major problem in
our daily lives.
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6.2.1 Relation among different scales:

A definite temperature 1s expressed m the Celsius, Kelvin and Fahrenheits scale
as T, T, and T_respectively. Then we can wrile:

To—0 Ty —273.15 Ty — 32
100 —0 373.15—273.15 212-—32

Or,
T Ty—27315 Tp—32

100 100 180
The readings of Kelvin and Fahrenheit scales with respect to 7 will be respectively:

TC — TH’ — 273.15°

5 LY
Tc ='§(TF —32 }

@ Example

Question: At which temperature are the readings in Celsius and Fahrenheit scales
equal?
Answer: The relation between Celsius and Fahrenheit scale is
5
TI"_' = a(TF S 32:‘}
9T, = 5Ty — 5% 32°
If T and T, are equal then we get:
4T = =5 x 32° = =160

Tf; = —"'1'[]"0
That is, the temperature which shows - 40° C the same temperature also
shows - 40° F.

Question: At which temperature are the readings in Kelvin and Fahrenheit scale
equal?
Answer: The relation between Kelvin and Fahrenheit scale 1s

5
Ty —273.15° =5 (Tr — 32°)
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9T, — 9 % 273.15° = 5T — 5% 32°
[f T, and T are equal then we get,

4Ty = 9 X 273.15° — 5 x 32°
T, = 574.59K

Question: What is the temperature in Celsius il the temperature of a healthy
body is 9.4 °F?
Answer: The relation between Celsius and Fahrenheit temperature is

5
TC = E]"{FF e 32ﬁj
If 7. =98.4° we get
5
T = 6{98.4"' —32°) = 36.89°
(i.e.. it 1s nearly equal to 37°C)
Question: At which temperature the readings in Celsius and Kelvin scale are

equal?
Answer: Never,

6.3 Thermal Expansion of Matter

6.3.1 Expansion of Solids:

Volume of almost all objects increases (o some extent if they are heated. It is not
difficult to understand the cause of heal and temperature if we explain them with
the help of an atomic model. We can imagine a solid as a collection of many
molecules. We can compare the molecular forces among them with a spring. We
have imagined a spring among molecules to show how molecules are arranged
m a solid as shown in figure 6.03. When the solid is heated, its molecules will
vibrate. The higher the temperature, the more the molecules will vibrate. We
have lo improve this spring model to some extent (o explain the real nature ol
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solids. We have seen in case of a spring that the torce by which it is pulled when
it 18 expanded to a certain distance, it pushes by the same force when it is
compressed by the same amount. This is not true completely for the molecules
of a solid. The amount of force by which molecules pull each other when they
are moved away to a certain distance they push themselves by much more force
when they are brought close to each other by the same distance. That is, this
spring is a special type of spring, Less force is applied to expand but more
force is applied to compress it
Now imagine that the molecules are
vibrating due to a certain lemperature.
For being a special type of spring during
vibrafions molecules do not come very
near but can move further away. Now if
the solid is heated more and the
molecules will wvibrate much more.
Already you have understood that since
the molecules cannot come very close
due to this special type of spring but can Figure 6.03: The molecules are

go very [ar easily, so all molecules will connected with each other by a
establish a new equilibrium to move IMagnary spring.

away slightly from one another. When all molecules will move away from one
another, the whole solid seems Lo be expanded slightly.

Length, breadth and height of a solid are expand equally in three directions by
the application of heat. To analyze this expansion three quantities named
co-efficient of lincar expansion, co-efficient of area expansion and co-efficient
of volume have been introduced.

el L

II | |

Figure 6.04: Length, cross section and velume of a solid are increased by heating,
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If the length of an object is L at temperature I, and the length is increased to L,
after increasing the temperature to T, then the co-efficient of linear expansion
a is

U—Iz - Li}:‘JL:l
o=
Tz - Tl
a0y

Similarly if the area of an object 1s A at temperature 7 and increasing the
temperature T, if the area is increased to 4,. then the co-efficient of area
expansion [} is

g = (2= A7y
TE - T]
80,

.:43 == ﬂl b o BAI(Tg = le

Again similarly if the volume is V| at temperature T, and if the volume is

increased to V, then the co-efficient of expansion of volume is ¥

_ -
T?. - T‘l
0,
Ve=V; +yVi(T: — Ty)

You see that the unit of three quantities «,  and 7 is K.

@ Example

Question: The length of a steel rod is 10m at 20 °C. If its length becomes
10.0167 m at 120 °C, then determine the co-efficient of linear expansion of steel
Answer:

Co-efficient of linear expansion,

[Dimensinn [e] = 8] =¥l =[T‘1]J

Forma-22, Physics, Class 9-10
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L, — Ly

B —

Li(T; — T;)
Here, Ly =10m

L, = 10,0167 m
T, = 120°C
T, =20°C

10.0167m — 10m

= s —=f o]
&= Tom(120 T —200) 107 x1077EC

You have seen from the above examples that actually the value of the co-
efficient ol expansion of solids is very small. For this reason, the three different
co-efficients @,  and ¥ were not necessary. For working we could explain the
co-efficient of linear expansion onlv. For example let us assume the matter of
Ared eXpansion.

We see:
A=Ay + PA(T, —TY)

But area 4, is the product of length and width and if we consider the area of a
square whose length is L . then its area, after increasing the temperature, will be

Ay =15 = Ly + oLy (T, — Ty))?
Or A, =135 + 2al3(Ty = T)) + o2 L3 (T, — Ty)?
So, — = 2 =- 2
.qu — A‘[ + zﬂﬂl{Tz Tj_} + ﬂ: .A]_{TE TJ._}

We have seen that the value of a is very small, so the value of ¢* is smaller. In
fact it is so small that if we avoid the whole part with ¢, then no problem will
arise in our analysis or calculation. So we can write:

Ay = A; + 204,(T; — Ty)
But we know,
Ay = A1+ PALT: — Ty)
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Certainly we can write:

Similarly we can assume a cube of L length, width and height. Its volume at
temperature T, is V| and the volume becomes V, after increasing the temperature
to T, so we have

Vo = [Ly + ol (T, — TP

According to the same argument. also here if we avoid the parts with o and o,

then no problem will arise in our analysis or calculation. So only the [first two

terms will be present, i.e.
Vo = L3 + 303(To—Ty) ...

But we know =5
TllﬂT. IS ¥ Fz = Fl + 3{:{'1.';1 {Tz — Tl}
So, Vo =V +9V (T, = T)

Certainly we can write

In our practical life we have to keep in mind the issue of expansion of solids. You
have seen the gap between the rails of rail tracks. This has been done taking
thermal expansion into consideration. If no space was lefi for expansion, the rail
lines would bend. Cavities develop in teeth due to lack of regular brushing. The
dentist fills these cavities with a special type of substance. The co-efficient of
expansion of the substance has been made very carefully which 1s equal (o that
of the teeth. If the co-efficient of expansion were less than that of teeth, it would
come out from the cavity while eating something hot! Again, if the co-efficient
of expansion of the substance were greater, it would come out [rom the cavity of
the tooth while eating something cold! Many of the general people know the
matter of thermal expansion without studying physics. You will notice that when
the cork of a bottle is stuck, hot water is poured on it so that the cork becomes
loose after expansion of the bottle.
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@ Example

Question: Why does a glass crack when hot water is poured in it?

Answer: More expansion occurs at different parts of glass when temperature is
increased suddenly, this is why the glass cracks.

Question: The density of gold is 19.30 gm/cc and co-efficient of linear
expansion is 14%10% °C1 ' What will be the density when the temperalure is
increased to 100 °C?
Answer:
Density, L

v
Here, V¥ is volume and sm is mass. Though the mass remains the same, the
volume increases when temperature is increased. So, if the temperature is

increased to 1007 C. the volume will be :
V' =V +yV(T; =T,) = V(1 +3ax 100)
a=14x10""°C"

V'=V({1+42x107%)

=0 2 = 0.9958 = 0.9958
P R T r A R T 7 L oaans =0 9%alp

o = 09958 x 19.30 gm/cc = 19.22 gm/cc

Question: What will be the density if the temperature is increased 1000°C more?

Answer: As the melting point of gold is 1064°C, gold will melt.

6.3.2. Expansion of liguid

Liquids have no length or area. Liquids have only volume. So the expansion of
a liquid means its volume expansion. While measuring the expansion of a
liquid, we have (0 be alert, because a liquid is kept in a container. To measure the
co-efficient of expansion when the liquid is heated, the container which is also
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heated needs to be considered. So the expansion of a liquid i a container
observed is not real expansion, it is an apparent expansion. Therefore, to
measure the real expansion, the expansion of the container must be kept in mind

always. Usually, the expansion of liquids is more
than that of liquids. If it was not the case we could
not see the apparent expansion. It seems to be
apparent compression!

The most common example ol the expansion of
ligquid is a thermometer. There are many types of
thermometers, among them perhaps the clinical
thermometer (Figure 6.03) is the most familiar,

A glass tube contains mercury at the bottom. If heat
is applied, the volume of mercury is increased and it
goes up through the capillary tube. To what extent it
reaches is the measurement of the temperature,
While measuring the {ever by a thermometer, it 1s to
be taken out from the mouth or the armpit, a very fine
curve is made at the botrom of the narrow tube. Due
to expansion, once the mercury level rises up, it
cannot come down even after decreasing the
temperature. Mercury is brought down by shaking,

Real and Apparent Expansion

-

FA
| J/=— Fine curve
=— Mercury

Figure 6.05 : Fine curve
15 made in tbe, so that
mercury can not fall in

fever measurmy
thermometer.

It has been said earlier that a liquid is always heated in a container. If heat is

applied, the expansion of the container occurrs along
with the liquid. So the expansion of a container 1s kept
in mind to measure the exact expansion of a liquid,
The expansion of a liquid, without considering the
gxpansion of the container, is called apparent
expansion. If the expansion of a liquid is measured
considering the expansion of the container, it is called
real expansion,

If a glass bulb with a long graduated stem is heated
liquid with filled up to mark 4, first we observe that
the upper level of the liquid comes down to mark B
(figure 6.06). It will happen because due 1o the
application of heat the temperature of the bulb will
increase before increasing the temperature of the

C
A
B

Fignre 6.06 : Real and
apparen| expansion.
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liquud, t.e., the bulb will expand a little bit.

After that if we continue applying heat, the height of the liquid will increase. As
the expansion of liquids is more than solids, we will observe that finally the level
of the liquid has reached mark C from B after passing the mark A.

If we multiply the height AB by the cross section of the mbe, we will get the
expansion ¥, of the bulb. Again if we multiply the height B_ by the cross section,
we will get the real expansion ¥V of the liquid. Here the apparent expansion
18

Vo= Vy — Vp

6.3.3 Expansion of Gases

A solid has both shape and volume, so no problem arises in understanding the
expansion of the solid. Though a liquid has no definite shape, it has a definite
volume. So, we can explain or measure its expansion. It is very interesting in the
case of gas. Because netther does it

h have a definite shape nor a definite
— volume. A gas takes the whole
..——-‘——. — : volume of its container. If the same
amount of a gas is kept in containers

of different volumes, the pressures
of the gases will be different. So, we

0 can see that the increase of volume
of a gas will be measured without

H changing its pressure as shown in the
figure 6.07. An object of definite

Figure 6.07 : The volume of air weight is placed on the piston of a
18 mcreased by applying heat. cylinder so that it always applies
equal pressure (o the gas contained

in the cylinder.
By applying pressure, liquids or solids cannot be compressed very much. But a
gas can be compressed very easily. Therelore, at first we have to know the
relation between the pressure and volume of a gas. It is called the ideal gas
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equation and it is:
PV =nRT

Here P 1s pressure, V15 volume, n is the amount of gas (measured in mole), R 1s
a constant (8.314 JK' mol™ ) and T is lemperature in Kelvin scale,

Now we ¢an [ind oul the co-efficient of expansion of a gas. Al a certain pressure
if the volume of a gas 1s V| at temperature T’ and the volume is V, at temperature
T, the co-efficient of volume expansion i of the gas will be:

_ (V= V1)/ Wy
O v
2 1
We know,
PV, = nRT,
PV, =nRT;
Hence

P(Vy— V) =nR(T, — Ty

Dividing the left side by PV, and the right side by nRT, we get:
V=W Ti—T

Vi Ty
So, = Va)/Vy 1
. TZ = T]_ T_'L
. 1
That 1s. B, = =

Therefore, vou can see that the co-efficients of expansion of gases are not
constants at all. It is reciprocal to the temperature [Tl'l}, i.e., the less the
temperature is the more the expansion of solid will be! In other words, at a
definite pressure and a definite temperature the amount of expansion due to
increase of temperature by one degree 1s less than the expansion due to increase
of temperature by one degree at the same pressure but at low temperature.
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@ Do Yourself

( Take two balloons, put a small amount of water into one of them and air of )
the same volume in another one. Now put the two balloons under hot water
for a small interval of time. You will notice that the balloon containing water
remains the same, because the expansion of liquid due to heat is smaller but
the balloons containing air has expanded in volume to a large extent,

\ because the expansion of gas is much more higher than that of liquid. Y,

6.4 Effect of Temperature in Change of State

Already vou have know that all solids consist of molecules and m solids
molecules attract one another from a certain position. I heat is applied, their
vibrations increase and the molecular bonds become weak. They start to move
rolling upon one another and we call it a liquid. If the temperature is increased
further, the molecules start to move freely. We called it a gas. Now we observe
this more deeply and we will be introduced to different quantities which are
related to the change of state of matter.

When heat 15 applied to a solid, its temperature goes up. (we will know later at
what rate the temperature will rise and on what factor it depends.)

If the temperature (at a definite pressure) reaches a definite value, the solid starts
to melt. This process is called fusion and the temperature at which the fusion
starts is called the melting point. If we continue to measure the temperature,
surprisingly we will notice that when fusion has started, the temperature of the
mixture of some amount of solid and some amount of liquid does not mcrease
any more even if heat is applied (as shown in the figure 6.08). During this time
the hear is used to loosen the intermolecular bonds of the moelecules in the solid.
So, the lemperature cannotl rise because applied heat cannot make (he
molecules move further. During fusion at a definite melting point the amount of
heat which is used to convert the whole solid into liquid. is called the Latent Heatl
of Fusion.
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On the solid being totally liquefied the temperature starts to increase again (as
shown in the figure 6.08), The temperature increases gradually and at one stage
the liquid starts 1o converl into gas. This process is called vaponzation and the
temperature at which vaporization occurs is called the boiling point. Again,
everyone is being reminded that this boiling point depends upon pressure.

When the process of vaporization starts by absorbing the heat energy, the
molecules of the liquid start to become free from the molecular bonds among
themselves. Here also the temperature does not increase like fusion even 1f heat
is applied. During vaporization of liquid the amount of heat by which the whole
liquid is converted into a gas, that heat is called Latent Heat of Vaporization,

80 |
B0 /
40 1

20 /

Tempereture (°C)

Time(s)

Figure 6.08 : Melting and boiling point does not change during heat.

After converting the whole liquid into a gas the temperature of the gas continues
to increase if heat is being applied. If the temperature is raised fo
extremiely high levels. the molecules will become ionized and a fourth state of
matter called plasma will start to form but this 1s something different.

All of us have seen at least one example of the process by which solids can be
converted into Liquids and liquids into gases, that one is ice converted into water
and water into vapour. Although we do not see directly the latent heat of fusion
or latent heat of vaporization, but we have felt its effect. When we suddenly
come to an open place or in open air from a crowded or a closed place, then our
sweating body becomes cool. This is because during the vaporization of
sweal, the required latent heat of vaporizaiion is absorbed from our body and our
body becomes cool. By applying heat solids can be converted into liguids and
liquids into gases, iis reverse process also occurs. By extracting heat gas can be

Forma-23. Physics. Class 9-10
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converted into liquids and liquids into solids. The process of converting a
gaseous substance from gaseous state to the liquud state 1s called liquification.
The process of converting a liquid substance from its liquid state to solid state is
called solidification.

Durmg the change of state of matier, ihe transformation from solid to liquid and
from liguid to solid happens at a particular temperature. But without reaching
that particular temperature a substance can transform from solid to liquid, liquid
to gas or directly from solid to gas. It 1s not difficult to understand this 1f we go
back to the molecular model of a substance. If a molecule somehow gets
sutficient energy and due to this, its kinetic energy is increased sutficiently then
the molecule may come out from the surface of solid or liquid substance. Since
a large nwmber of molecules from air are continuously striking the surface of
solid or liquid, so sometimes some of the molecules of solids or liquids may
obtain the required energy to become free. The more the surface area is, the
faster the process will be. All of us have seen this process e.g., a wet object dries
by itself. For this the temperature does not need to be at the boiling point. Drying
means the evaporation of the molecules of a liguid. This may happen at any
temperature and the process is called evaporation.

At the time of evaporation, water absorbs the latent heat of vaporization; the
reverse process is also true. If vapors transform into water by any process then it
delivers heat. During a cyclone the air filled with water vapour goes upwards,
when the vapor trans{orms into waler the latent heat of vaporization is released
as energy. This energy acts as the source of the devastating energy ol a cyclone.

Dependence of Vaporization

You have seen that welt clothes do not dry easily m the rainy season. On the other
hand in winter the clothes become dry naturally when they are kept inside the
house. After washing the clothes should be spread well for drying. If the wet
clothes are kept folded, they remain wet. The matter of drying of wet clothes is
nothing but the evaporation of water. So, you notice that the evaporation of
water depends on some factors. To speak the truth, what is true for water is also
true for other liquids. Therefore, we can make a list of the factors on which the
evaporation of liquids depends:

Flow of air: The rate of vaporization increases if the air flows faster over the
liquid.

The area of the exposed surface of the liquid: Evaporation increases as the
area of the exposed surface of the liquid increases. A glass of water takes quite
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some lime to evaporate but the same amount of water poured into a plate
evaporate much faster.

Nature of liquid: The less the boiling point of a liquid, the higher would be the
rate of evaporation. The rate of evaporation of velatile liquids 18 a maximum.
Pressure of air: The lower the pressure of air, the more the rate of evaporation,
The rate of evaporation in vacuum is a maximum, so air is taken out to make dry
food with a pump for preservation of the food.

Temperature: If the temperature of the air in contact with the liquid increases,
the rate of evaporation will increase.

Dryness of air: The drier the air over the liquid surface is, the more the liguid
evaporates.

6.5 Specific Heat

Heal, temperature and the relation between them are discussed so far, however the
amount of heal needed to increase the temperature of an object has not been discussed
yet. You might have noticed that in order to heat some water. it needs to be kept
on the oven for a long time, but approximately the same amount of metal take
little time to be heated at the same temperature. This 1s because, the specific heat
of a metal is much less compared to water. The amount of heat required to
merease the tlemperature of a body of mass 1 kg by 1 K is called the specific heat.
That is, if an amount of heat O is required to increase the temperature from T to
T, the specific heat will be:

@

== m(Ty — T;)

[l‘he unit of specific heat-] kg Kt ]

Heat capacity C is the amount of heat required to increase the temperature 1K of
a body. The amount of heat required to increase the temperature 1K of a body of
mass 1 ke 1s called specific heat. So we can easily find out the heat capacity C of
a body if we know the specific heat of that substance. If the mass of an body 18
m and the specilic heal is s, then the heat capacity will be:
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L =ms
The heat capacity of 10 kg gold is

€C=10x 230K = 2300 K
In comparison the heat capacity of 10 kg water is
C=10x 4200 JK*=42,000]K* ie. about20 times more.

This means that gold or any other metal can be healed quickly bul water cannot
be heated s0 easily.

6.6 Fundamental Principles of Calorimetry

In winter during a bath we ofien pour a little boiling water into a bucket of cold
water. The boiling water slowly become cold by grving up heat to the cold water.
The cold water of the bucket also slowly becomes hot by absorbing the heat
from the boiling water. Within a short time, all the water will get to a
comforiable temperature by decreasing the temperature ol the boiling water and
increasing the temperature of the cold water. If we wish, we can find things like
the amount of heat lost or gained, and their final temperature when various
objects of various temperature are mixed together. To do so we just have to know
a few rules. They are:

(1) The body at higher temperature gives heat (o the body at the lower
temperature until they reach thermal equilibrium.

(2) The amount of heat given up by the bodies at higher temperature will be
equal to the heat gained by the bodies at the lower temperature. (We assume
that no heat is lost in this process by any other means, )

@ Example

Question: A piece of ice of mass 100 gm 1s dropped nto water of 1 Liter at
temperature 30 °C. What will be the temperature of the water after melting the
whole piece of ice?

(Latent heat of ice L=334 kl/kg)
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Answer: Let us assume the temperature of ice is 0 *C.

Mass of ice my = 100 gm = 0.1 kg
Mass of 1liter water m; = 1kg
Specific heat of water s = 4.2 x 10° Jkg K™

The water of 1kg has to supply the heat that is required to melt the piece of ice
and to raise the temperature of the ice melted water to its final temperature, Let
us consider the final temperature of water is T, then the amount of heat absorbed
by the ice is:
Heat required to melt: m L
The heat required to merease the temperature from 0 *C to T after melting; m s(7-0)
The mass of water m, supplies these amounts of heat, so its temperature will
decrease,
That is,

The heat supplied: m,s(30° C—T)

These two types of heat must be equal. Hence:
myL + mysT = mys(30°C —T)

_ 30°CxXmys —myl
B {m1+mg}5’

30x1 x42x10%—0.1x%334 x 10°

(1+01)4.2 x 109 =20"e

Question: What is the final temperature if' | liter of waler temperature 20 “C is added
to 2 liter water at temperature 75 °C?
Answer: Let us consider the final temperature is T, so the temperature of 2 liter of
water reaches T by decreasing the temperature from 75 °C. Absorbing this amount of
heat the temperature of 2 liter water reaches T by increasing the temperature from
20°C.
Hence

Mass of 1 liter watermy = 1 kg

Mass of 2 liter water m; = 2 kg
Specific heat of water s = 4.2 x 10® [kgtK*
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mys(75% C—T1) =mys(T —20° C)

(75my +20mg)s 75X 2+ 20 o -
T T T

Question : A piece of iron of mass 10 gm heated at temperature 120 °C is dropped
into a container of water of mass 1 kg at temperature 30 “C. What will be the
temperature of water?

Answer:

Mass of iron m; = 0.01 kg

Mass of water mz = 1 kg

Specific heat of iron s, = 0.45 x 10% Jkg'K"

Specific heat of water s, = 4.2 x 103 [kg!K?

The amount of heat given up by the piece of iron is equal lo the heai gained by the
water. 8o, the temperature of iron T will be

my5,(120° € — T) = mys,(T —30°C)

o o 120mys, + 30mgs, 120 x 0.01 X 045 x 10° +30 x 1 x 4.2 x 10*_

- C
My Sy 4+ Mys, 0.01 x 045 x 10* 41 x 4.2 x 10%

T=30.1°C

6.7 Effect of Pressure on Melting Point and Boiling Point

If pressure is applied on a substance, its melting point goes down, for this reason
when pressure is applied, two pieces of ice umite together to form a single piece.
Where pressure is applied on an ice, the melting point decreases there and the 1ce
melis, after the removal of pressure the melting point again goes back to the previous
value, As a result the water obtamed from the fusion of ice again freezes mio ice,
Attaching rwo masses to the ends of a string, 1f it is placed upon the surface ol an ice
bar so that the masses are hanging at the two ends; it will seem that the string has cut
the ice bar into two pieces. But examining the ice we will see that the ice 1s still a
single piece (Figure 6.09).

2023



20235

Effect of Heat on Matter 183

Boiling point changes due o pressuse. Boiling point decreases if pressure is low,
boiling point increases if pressure is high. This is why those who go to big heights
while mountain climbing, they have to cook something for a long time because due
to low pressure water starts to boil al
comparatively low  temperatures. As
temperature can not be increased, so it takes
a longer time to cook. Pressure cooksrs
have been made for this reason. During
cooking pressure 1s mcreased by conlimng
the vapors inside and for this reason, the
boiling point of water is increased so water
continues to boil at a high temperature. As
the temperature 18 high. cooking will be
done [aster.

If pressure 15 applied, the melting point of a Figure 6.09: [t is possible to cut a
gas increases. So without too much cooling, 1ce bar by pressing with a fine wire.
a gas can be liquefied by increasing

pressure. Then a lot of heat is produced , which has to be taken out properly.

® Exercise

él%ﬂ General questions

e

1. When a pot of mercury is heated. the height of mercury decreases first then
ncreases. Why?
2. Does temperature exist in space where there are no atoms or molecules?

3. Why do we feel cold when we come from a hot, humid and crowded place to an
open area’

4. Why do the drops of water condense on the surface of a glass when a piece of ice
18 kept n the glass of water?

5. Why 15 cooking done faster in a pressure cooker?
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. Mathematical questions

. Scientist Celsius introduced a thermometer in which the boiling point of ice was
1007 C and the boiling point of water was 0" C! At which temperature the readings
in Celsius and Fahrenheit scales are equal?

2. At which temperature will the density of gold decrease to 0.001% 7

3. The temperature of water increased by 15" C afler a piece of hot iron o[ mass 1
om al temperature 30° C was pul into water of | liter, What was the temperature
of the piece of iron?

4, I 10 J heat is supplied per second to a piece of ice of 1gm at femperature 0°C,
how long it takes 1o vaporize the ice?

5. If the temperature of a gas confined in a closed cylinder is increased from
30°C to 100°C, by what percentage will the pressure of the gas be increased?

Multiple choice questions

Give tick (V) mark by the side of the correct answer.
1. At the time of construction of a rail line why are small gaps kept in between two
raiis?
(a) To save iron,
(b) In summer to increase or to decrease the temperature of the rail line.
(¢) To produce knocking sound when the trains run.
(d) To aveid bending of the rails due to its thermal expansion.

2. Why do we feel comfort when wind is blown by fans over our sweating body?
(&) The wind blown by the fan prevents sweat to go out of the body.
(b) Evaporation produces cooling,
(¢) The air blown by the fan bears cold water vapors.
(d) The air blown by the fan enters into our body through hair follicles.

2025



Effect of Heat on Matter 185

3. With the help of latent heat -—
1. The temperature of a body increases.
1. The state of a substance changes.
i11. The internal energy of a body increases.

Which one is correct?
(a) 1 (b) i1 (c) i & iu (d) i, it & 11

With the help of the figure answer the questionno, 4 & 5

100°C

Temperature
50°C

2 4 6 B 10 12 14 16 18 20
Time (Minutz)

Figure 6.10 : Ice melting graph

4. How much time was required to melt all of the jce?
a) 2 min b) 4 min
c) 6 min d) 8 min
3. What is the required time in minutes for the water to reach the boiling
teraperature?
a) 6 b) 8
¢) 12 d) 18

Forma-24, Physics, Class 9-10
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Creative question

1. The distance between two electric poles is 30 m. A copper wire with a length
of 30.001 m was connected to those two pillars on a day when the temperature
was 30°C. The coefficient of linear expansion of copper is 1.67 10°K". The
wire snapped on a winter day when the temperature of the air was 4° C.

(a) Define triple point of water.

(b) If two bodies have equal amounts of heat, can they be at different
temperatures? Explain.

(¢) Express the temperature of air in Fahrenheit scale.

(d) Explain the cause for the wire to snap with mathematical logic.

2. The length of two metal rods is 6 m. If one rod is heated to increase its
temperature from 30°C to 80°C, ts length becomes 6.0051 m afier
extension. If another rod is heated to increase its temperature from 20°C to
60°C, 1ts length becomes 6.0041 m afier extension. The co-efficient of
linear expansion is a, the co-ellicient ol area expansion is [} and the
co-efficient of volume expansion is ¥

(a)The exchange of heat between two objects depends on which factors?
(b) Wrnite down why temperature and heat are different?

(c) If the temperature of a metal rod is 80° C, what is it in the Kelvin scale?
(d) Make comments about the material ol the two rods with a mathematical
explanation.
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Chapter Seven
Waves and Sound

To understand physics perfectly we need have a clear idea about some topics, one of
them is wave. In this chapter we shall limit our discussions to several types of

mechanical waves which are known to us.

Sound is one kind of a wave. In our daily lives, sound plays a very important
role, so we shall discuss sound, velocity of sound, echo and sound pollution in

this chapter,
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@ By the end of this chapter we will be able to-

explain the characteristics of waves.

set and measure the simple mathemarical relations among the quantities
related to waves.

explain the characteristics of sound waves.

explain creation of an echo.

explain the uses of echo in our daily lives.

set up the mathematical relation among the velocity of sound, frequency,
and wavelength and measure these quantifies.

explain the change of velocity of sound.

explain the range of hearing and 1ts uses.

explain the pitch and intensity ol sound.

explain the reasons and consequences ol sound pollution and the tech
nigues to prevent it.
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7.1 Simple Harmonic Motion

By attaching a mass at the lower end of a spring if we release it after pulling, it
will move up-down (In chapter 3 and 4 we have explained this motion). We have
seen that due to friction or other means, energy is lost; and it stops afier a while.
Otherwise, 1t would move up-down for an infinite time. We have also seen that
in simple harmonic motion, the energy of the mass attached to the spring
exchanges between kinetic energy and potential energy. We can assume that the
spring follows Hooke's law. Let’s recall the law: if the spring constant is k and
the position of the end of the spring is at a distance x from its equilibrium
position, then the restering force Fol the spring is given by:
F=—kx

The harmonic or oscillatory motion that obeys Hooke’s law is called simple
harmonic motion. This is one of the most important motions in physics.

{m
T=2r|—
k

In your book. there is no scope of deducing it, but there is no harm in knowing
it,

If the spring constant of a spring is & and m is the attached mass. then the time
period of the mass is, —

{
T=2rn J-—
g
If instead of being a spring, it would be a pendulum and if the length of the

pendulum ig [ and gravitational acceleration is g, then the time period is:

[
T=2.*rj:-
g

(No, there is no mistake, whether you hang a light mass or a heavy mass,
the time period will be the same, 1t does not depend on the mass.)
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@ Example

Question : Hang a stone of mass 10 gm from a string 1 m long. What is its time

period? r
Answer: T == Eﬂ'j: = E;?I' 5=20s

The time period remains the same whether the mass of the stone is 10 gm or not.
If vou wish, by measuring the time period vou can determine the value of g just
now. Try and see!

If & mass is altached to the lower end of a spring, the mass will extend the spring

and. This state of the spring is called the equilibrium condition (Figure 7.01-0).

Now we pull the mass downward by a short distance o and release it (Figure
7.01). Then the mass will moving upward, crossing the equilibrium condition, it
will move upward by a distance 4. Then again it will be moving downward.
crossing the equilibrium condition, it will come down and this will continue.

TSRRTYR
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v=0 v=0
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v=1[
Figure 7.01: (0) is equilibrium condition, After pulling at position (1), the spring is
oscillating in simple harmonic motion when it is released.

When the mass completes the positions 2 - 3 = 4 — 5 and comes to the
position (6) in the same way (moving upward with velocity v) from where it
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started. then we say a complete oscillation has taken place. It has to be
remembered that completing 2 — 3 positions when the mass comes to the

position 4, it will come to the position from where it started, but it is not a
complete oscillation, Because at the first 2 position the mass moves upwards
and at the next 4 position it is moving downwards, therefore it did not come to
the same or initial position in the same manner,

To analyze the simple harmonic motion, 1t 18 betler 1o explain some quantilies.
The first may be the time period 7. The time required for one complete oscilla-
tion is called the time period. Frequency /1s the number of complete oscillations
per second. Therefore, f= % . 1f time pertod 18 expressed in second, then unit off
£ will be Hertz (Hz).

In simple harmonic motion, amplitude is the maximum upward (or downward)
distance. The maximum displacement is called amplitude. As shown in figure
7.01, here the amplitude is a.

The next term is phase. When the mass aftached to the spring is moving up and
down. it we follow the mass at any instant, we will see that it will stay in a
certain position from the equlibrium; this position is its phase. In simple
harmonic motion this definite condition of the mass and the spring will return
identically just after one time period. In terms of physics, we can say in simple
harmonic motion the phase that develops at any instant, after one time period,
this phase returns again.

7.2 Waves

All of us have seen waves. when a stone is thrown into water then waves spread
out 1in all directions from that point. When a bulb is switched on in the room. the
light that spreads in the room is also a wave. When we talk. the sound that reach
[rom one place to another place is also a wave. When a compressed spring 1s
released, the delformation that propagates through it 1s a kind ol a wave too. In
short, we can say, we can realize what a wave is, But what will we say if we want
to give a nice definition for 1t in terms of physics?
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If the deviation or disturbance in a quantity changes position with time, \l
it 1s referred to as a wave. A single disturbance can constitute a wave,
while a series of repeated disturbances can also generate a wave; in this
contexl, it 18 called a wave train.Generally. the term "wave' refers to peri-

adic wave trains, while single disturbances are less commonly referred
\ to by this term. ./l

Some waves require & medium to propagate, while others do not. Waves that
need a gaseous, liquid, or solid medium to travel through are known as mechan-
ical waves. In these types of waves, the particles of the medium actively partici-
pate in the wave propagation.

When a stone is thrown into a pond, a single wave 1s created that spreads
outward through the water. When the vibrations of a tuning fork travel through
a medium—whether air, liquid, or solid—we describe this as a sound wave
propagating through the medium. When the oscillations of electric and magnet-
ic ficlds transfer encrgy, this is called an electromagnetic wave. Examples of
electromagnetic waves include light waves. gamma rays, and microwaves,
These types of waves do not require a medium to propagate.

7.2.1 Characteristics of Waves

Here. we will discuss some properties of waves. The first property below (1)
applies only to mechanical waves, while the remaining properties (ii-v) apply to
almost all types of waves.

(1)  When a wave propagates through a medium, the particles of the medium
oscillate (vibrate or go up-down) about its own position but are not
displaced permanently with the wave,
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(i1) Energy can be transferred from
\ V= one place to another through waves.
e —— The more the energy, the more the
v By amplitude of the ivc. Energy is
=N proportional to the amplitude of the
wave. If the amplitude is doubled,

A"_’ energy is increased four times,

T AY v (iii) Every wave has a velocity; this
velocity depends on the nature of the

Figure 7.02: A wave is reflectimg and medium. In air, the velocity of sound
refracting through a wire of different cross is 330 m/s, in water this velocity 18
f_-'fciif:n_, (a) When 1t 11':1\-::.1::: from & thin wire 1493 m/s | The velocity of a wave in
to a4 thick wire one type of reflection accurs a tight rope (under tension) will be

{(b)y When it travels from a thick wire 10 a . :
N R " more than the velocity of the wave in
namow wire another ty pe al reflection occurs
a loose rope.

(iv) Reflection or refraction occurs for waves, it is discussed elaborately for
light, in the next chapter. At present you know that at the time of travelling from
one medium to another mediurn, if part of a wave returns back to the first
medium, it 1s called reflection (Figure7.02), When a wave travels from the first
medium to the second, it is refraction.
When we hear an echo of sound, it is

reflection. If we hear external sound when /\ Py

we are submerged under water it is due to \_/ \/

refraction of sound. +
L +

(v) Among all the characteristics of waves, AN £\

the most important is superposition, even \\_/ \/

though this 1s not observed often by our eyes

in our daily lives. Let us consider that two ‘ *
waves coming from itwo different places
reache one place. When one wave is positive

another wave 1s then negative what happens

then? These are the subjects of superposition,

which will give you a deep insight into Figure 7.03: Addition of two
waves., and you will be able be wavescancreate alarge wave, one
understand it very clearly. At present, caneven cancel the other.

Forma-25. Physies, Class 9-10
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only two easy matters are shown m figure 7.03. The two waves, can reinforce
one another or can destroy each other.

@ Do Yourself

6—:}1}1‘ some water on a big plate in a bright place. Make sure that lhereb
no vibration on the plate. If vou touch any point of the water, the wave
will spread around from that point and at the bottom of the plate you will
see its shadow or reflections. Touching just the centre of the water of the
plate, you will see a wave starting from the centre and spreading to the
edge of the plate and again returning to the centre after reflection from
there. If the wave can be created properly, meeting at the centre it will
again spread around. If you try a little bit, you can measure the velocity
of this wave. Try and see.

K‘What will happen if you touch a little further from the centre? Try and
5

o, _,/

7.2.2 Types of Waves

—~ Ak

Figure 7.04: Sound is a longitudinal wave of compression and rarefaction
created by the pressure in air. Here A is the wavelength

2023



2023

Waves and Sound 195

When a wave propagates through a spring, the wave moves forward by
contraction and expansion of the spring. Again by shaking one end of a rope a
wave can be formed and can be sent through the rope. There is a fundamental
difference between the two waves. The wave formed in the spring was of
contraction and expansion, the direction of contraction and expansion of the
spring and the direction of wave is the same. The name of this wave is longitudi-
nal wave. Sound (Figure 7.04) is this type of a longitudinal wave.

1. Make a photocopy of this 3. Now put the rectangular paper
and cut it as a circle. on the circular paper and enter a
stall pin through the cros mark (x)

o 1]
2, Make a void by cutting along 4. Now rotate the circular paper upwords
the middle of the paper as shown as shown in the picture.

m the above picture.

Figure 7.05: Model of how longitudinal wave advances.
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When we produce a wave m the rope by shaking it, there the vibration of the
rope does not take place along the direction of the velocity of the wave. The
direction of vibration Le up and down of the rope, is perpendicular to the
direction of the velocity of the wave. The name of this type of a wave is a
transverse wave. The wave produced in water 1s an example.

@ Do Yourself
\\

/Make a photocopy of figure 7.05. Now cut it shown as in the figure.
Observe that a small window i1s made on the rectangular paper below.

Now put the rectangular paper on the circular paper. Now enter a small
wire or pin through the cross (x) mark and [old the wire by pressing it.
Now rotate the circular paper below and see through the cut portion,
clearly you will see how longitudinal waves advance. j

7.2.3 Wave related quantities

The quantities we have talked abourt in simple harmonic motion, actually all of
them can be used in case of waves. In a wave complete oscillation occurs, it has
a time period, frequency and amplitude. We have seen that when a wave
propagates, if we look at a particular particle of a medium, we will see that the
particle is executing simple harmonic oscillation!

In case of wave we can talk about two new quantities, one of them is the
wavelength. Wavelength is the distance from any phase of the wave to the next
identical phase (Figure 7.04), Therefore, the distance travelled by a wave in one
time period is the wavelength.

In waves there is a second quantity which is not present in simple harmonie
vibration, this is wave velocity. The distance travelled by a wave in one second
is called the wave velocity. The number of time periods present in one second is
the frequency, if the frequency is fand wavelength is A. then the velocity can be

expressed as,
v=fi

When a wave travels from one medmm to another medium, then change of ifs
velocity occurs. Since the frequency always remains the same, so when a wave
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travels from one medium to another then its wavelength changes. Therefore,

when waves propagate through different medium, its velocity or wavelength
changes, bul [requency or ime period never changes,

@ Example

Question: In figure 7.06 a wave 1Is

shown. Among the wave’s amplitude,

wavelength, time period, frequency and

velocity which magnitude can be

g;atermined from the figure? Determine
em.

Answer: From the information that is
given m the figure, only amplitude (0.1
m) and wavelength (2 m) of the wave
can be determined. It is not possible to
determine time period, frequency or
velpcity from the information that are

displacement(m)

i 2 3 4
position (m)

Figure 7.06 : A wave with respect

to position

siven in the figure! The wave shown above is the condition of the wave at a
particular time. Here there 1s no information how the position changes with time.

Question: In figure 7.07 another wave is shown. Among the wave's amplitude,
wavelength, tme period, frequency and velocity which magnitude can be
determined from this figure? Determine them.

ﬂ-z B T

4

AWAS
< M N

displacement(m)

time (5)
Figure 7.07: A wave with respect to time

The amplitude (0.2 m) and time
period (2 s) of this wave can be
determined:; from this figure other
information cannot be determined.
How the wave changes with time at
a particular position is shown m the
figure. So, it is nol possible to
determine the wavelength.
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Question: Figure 7.08 shows a wave at a particular time in different position and
for a particular positions in different times. Determine its amplitude,
wavelength, time period, frequency, and velocity.

Answer: From the first figure we see that. the wave has.
Amplitude, a = 0.1m
Wavelength, A=1m

From the second figure we see that, the wave has,

Amplitude. a = 0.1 m {(we know it from the first figure also)
Time period, T = 0.2 5
We can caleulate frequency f from the time period,

1 1 cH
—_ —_— = — = z
T 2
T o[ AT T T g 01 — 1.1 17
E £
E ° g °
: \/ \/ i \/ \/
Lg‘-l‘.l,l 2 -0
1.5 2.0 = 0.3 04
pusitiun {m) time (s)

Figure 7.08: A wave with respect to posihion and time simultansously

Therefore. using the mformation of the two fizures, we can sa
£ g A

v=Af=1mx5Hz=5 m/s

Question: In figure 7.09 a wave is shown, where A, B, C, D and E is markedas
different positions. At which positions are the phasesequal?

Answer: At A and C, phases are equal.

At A and B, though the amplitudes are equal their phases are opposite.

At D and E, though they are equal, phases are not equal.
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A B € DE

Figure 7.09: Phase of a wave at different position

7.3 Sound Wave

To produce sound waves a source is needed, a medium to send it through, and
any type of receiver to receive that sound. There are many sources of sound
around us, Obviously, the most familiar source i1s our throat; sound is created by
the vibration of the vocal cord when air flows through it in our throat. We will
teel the vibration if we touch our throat during conversation.

Certainly you have noticed that the voice of a male is deep and the voice of
female and children is sharp. When we make a sound then air comes out through
throat from our lungs. In our throat there 15 a wind pipe through which air enters
the lungs and come out from the lungs. To produce sound larynx is situated upon
it. There are two membranes which work as valves, called the vocal cords.
These vibrate during the flow of air and produce sound. The vocal cords of
males become stiff with the increasing of age, whereas for females it remains
sofl. This is why males produce sound of low frequency and females produce
sound of high frequency. Due to this, the voice ol males 1s deep and that of the
females is high pitched.

@ Do Yourself

Cut a piece of paper as shown in Figure 7,10, Placing it between the two
fingers, blow, keeping 1t on your mouth. The two pieces of paper will vibrate
like vocal cords of the larynx and produce a sound. Cut the paper in different
ways and (ry 1o produce different kinds of sounds.
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Besides throat, sound can be

produced by wvibrating the

diaphragm. When you hit your
school bell it starts vibrating and
sound 15 produced. If you grip the
bell then the vibration will stop and
the sound will stop mstantly. Afier
producing sound by vibration, we

Physics

thin

need a medium to transmit it from  Figure 7.10: Sound can be produced by

one place to another. Sound can preparing vocal cord using paper and
also be sent through liguids blowing it.

and solids but we are used to hearing sound using air as a medium, To show
that sound cannot propagate without a medium, we keep a calling bell as

Figure 7.11: The sound of the
calling bell will not be listen if
it is evacuated gradually by a

pump,

shown in Figure 7.11 in the laboratory. The
callimg bell can be sounded by supplying
electricity [rom outside, The sound of the
calling bell will be slowly dulled il it is
evacuated gradually by a pump. If the bell jar 15
completely emptied of air, though the bell will
vibrate inside but it seems from oulside that
there 18 no sound.

We can hear sound with our ears. The sound
that can be heard has frequency between 20 Hz
to 20,000 Hz or 20 kHz. (Usually hearing
capability decreases due (o continuously
listening to songs with head phones or staying
in sound polluted areas.) 1f the [requency of
sound is less than 20 Hz. it is called infrasound,
and 1l the [requency ol sound 18 greater than 20
kHz it is called ultrasound. If frequency less
than 20 Hz or greater than 20
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kHz 1is generated, then the movement created in air will not be heard by us. To
detect such sounds we can use a special type of microphone or receiver. Many
animals can hear sounds of low frequency. Before earthquakes. sounds
of low frequency are generated, and
often hearing this sound animals panic
and leave the area.

Characteristics of sound wave
Sound 18 a mechanical wave, because
sound wave 18 produced due to the

vibration of body, and for its transmission
an elastic medium is needed. This is a
longitudinal wave, because the direction of
propagation of the wave and the direction
of vibration 1s the same, The velocity ol
sound depends on the property of the medium, In gaseous mediuns its veloeity
is low, in liquids greater, and in solids it is much more. The velocity of sounds
depends on the temperature and humidity of the medium. The intensity of sound
is proportional to the square of the amplitude of the wave. Therefore, if the
amplitude of a wave is high, the intensity of the sound will be high and if the
amplitude is low, the intensity will be low.

@ Do Yourself:

/[_ake two plastic glasses. Make two small holes on the bottom of the glass;
with a hot safety pin. Put thread through this hole and tie the thread inside
the cup (Figure 7.12). Tie the two plastic glasses with long thread. One
person should hold one cup and another should hold the second cup. One of
you speaks, and the other person listens, (Keep the thread stretched.
otherwise sound cannot be heard.) We are so used to hearing words in air;
we think that sound goes only in air. This experiment is the proof that sound

Qan propagate through liguids or solids like other medium too. /

Figore 7.12: “Phone™ can be made
by tymg thread behind the plastic

g]ﬂb:.

Forma-26, Physics, Class 9-10
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@ Example

Question: Sound of frequency 1 kHz 1s produced by a tuming fork. It was
allowed 1o pass through air, water and iron. It was found that the velocity
of sound 1n air 15 334 m/s, in water is 1493 m/s and in iron 5130 m/s. What
are the wavelengths in these mediums?

Answer:

Velocity of sound= Af, here A is the wavelength, and f is the frequency.

Here frequency is | kHz or 1000 Hz.
A=

o=

: =1
Inair, A=—" " =0334m

10351

1493 M0
1u3$~1

1
In water, A= =149m

7.3.1 Echo

Since sound is one type of wave, it can have reflection. If someone speaks in a

big empty building it creates a reverberating sound, which is known as *Echo’,

This is due to reflection. Within the building the distance is not enough 1o
hear the sound separately. When we hear something the feeling persist for
around 0.1 s, so to hear two sounds separately. it needs separation of 0.1 s
differences between two sounds.Velocity of sound is 330 m/s, therefore to create
a difference of 0.1 s, sound has to travel at Ieast 33 m.

If we stand in front of a big wall, a building, or a high hill at least half of this
distance (16.5 m), the sound will take 0.1 s to come back afier being reflected
and we will hear the reflection of sound or echo,
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Bats have eyes and pretty good eye sight, yet they use echo during flight.

While {lying a bat uses its throat to produce sound, il there is an obstacle in the front,
the sound returns atter reflection, and the bat can estimate the distance from the
tume of the returning sound. For this reason, the bat can tly even in dark
without being obstructed. We cannot hear the sound produced by the bat;
because the sound is ultrasound i.e. frequency of the sound is beyond our
hearing range. Bats can produce sound of frequency 100 kllz or more.

7.3.2 Variation of Velocity of Sound Table 7.0: velocity of sound
In air, velocity of sound 1s proportional to the in different medium
square root of temperature. i.e. Medium  m/s

v o NT Alr 330
Here the temperature is not Celsius temperature. Hydrogen 1,284
Temperature in the Kelvin scale, Mercury | 1,450
The velocity of sound does not depend on the air Water | 1,493
pressure. But it is inversely proportional to the | Iron | 5130
square root of the density of air. So if there is water  Diamond | 12,000

vapor in the air, its density decreases, hence velocity increases.

Sound is a mechanical wave. It depends on the elasticity of the medium. The
nature ol liquid and solid is ditlerent from air and naturally the velocity of sound
1s different there. In liquid the velocity of sound 1s more than that i air and in
solid velocity of sound 1s even more than 1n liquid.

@ Do Yourself

Put vour ear at one end of a table, tell someone to knock at the other end.
You will hear the sound of the knock clearly, because solid substances
are much better medium for sound than air.

@ Example

Question: At a certain place, the temperature in the winter is 10°C and veloeity

of sound is 332 m/s, if the temperature is raised to 30°C in the summer what is
the velocity of sound?
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Answer: _— ”.rf

[ . Ty
v, T2
T, ’2?3 +30
W =12 TTE = 332 mm{s = 343.5 I'.t'I,I’S

7.3.3 Uses of Sound

We need not talk much about the common uses of sound. We speak, listen 1o
songs, doctors hear the heart beat, engineers hear the sound of instruments efc.
There are other applications of sound, which vou may not have heard about.
Previously we could not see from outside the fetus that grows in the womb of a
pregnant mother; which is now possible with the help of a process called
ultrasonography.

Three dimensional Seismic Surveys
Seismic Survey is done to explore
whether gas or oil is present below
the earth. To do this, a small blast is
done a little below the earth. Sound
ot the blast hits the different layers
of the soil and returns after
reflection. The reflected wave is
detected by a special type of
receiver named a geophone (Figure
7.13). Analyzing all information a
perfect three dimensional picture of
the soil is formed, from which gas  Figure 7.13: Information abourt different
or oil is present or not is layers af the earth can be known, by the

determined, Since we know the reflection of sound.
position of the source of sound and the geophone, the distance of the different
layers of soil can be calculated accurately from the time required for the sound

to reach from source to geophone.
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Ultrasound cleaner

Ulirasound cleaner is used when we need to clean small instruments perfectly in
the laboratory. The small instruments are immersed in a liquid. and subjected to
the ultrasound wave, the vibrations of which remove the dirt.

7.3.4 Musical Sound

We hear different kinds of sound. some

of these sounds are sweet and some of  yigin WW

them are annoying. The sweel sounds

are the sounds of musical instruments. In  TUmPet ’\!‘M-H—’
figure 7.14 the waves of sound of some Flute ’U‘FWWWH

musical instrument are shown. You can

see that all of them are periodic Flue ‘E}IMVUWM |

vibrations, In a tning fork a perfect [ams]  time
vibration is created. But in a musical Figure 7.14: The sound waves of
sound there is not only a single wave, different musical instrument

many waves superpose on one another to
make the sound melodious.

Different types of musical mstruments that are used to produce melodious
sound, can be divided into three groups:

Musical instrument made of wire: Ektara (Monochord), Violin, Sitar
Musical instruments based on air flow: Flute, Harmonium
Musical instrument made of percussion: Dhol, Tabla

Now-a-days melodious sounds are produced using electronics in a completely
different way.
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7.3.5 Sound Pollution

Sound is essential in our life, but excessive sound makes our life intolerable.
Those who live m cities, especially those who live besides a road observe
that the sound produced from engines of
bus, car, truck and of continuous horns
goes bevond our tolerance limit very

Table 7.02: Intensity of sound of different types

often. Most of the time we are used to | Jerengine | 110-140dB |
living in such types of pollution for a | LrMc 80-90 dB |
long time. If we are fortunate enough to | S | 60-80 dB .|
g0 10 a quiet place where there is no | Lelevision | 50-60 dB

sound pollution then suddenly we can | Conversation | 40-60 da !
realize the importance of life without | Breathing | 10 dB |
sound pollution. The intensity of I_S_‘?"_n_d of mosguito: | 0 dB

Wings

different types ol sound are shown in
Table 7.02.

Due to sound pollution. we are losing our hearing capability. To intensify the
problem many of us listen to songs using headphones in the sars.

To reduce sound pollution the first step 1s to make laws against it. The second
step 18 to make public awareness. This issue has to be clarified to all, using horns
while in cars as little as possible, installation of sound absorbing machine in the
industry, making less uses of loud speaker, using vehicles of less sound ete. In
addition, steps be taken ol plantation of trees in the empty places m cilies.
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Exercise

Genarel question

Show that a wave can transfer energy from one place to another.
Why is sound produced in whistle?

*When a wave propagates, the medium does not flow. It executes
simple harmonic oscillation about its position™, True or False?

Why is sound produced in a thunderstorm?

What problem would arise for a bat if it creates infra-sound instead of
ultra- sound when flying?

. Mathematical gquestions

amplitude (m)

0.1 ~ 0.1 [ [
RANAN
0 g o
E \/ \/
&
-0.1 E-ﬂ.l
1 2 3 4 010 045 020
position (m) time (s)

Figure 7.15: A wave with respect to tme and position

A wave is shown in Figure 7.15 with respect to time and position, What
is the velocity of the wave?

The ratio of velocity and of an object in a medium velocity of sound
in that medium iscalled MACH. What is the velocity of the fighter plane
MACH 97

In summer. the velocity of sound is increased by 0.5 % in a town. I the
temperature in winter is 10°C, what is the temperature in the summer?
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4. We can hear sound from 20 Hz to 20 kHz. What are the wavelengths of
sounds of 20 Hz and 20 kHz?

\o> .
Multiple choice questions
F q

Put tick (¥) mark on the correct answer
L. What type of wave is sound?
(a) Transverse wave (b) Electromagnetic wave
(c) Longitudmal wave (d) Radio wave
2. In which medium is the velocity of sound maximum?
{a) Solid (b} Liquid
{c) Gaseous {d) Plasma
3. Why is a dead bat seen hanging from an electric line?

(1) Bats are attracted by the induced electric field caused by the current carrying
lines.

(if) Tt did not hear the echo of ultrasonic sound ahead. —t
(i1i) It is hanging with one wire and touching the other. 20m
Which one of the [ollowing is correctl?
(a)iandii  (b)iand iii A = B
(c)iiandiii  (d)i.ii and iii “=1“f"]
Figure 7.16

In Figure 7.16, § is a source of sound and AB is the surface of waler. Answer
questions 4 and 5 on the basis of the given information and the figure
considering the velocity of sound as 332 m/s .
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4. What will be the maximum height of water to hear the echo?
(a} 13.40 em (b) 13.40m
(¢) 3.40m (d) 340cem

5. How much time 1s required to hear the echo in case of the given figure?
(a) 0.10s (b) 0.12 s
(¢) 0.14 5 (d) 0.18 s

Creative questions

1. Rafsan is taking his test examination of class ten. s physics exam is onthe
next day. There is a marriage ceremony in their neighboring house. The music
was played loudly there till 2 am at night. This loud music hampers his studies
very much. Iis father 1s a patient of high blood pressure. It is also
uncomfortable for him.

(a) What is sound pollution?

(b} Explain the causes of sound pollution.

(c) What troubles may Rafsan’s father face due to sound pollution? Write

down the effects of sound pollution on public health.
(d) What measures can be taken to prevent sound pollution?

2. Using the information given

below and based on Figure 7.17
answer the following questions. ~ Frequency of sound = 1200 Hz
(a) What is periodic motion? Alr femperstrs = 30
(b) Why is water wave a
transverse wave? Explain, S
(¢) Find the wavelength of sound. o4 18 m
(d) Is it possible to hear echo at
position 8? Verily the
mathematical logic.

Forma-27, Physics. Class 9-10
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3. During summer vacation, Nusrat visited Sajek with her family. To hear an
echo she screamed loudly beside a hill. But, hearing no echo, she felt sad. Then
her father told Nusrat to move 3 m and to make a sound. This time Nusrat heard
the echo. On that day. the velocity and frequency of sound was 332 m/s and
1328 Hz.

(a) What 1s an echo?

(b) Why is a minimum distance necessary to hear an echo?

(c) What is the wavelength of sound produced by Nusrat?

(d) How far does Nusrat have to move backward if she wants to hear an
echo after 0.3 s of screaming”?
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Chapter Eight
Retlection of Light

When light reflects on the objects around us and comes inlo our eyes, we can see
those objecis. In the previous chapter we have learned about sound as a wave. In
this chapter we will learn about light as a wave. This wave is a different kind of
wave, called an electromagnetic wave,

When lLight is reflected on a plane mirror, 1t creates an image. All of us are
familiar with this image. If a curved mirror is used instead of plane mirror, it will
create a different kind of image. We will discuss different types of images in
different mirrors in this chapter.
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Physics

By the end of this chapter we will be able to-

explain the nature of light.

explain the laws of reflection of light.

explain mirrors,

explain images.

explain the formation ol images in mirrors by drawing action line of
light rays.

explain some commeon phenomena of formation of images in mirrors,
explain uses of mirrors.

explain magnification.

demonstrate formation of Images.

understand the influence of different optical phenomena and their

contributions in our life.
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8.1. Nature of Light

What we see with our eyes is ight. We see trees. the sky. chairs and tables,
human beings, but that deesn't mean that these are light. Light reflects from
these objects and comes into our eyes, and the retina of our eves creates and
sends signals to our brain. Then our brain can recognize whether it is & tree or a
human being. The whole process starts with light entering into our eyes.

Wavelengih (m)
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Firure 8.01: Spectrum of light and sensitivity of eyes to different colors

Light is an electromagnetic and periodic wave. Every periodic wave has a wavelength,
which means light also has a wavelength. Those of us who have produced waves by
throwing a stone in a pond or by shaking a rope know that we can create waves of
different wavelengths if we desire. So lLight may have different wavelengths.
Electromagnetic waves may have any wavelengths.

These wavelengths may be greater than a few kilometers or may be one trillionth parts
of one meter. (1trillion=10"*) We can only see a small part of this large range of this.
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We cannot see it if the wavelength is larger or smaller than this range. If the wavelength
15 from 400 nm to 700 nm. we can sée the eleciromagnetic wave, and we call that light.
The colors we sée m our eyes are actually lights of different wavelengthe. When the
wavelength is less, it becomes violet, When the wavelength increases, the light
gradually becories blue. green, yellow, crange. and red, and at one point it disappears!
Human eyes cannot see beyond this range- but various nsects or other living beings
can see oulside this range. The sensitivity of human eyes to different colors of light iz
shown in Figure 8.1.

@ Do Yourself

Hold a CD in the sunlight and reflect the light on a nearby wall. You can see
the full spectrum of light on the wall. CDs have sharp indentations which
work as grating and separate the colors.

In Figure 8.01. the name of different wavelengths is shown. If the wavelength is
less than the smallest wavelength of visible light, then we call it ultraviolet light.
If the wavelength is even smaller than it is called x-ray. and even smaller is
called gamma ray- which comes out from radioactive nucleus. If the wavelength
is larger than the largest wavelength of visible light, we call it an infrared ray. If
it gradually becomes larger we call them microwave, and then radio waves! To
learn physics this division ol wavelengths 15 one of the most important topics.

@ Do Yourself

’/We canmot see infrared rays with naked eyes because of their higg\
wavelengths. A TV remole emits infrared rays that we cannot see. You may
see this through mobile phone camera because a special type of light sensitive
IC named CCD is used, which can detect some infrared light with visible

nghi. /
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You can see that the wavelengths of visible light are very short but there are
many interesting experiments in physics, using these we can observe various
properties of this wavelengih.

I we want to know more about light, we can start with reflection.

8.2. Reflection

[f we talk about reflection what we
imagine is standing in front of a

mirror, but reflecthon 15 much absorption
more than that. When light is reflection
sent from one medium to another, = astion

three different phenomena occur
simultaneously. One of them 1is
reflection and the other two are
refraction and absorption. (Figure tirst medivm second medium
8.02)

While traversing from the first
medium into the second medium, if
a part of light returns to the first another.

medium, the phenomenon is called reflection. Some parts of 1t may enter the
second medium which is called refraction and some ol it may be absorbed which
is called absorption. In this chapter we will discuss reflection and in the next
chapter we will discuss refraction.

Figure 8.02: Reflection, refraction and

absorption of light from one medium to

It has been said earlier that light is a wave. Generally a wave needs a medium to
travel, (I there is no waler how will a wave be created in it). But this 1s dilferent
in case of light. As this is a wave consisting of electric and magnetic fields, so
light does not need any medium to travel. Light can create its wave of electric
and magnetic felds and can propagate by itsell. So when we talked about the
first and second medium for reflection or refraction, one of this medium can
even be vacuum. To speak the truth. the examples we see for reflection and
refraction in glass or water, there, one medium is glass {or water) and other is air.
Air is such a light medium that we can consider it as a vacuum.
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8.2.1 Laws of Reflection

Before understanding the laws ol reflection, we need io define some terms.
When lights incident [rom one medium to another, for the time being we assume
that it is a plane surface. To understand better, we will assume that the light that
reflects is a light ray or a light beam. When a light ray from the first medium
to the second medium is incident on a point, first we have lo imagine a
perpendicular at that point which is called a normal. Then imagine a plane that
contains this incident ray and the normal (Figure 8.03).

The ray, which is incident at a point,
from the first to the second medium
18 called the incident ray (X0O). The
ray which is reflected (OX') is called
the reflected ray. (You are realizing

first medium

that the ray which enters the second
medium is the refracted ray- we will
not discuss it in this chapter). The second medium
angle between the incident ray and

the normal 1 called the incident

angle (0) and the angle between the
reflected ray and the normal is the Figur 8.03: Reflection of Light from first to
reflected angle (H:)' Now we can second medium

state the two laws of reflection:

First Law: The reflected ray will be in the plane which we imagined
through the incident ray and the normal.

Second Law: The reflected angle is equal to the incident angle.

@ Example

Question: Two mirrors are placed as shown in figure 8.04. A candle is placed at
point X between the mirrors. Where image of the candle will be formed?
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Answer: The image will be seen in the mirror. An image of that image will be
seen eventually in two mirrors. Therefore, as shown in the figure, an infinite
number of images will be formed.

FUETer MUITor
' d, dy o Oigdi

dif A g
AL L AR

| ds + g« ds
da

- -

x: Xl= i x ; ;xl 'xll x‘-lu

Figure 8.04; If' a candle 15 placed between two parallel mirrors, the image

X' and image of image X' L.e. X", X', .. will be [ormed.

Here two laws of reflection have been stated. But everything about reflection 1s
not yet discussed. The most important matter has not been discussed yet, that 1s
how much will it reflect? If a mirror 1s used for reflection, 1t reflects fully. But
the word reflection is not only meant for mirrors, it may occur between any two
mediums. Fresnel's law describes how much it will reflect. You will learn more
about 1t in higher classes. The main thing is, the larger the angle ol incidence, the
more the amount of reflection (Figure 8.05). In normal glass, light is reflected
slightly ( only 4-3% ), and the rest is refracted through the glass. But if the angle
of incidence is higher (like 80% or 90°,) then reflected light increases greatly. You
can est it standing beside a window.

N

Figure 8.05: Rellection increases for hicher incident angle

Forma-28. Physics: Clags 9-10
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Absorption

Much of the beauty of the world around us comes from different colors. But how
does the color appear? Why is the color of a rose red and a leaf green? You will be
even more surprised (o see a red rose as black under green light or a green leaf as
black under red Light!

This iz actually wvery easy
to explain; in  visible light
(sometimes called white light)
every wavelength is present. Since

colors depend on the wavelength \\\\;‘“\A
of light, it can be said that light of WY . B
all colors are present there. When

white (all colors)
red

%

all colors are present together, then
individual colors are not seen
separately- then we say the light is
colorless or white light. When this
light falls upon a red rose. then the
rose absorbs all the colors except
red. The light that reflects and
come to our eyes, only has red and

Figure 8.06: Absorbing all colors which
colour is reflected by an object that is
censidered its color
we sce the rose appears as red.
Similarly. when light ol all colors [alls upon a green leal, it reflects only green
licht and absorbs others, so we see the color of the leal as green. (Figure 8.06)

If the rose and leaf are seen under full red light then the flower will appear red as
it dogs not absorb red color but the leaf will appear black. Because the leaf
will absorb the color red and will not reflect any color. So we will seg the leaf as
black. Similarly, under green light we will see the leaf green but the rose black.
Because the red rose will absorb the green light totally and no light will be
reflected from the rose. so it looks black.
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8.2.3 Reflection from smooth and rough planes

Parallel light rays become parallel after reflecting from mirrors or smooth plane
surfaces because each ray obeys the law of reflection and reflects with an angle
of reflection equal to the angle of incidence. Even if the plane is not smooth.
every ray of light will obey the law of reflection. But the rays are incident at
different angles at different points of the plane, therefore the rays will reflect in
different angles afier reflection. After reflection, the reflected ravs are not
parallel and spread in different directions. (Figure 8.07) These types of
reflections are called irregular reflection.

Figure 8.07: Light reflects from smooth surlaces and scatters from rough surfaces

8.3 Mirror

All of us have seen mirrors. In a mirror a
clear image 1s formed due to uniform
reflection. A metal layer is placed behind a
glass mirror for proper reflection. 4% light
is reflected from the front part of a mirror,
but the back part reflects [ully and forms
the original tmage. When the original
tmage s very important in optical

mstruments like telescopes, the silver or .y
alumimum layer is coated on the glass 8
surface, 5o that the two images, one 4%

Figure 8.08: The image of X

lighter and other 96% clear are not formed,

rather it forms a 100% clear image. object will form in X' position
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8.3.1 Image

When you stand in front of a mirror, you see your own image. The closer vou
stand; the image seems to appear at the same distance behind the mirror. In
figure 8.08, X is an object from which three rays have been reflected in mirror
AB (therefore, meident angle = reflected angle). If we extend the rays behind the
mirror it will seem to converge to a point X'. This point is the image of object X.
For a real object, there are infinite number of points and each point forms an
mage and collectively makes the image of the object.

If we want to define the position of the image using geometry we need to draw
at least two rays. It will be easier to draw the picture if we consider XP (normal
to the plane) and XO as ray as shown in figure 8.09. Triangle OPX and OPX' are
congruent. Therefore XP = X'P. which means the image has formed at a distance
equal to the distance of the object from the mirror.

@ Example

Question: Show that, triangle OPX
and OPX' are congruent.

Answer: Here, 2 XP0O = /X'PO
because both of them are at right
angles, as XP is normal to the plane.
According to the law of reflection.
mcident angle is equal to angle of - i P "“:;,:.x
reflection, therefore./ XOP =ZROA. (i
Again ZROA =2 X'OP. B
Therefore, between triangle OPX and
OPX', OP is the common arm and two
angles on both sides are equal. So.
iriangles are congruent

Therefore, XP = X'P. of the object at position X

Figure 8.09: Two light ravs XP and

XO are sufficient to draw an image

The image we see in a mirror i3 not actually real even though it seems real. This
is because light is not actually coming from the place it appears to be coming.
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Later, we will see that sometimes images are really formed by converging light
and Light rays come from there. This type of image 1s called a real image and 1t
18 possible to do many things with this type of image. In case of the image
formed 1n a mirrer, light does not actually come from the image, so this is virtual
image.

Figure 8.10, shows how an mmage i1s formed for an extended object
instead of a single point. Light coming {rom points X and Y reflect from the
mirror and form a virtual images at pomnt X' and Y' respectively, light appears
to be coming from X' and Y'. You can clearly see that length of XY is equal to
the length X'Y". If the arrow head of XY is on top, the arrow head of X"Y" will
also be on the top.

So the image in a mirror is: X
(a) Equidistant from the mirror
(b) Virtual
(¢) Straight and
(d) Equal to the size of the object Y'

Figure 8.10: XY object’s image X'y’
We are reminding these separately, because later we will find that il we use
mirrors of other types instead of plane mirrors, the image may Lorm at different
distances, may be real, may be inverted, may even be small or large.

@ Do yourselfl

Figure 8.11: Kaleidoscope can he made using three glass picees.
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(Take three pieces of glass of similar size (you can f{ind this from p’lmtﬂ—l:'ra.n;:t\
stores). Form a triangular shape with these three pieces and wrap them with
paper. Stick them in a tnangular shape with glue as shown m Figure 8.11.
Cover one side with thin paper. Now put some colorful stones or colored
beads or pieces of bangles inside it and look from the other side. You will see
some beautiful patterns. This setup is called a kaleidoscope. If you rotate this
instrument, you will see the patterns in movement. Continuous reflections on
the glass create this pattern, You may think that in normal fransparent glass
the reflection is less, but in a kaleidoscope the incident angle is larger,
therefore the amount of reflection s also higher.

. "

@ Example

Question: What is the required
length of a mirror to see a
full-length image?

Answer: From the geometry
shown m Figure 8.12, it ¢can be
said that the length of the mirror
is 0.75 meter. The mteresting
thing is that, whether you stand at
a distance of 1 m or 10 m from the
mirror. the size of the mimror
needs to be half of the length of
you for you to see your whole Figure 8.12:To sce the full image it is not

body. If your mother or father or necessary of a full length murror.
anyone wants to buy a tull-length

plane mirror, you may suggesl

them to buy a half-length plane mirror!
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Question: Two mirrors are placed mutually at 60°
angle (Figure 8.13). IF light is incident on the first
mirror at an angle of 60°, what will be the direction

of light? \@
7 [ag

Answer: From geometlry it can be said that
the ray will incident on the point B
perpendicularly, and reflect in the opposite [igure 8.13: Two mirors keptaf
direction. an angle of 60°, light iz incident at

point A on 8 mirror 8t an angle 60°,

w_= ¥

Figure 8.14: Image of an object can be formed using fine holes,

In a dark room, make a very small hole in the middle ol a piece of
cardboard and place a candle before it. On the opposite side of the board,
hold a white paper, as shown in Figure 8.14. If you do not allow any other
light to fall on the white paper, you will see an image ol the {lame ol the
candle. By moving the white paper in forward or backward, the size of
the image can be made small or big. Is the image real or virtual? Straight
or inverted? Is it equidistant or not? Large or small?

You can understand. the image is real, inverted. clear at all distances and
as far as it forms, larger in size. Through this process, a pin hole camera
1s made.
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@ Example

Question: As shown in Figure 8.15, two /) B

mirrors AO and BO are placed : (\
perpendicularly to each other. Hold your left _{‘5‘% %&_
hand in front of it. Now draw the images of -

A O A
your hand. o
Answer: Your hand is in AOB. In A'OB is - ! _
the front-back image of your hand. In AOB' % E gT
is the up-down image of your hand. Notice E-E (/f
that in both cases your left hand image '

stob ight hand. In A'OB'
a?pearq 2 ?Fﬂm righ ?an . Figure 8.15: Dillerent reflections
will see the image of the image. of the left hand grip in two mirrors
kept perpendicularly
This can be the up-down image of A'OB or can be the front-back image of AOB'.
Notice that after one reflection your left hand seems to be your right hand, but

after two reflections (reflection of the reflection) your left hand appears as your
left hand.

8.4 Spherical Mirror

We all have seen ordinary plain mirrors but
may not have seen a real spherical mirror. But
the main concept of a spherical mirror can be
seen in a new shiny spoon. Spherical mirrors
are ol two types- concave and convex. We can
make concave or convex mirrors by cutting a
portion of a hollow sphere and coating its
surface with a silver or aluminium layer.
Whether the spherical mirror will be concave
or convex depends on which surface is coated Figiive 8.16: Th opposice plane

with silver or aluminium, of a spoon works as convex
mirTol
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8.5 Convex Mirror

An actual convex mirror is a part of a real sphere. Let, the radius of the sphere
be r (Figure 8.17). A part of it has been cut to make provision for reflection of
light from the convex side.

If a parallel light beam is mcident on the mirror, the light will scatter in all
directions. If we extend the scattered light rays towards the center of the mirror.
it will seem like they have come from a point. This pomt is called the focal point.
The center pomt of the surface ol a convex mirror that reflects the light 15 called
pole and the distance of the focal pomt [rom the pole 1s called the focal

length (1.

We can imagine a spherical mirror as a part of a sphere. If the radius of this
sphere 15 1, its focal length would be = /2 .

focal
length

r
— —a

A OA A A A

Figure 8.17: Focal length ol a convex mirror 1s hall of the radius of the sphere.

@ Example

Question: Prove that, = /2

Answer: Interestingly, you cannot prove this completely. You can only go close
to it. Let two rays parallel with the principal axis of a spherical mirror

Forma-29, Physics, Class 9-10
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come [rom A and B respectively. The first ray has come (o point X and the
second one has come lo another point Y. The ray coming (o point X will be
reflected back the way it has come. Lef us extend this ray o the center of the
sphere, O. We can see lhat OX=r (radius of the sphere). The ray coming from
pomt B to point Y will create an angle of incidence Giwith perpendicular
ON at that point. The angle of
reflection of the ray BY 15 0,and it will
be reflected towards YP. If we extend
PY, it would intersect line OX at point
E

FO=FY because in the triangle OFY,
£FOY=Z0YF , as FOY=0; and
ZEYO=10..

FY = FX when XY is small compared
to radius . This is ‘true for most Figure £.18: A spherical convex mirror
CcOnvex Mmirrors. 15 & small part of a hollow sphere.
So, FO=FY=FX= /2

or focal length = /2

Question: If a plane mirror is considered a spherical convex mirror then
what is its focal length?
Answer: Infinite.

We will now see how the image 18 formed for a spherical mirror. You will see
that in a convex spherical mirror, images are always virtual where as in a
spherical concave mirror it may be both real or virtual, depending on the position
of the object.

8.5.1 Image in a Spherical Convex Mirror

We have already said that the outer part of a spoon acts as a spherical convex
mirror. You can see an upright and small image of yourself there. This means
that the image in a convex mirror should always be small.
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To understand how an image is formed in a spherical convex mirror, we first need
to understand how light rays reflect on such a murror. This depends on what
angle the light rays are incident on the mirror. If we know the rules of reflection
of only three special light rays, we can easily gxplain how an imageg is formed:

(1) It light rays are travelling towards the center (Figure 8.19. XN or YR ray),
they are reflected perpendicularly and go back along the line they were as
incident on.

(ii) If light rays travel parallel to the principal axis (Figure 8,19, XP), they will

appear to have diverged from the focal (F) pomt.

(iii) If the direction of the light ray is changed, it goes back the way it has

come. When the light ray is travelling towards the focus (Figure 8.19, QP),
it will be reflected parallel to principal axis (PX).

We can now create an image using these three rules. In figure 8.19. an object XY
15 kept in front of a convex mirror. The light ray travelling from point Y towards
R will be reflected back along the same path towards Y, which means the image
of the point Y will be created somewhere along the line YO, To know exactly
where the image is formed, we
have to draw another light ray from
the point X in another direction but
that’s not necessary because we 7 X‘ "
will find it by knowing where the 5 —F v
image of point X is formed.

To find the image of the point X we Figure 8.19: In convex mirror if an abject XY
have to draw two rays, one by o placed inside foeal length, the image XY
connecting the points X and O as we toaks smaller

have done before. (As the YI ray was

reflected back to the point Y, similarly this ray will be reflected back towards X

from the point N on the mirror.) The second ray can be drawn parallel to YR, which will
be incident on point P of the mirror and will appear to have diverged from the point F.
So we join the line FI* and extend it towards Q.
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The line FP intersects line OX at the point X' i.e. the image of the point X will
be formed on the point X', The perpendicular drawn from X' to OY will intersect
line OY at Y. Since it appears that the reflection of X 18 coming from point X',
similarly it will appear that reflection of Y is coming from Y. Hence, X'Y" will
be the image of XY.
We can observe that X"Y' is always smaller than XY and the further X is from
the convex mirror, the smaller X"Y" will get! One should know how to draw the
mmage of an object placed in front of a concave or convex mirror using the laws
of reflection. It is a very important procedure in physics.
It is clear that actually no light is coming from X"Y’, it just appears that the
image is there. Hence it is a virtual image. Comparing this with the images
formed by a plane mirror, we can see that-
(a) The position of this image will be between the focus and pole of the
mirror. The further the object is, the closer the image to the focus.
(b) This image is virtual.
(c) This mmage 15 upright.
(d) This 1mage is small. and the further the object moves from the mirror,
the smaller the image becomes.

8.6 Concave Mirror

The imner side of a shiny spoon is an
example of a concave mirror. Those of you
who have looked at the inner side of a
spoon must have noticed (Figure 8.20) that
the image is small, and the interesting thing
is that the image is inverted! You can take
vour finger very close to the spoon and
notice that the finger is upright. Now move
your finger slowly away from the spoon,
notice that yvour finger is starting to look
bigger (we were able Lo produce images n
plane mirror or convex mirror but never

Figure 8.20: A spoon works as a

: . P : CONCave mirror
images larger than the real size of the object . N

this is the first time we are seeing larger
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image). If you move your finger away slowly then you will nofice at ong
point, that the image gets inverted! No matter where you are while moving away
from that point, it will always remain inverted. (We were never able (o create
inverted images using plane mirrors or convex mirrors— this is the first time we
are observing an inverted image!)

So you can see that the outside part of a spoon warks as a convex mirror and the
inside of a spoon works as a concave mirror! A real concave mirror is actually a
part of a sphere. In the case of a convex murror light was reflected from the
outside convex shape and in the case of a concave mirror light will be reflected

known as the focal distance. Light rays
don’t have any option of stopping, so after -
converging at a point they will travel \L

straight forward and it wall lool lilce light 15
diverging from that point! Therefore before
reaching the focal pomt the rays are

from the inside concave shape. ﬁm-J-h

If parallel rays are incident on a concave _ lﬁ-“gl :

mirror the hght rays will converge at a ] 2 :

point after reflection (Figure 8.21). You

can understand that this point is the focal a3 <

point of the concave miror and the r-- <
."-

distance from the pole to this point 1 pole b

Figure 8.21: The focal distance of a

converging (convergent) and after reaching concave mirror is hall of the radiug of the
the focal pomt the rays are diverging sphere
(divergent).

@ Example

Question: If we imagine a plane mirror as a spherical concave mirror, what will
be its focal distance?
Answer: Infinite!

We got the same answer in case of convex mirrors, which means when the focal
distance increases to infinity then both convex and concave mirrors turmn into
plane mirrors! The focal distance 15 half of the radius in concave mirrors as in a
CONVEX MIrror.
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8.6.1 Image on concave mirror

Now we have entered the most exciting parl! In plane mirrors and convex
mirrors only one type of image was formed. Two types of images can be formed
on a concave mirror. If an object is placed within the focal distance it forms one
type of image, if it 1s placed at a distance greater than the focal distance it creates
another type of image.

Before starting that, let us know how light rays reflect from a spherical concave
mirror. If we know the rules of reflection of three special light rays in a concave
mirror, we can explain how the image is [ormed:

(1) I light ray travels along the radius or starts from the center (Figure 8.22.

OP or ON ray), it will reflect perpendicularly and go back the way it has
come.

{ii) The ray parallel to the principal axis will go through the focal point (F) after
reflection (QF).

(iii) If the direction of light ray is changed, it goes back the way it has come,
So a light ray (figure 8.22, FQ) going through the focus will reflect parallel
(QX) to the principal axis,

Now we can create image for concave mirrors.

At a distance less than focal length

In Fig 8.22, a concave mirror 18 shown. This mirror is part of a sphere whose
center is O, focal point of the mirror is I' and we want to determine the image of
the object XY, Light coming from point Y reflects from point P of the concave
mirror and again goes through point Y towards point O. So it can be
comprehended that it will stay on a point of line OP or on an extended part of
line OP. To determine this exact point another ray has to be drawn from point Y
towards the concave mirror, but we are not doing that. If we can determine the
image of the point X as before we can find the exact location of the image of
point Y, To determine the image of point X, two lines have to be drawn from this
point. The first line will be an extended part of the line OX. It will touch the
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concave mirror perpendicularly and afier reflection will go back the way it has
come. As shown in fGgure, another ray from point X can be a ray parallel to the
principal axis. Because we have already known that parallel ray goes through the
focal point afler reflection. So it will be incident on the point Q and afier
rellection will go through the pui_El. F.

Figure 8.22: Tmage appears lurger than the object in the
concave mirror placed maide the focal length.

After emerging from point X two rays of light will travel towards NO and QF
and we can see that these two rays have no chance of intersecting. So there
cannot be an image formed on the right side. But if we are able to look at the left
side from the right side then 1t will look like line ON and line FQ coincide at X'
point- 50 X' will be the image of X, If we draw a perpendicular from this point
on OP axis then we will get X"Y" which is the full image of XY. No light is
coming [rom X"Y', only we are (thinking that the image is being formed there. So
this image 1s a virtual image. We can see from the figure that the image is larger
than the object. Not only will the image be larzer but moving the object closer to
the focal point will create a vet larger image. (If the object is placed just on the
focal point then the reflected rays will become parallel meaning that the light
ravs won't be able to coincide to create an image. )

Now let’s see whal happens to the image when we place an object within the
focal distance of a concave mirror:

(a) The position of the image will depend on the position of the real object. The
closer the object is placed to the focus further the image will be created.
(b) Itis virtual
(¢) Straight
(d) The length of the image will also depend on its position, the closer it gets to
the focal point the larger its length becomes.
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At a distance greater than focal distance

Among all the images we have seen so far, this image is amazing. because we
will witness a real image for the first time, where light will be centralized where

the image will be created (Figure 8.23),

Let, the object be XY and like other
cases, the image of point Y will be on the
line YP. We have to draw two lines in
order to determine the image of point X.
One line X() will be parallel to the axis,
and after reflection it traverses through
the focal point F as QF. We can draw the
second ray through the point F. This will
reflect in the concave mirror and after

i o ‘igure 8.23: ge becomes inverted if
reflecting, it will become parallel to RS,hg““ 5 I'he image becomes inverted if

as after reflection in the concave mirror
parallel rays traverse through the focal

an object is placed outside focal length of 4

COOCAVE MArToL.

point, the reverse is also true, Light always follows its path in reverse direction, Lines

QF and RS intersect at the point X' and point X' is the image of point X.

Figure 8.24: In a concave mirror if an

object 15 placed at a distance more than two

times of [ocal length the image [ormed is

inverted and short

So, the normal drawn on line PO
from X' intersects at the pont Y' and
XY is the image of object XY. This
image 1s unique compared to other
images. This is shown in Figure 8.24.
The object XY is placed at a distance
more than two times of focal
distance. This time the image has
become shorter. If the object is
placed at a distance of two times of
focal length, its image would appear
on the same point as shown in Fig
8.25. Not only this, the image's size
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would be the same as the object, These three different cases can be written precisely

when the object is outside the focal distances. If any object is placed outside the focal

length, the images will be as follows:

(a) The position of the image depends on the position of the object. When the
object 1s placed within the focal point and at concave mirror's center, the
image will be formed outside the center. As the object is placed oulside the
center of curvature of the concave mirror, the image be formed inside the
center. If the objeet is placed at the center. the image will also form at the
center.

{b) The image is real, So, as we can say that if the image itself is the object, the
object becomes the image.

(¢) The image i1s mnverted.

(d) The height of the image will depend upon its position. If 1t is formed in
between the focal point and the center of curvature, the height of the image
will be greater than the object. The nearer to the focal point, the greater it
is. If the object is outside the center of curvature, its height will be shorter
than the real object. If the object is placed at the center of curvature, the
size of the image will be the same as the object.

Characteristics of the image formed by a concave spherical mirror:

Pasition of the object [ Posilion of the image | Characteristics of the image |
Al infinite distance | Atfocal point F 1 Real and zero length
i Between infinite distance and | Between cenler " Real, inverted and shortened |
center O O and focal paint F
At center O At cemper O ::Ileal, inverted and of equal length |
Between center O and focal point F | Sefween infinite distance and Real. inverted and magnified
centar O
Atfocal point F | At infinite distance | No image is formed
Between focal paint Fand pole P Between infinite distance Virtual, non-inverted and magnifie
andpole P (behind)

Virtual, non-inverted and of equal

Alpole P Af pole P length

Forma-30, Phvsics, Class 9-10
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We applied geometry to determine the position, shape etc. of images for convex
and concave mirrors. We could do these works using a single [ormula. The
formula 1s :

1 1 1
—_— ==
u v

Where, u is the distance of object from the plane of the mirror, v is the distance
of the image and [ is the focal distance.

Real image i3 a very important idea. We will find in the next chapter how real
images can be formed with a lens. You have already seen that there are real light
rays in a real image, so if it is projected on a screen, it is possible to see the
image. In ordinary mirrors, you can look at yourself but you cannot project
yourself en screens with ordinary mirrors.

@ Example

Question: Figure 8.24 shows that the
mage of object XY is formed at /
X'Y". If the object is X'Y’, where will Q
the image be formed?

Answer: This is a real image. So if
XY" is an actual object, the image
will be XY,

Question: : If an object is placed just v X'
at a distance double of its focal length
in a concave mirror, where will the

. 5 Figure 8.25: In concave mirror, if an

image be formed? G %
object 18 placed at a distance double of iis

Answer: (Figure 8.25) The image focal length. the image will form at the

“_-i_]_l be fnrmed ar I_Ile Same PGS‘!'EIDD,. Iame i'ﬁﬂﬁi”tjr‘l I iﬂ"-'E'E'lﬂd Eﬁlilj“in“.

be of the same size but in mnverted

form.

Till now we have learnt the science of concave mirrors, now we will see how to
use it.
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8.7. Magnification

We have seen that an image can be larger or smaller than the real object, this is
called magnification. Magnification refers to how large the image is than
the real object. If the length of an object is 1 and length of its image is [, then
magnification is I

m=-—
I

When we see an object through a telescope, how large the object is when seen
with the naked eye as compared to its size as seen by a lelescope is known as the
telescope's magnification.

8.8 Use of Mirror

8.8.1 Plane Mirror

Simple mirrors are most commonly used in our daily lives. Ordinary mirrors are
used whenever a light ray travelling in one direction is to be redirected in another
direction. You must have noticed that in a plane mirror right and lefl side
alternates. So if we want to keep the right and lefr unchanged, the image of one
mirror 15 to be reflected by a second mirror.

The left and right sides are interchanged in a plane mirror image. Right and left do not
interchange if two mirrors are used as a single mairror by keeping them at 90°
angle with each other. You may demonstrate it by using two mirrors (Figure
8.26).

Figure 8.26: In ordinary mirror the left and right are interchanged, where as two
nutrrors are kept at right angles to leave lefl and right unchanged.
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An important point to note is, when a good reflection is necessary, quite a
different kind of reflection is done instead of using an ordinary plane mirror. We
will see in the next chapter how light is reflected by a completely transparent
medium.

8.8.2 Convex Mirror

A diminished and erect image can be created by using a convex mirror. So a
convex mirror is used to see a large scene in a small region. Expert drivers
always trying to notice of what is happening behind the car while driving. So,
there is a rear view mirror in front of the driver. Convex mirrors are used in these
mirrors so that drivers can see a vast area behind the car with the help of a small
Mirror.

8.8.3 Concave Mirror

The most important use ol concave mirrors
is m telescopes. Concave mirrors are used m
the largest and the smallest telescopes of the /
world. Many of us generally think that the >
only function of a good telescope is to create >

a large image of the small objects situated = ! .
far away. Actually that's not true, the ‘_,.J:-"" i i

function of a good telescope 15 also to create
a distinct image in very dim light. That is >
why the bigeer the concave murror 18, the \

more light it can converge to create a clear

image. Concave mirrors are used in all of

the large telescopes of the world. Figure 8.27: When an intense
light source is placed ai the tocal

Another use of concave mirrors is to create a
parallel beam of hight. Concave murrors are
used insearch lights of ships or launches, The
light source is kept at the focus of the mirror,
so the light rays are incident on the concave mirror and reflected back as parallel
beams of light, The torch lights you use in your daily life, also have the bulb kept just
at the focus of a concave mirror!

point, then that light iz reflected
at the eoneave mirror as parallel
bear of light.

Since an erect and magnified image is formed when an object is placed within the focal
length of a mirror, we use concave mirrors if we want to see a magnified image of any
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object. Doctors and dentists often use concave mirrors when they try to observe
something.

8.8.4 Safe Driving

Development of the transportation system of 4 country 18 necessary when a country 1s
trying to develop. New roads are constructed and vehicles of many (vpes start moving
on those reads. You must have noticed that the huge number of vehicles travelling
through the roads in our country and how the number of vehicles 1s increasing day by
day. A huge amount of time is wasted because of traffic jams created due to insuificient
roads and many people die due to accident on highways. These deaths occur mainly
due to the reason that drivers jeopardize safe driving for reaching destinations quickly
rather than safelv. Many kinds of awareness is required for sate driving. correct use of
light is one of them.

Brake lights play an important role while driving. Seeing this light the driver of the
preceding car can be sure if the car in front is trying to slow down or in which direction
the car will go. Whether the car will change lanes or not, the turn lights are vsed to
inform others. The head lights in front of the car illuminates the dark roads but there are
some specific rules for using headlights. The high beams are not used when a car is
coming from the opposite direction so that the eves of the driver are not dazzled by the
bright lights. A driver has to be aware of the sides and back of the car besides the front.
That's why there's a rear view mirror in front and side view mirror on both sides of the
car. Convex mirror are used here so that an image of a large area can be created in such
a amall mirror. A good driver always keeps track of what is happening on all sides of
the car as well as what's happening in front of the car.

8.8.5 Invisible Curves of Hilly Roads

Hilly roads are usually curved as well as uneven. Besides. there are hills on one side
and a deep ditch on the other side of the road. This is why the drivers should be careful
while driving on hilly roads. Still driving in some areas can be very risky. Especially
when there is almost a 90" turn ahead and the driver cannot see what is coming from
the other direction. In these circumstances, a plane mirror is placed at 43° at the turns.
Then the drivers can see what's happening on both sides and driving in those areas becomes
comparatively safe.
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® Exercise
@ General questions

I.How the sensitivity of eyes can determined for different colors?

2. Why are the danger signals shown in red colors though human eyes can see
vellowish green the most?

3. In mirors, right and lefl interchanges, Why do the top and bollem not
interchange?

4. Why colors cannot be seen in moonlight?

5. Why concave mirrors are used in the telescopes used by astronomers?

6. What do you mean by reflection of light?

7. What do you mean by regular and irregular reflection?

8. What is a mirror?

9. What is called an image? How many types of images are there? What are
they?

10. How is real image formed in a concave mirror? Demonstrate with the help
of a ray diagram.

Mathematical questions

1. A mirror is placed as shown in figure
8.28. In which direction will the light ray, f{“"
shown in figure 8.28, go?

2. For a convex mirror (figure 8.29a)
show where the image will be formed for g

an object XY by drawing a ray diagram.

n-

3. For a concave mirror (figure 8.29 b)
show where the image will be formed for Figure 8.28
an object XY by drawing a ray diagram.
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{a) {b)
Figure §.29: (a) Ao object placed inside the focal length of a convex mirror
(b) An object placed inside focal length of a concave mirror.

4. For a concave mirror (figure 8.30a) show where the image will be formed for
an object XY by drawing a ray diagram.

{a) (b}

Figure 8.30: (a) An abject placed outsids focal length in concave mirror.

(bj An ohject placed outside focal length in concaves mirror.

5. For a coneave mirror (figure 8.30 b) show where the image will be formed for
an object XY by drawing a ray diagram.

¢ choice guestions

Put the tick (1) mark on the correct answer.

1.Where are convex mirrors used?
(a) Cars (b) Torch light
(c) Solar oven (d) Radar
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2. How many types of reflections are there?
(a)4 (b) 3
(c) 2 (d) 1
3. Image produced in a plane mirror -
(1) equal to object in size
(ii) can be formed on a screen
(iii) formed at a distance equal to the distance of the object from the mirror.
Which one ol the following is correct?
(a)1and i (b) i1 and in
(¢)1and i (d) 1,11 andini

Answer question number 4 and 5 in light of the above

o —P o

. | v
4. What will be the size of object BO?
(a) magnified {b) diminished

(d) extremely magnified (d) extremely diminished

Figure: 8.31
5. What will be the position of the object BO?

{a) between the focus and the pole (b) at the principal focus
(c) at the centre of curvature (d) between the centre of curvature and

infinity
Creative questions
R
P
T | e 7
— m—p S
1 2
Figure 8.32

2025



241

1, Figure 8.32
(a) What 1s a plane nurror?
(b) Why is a metal coating given behind a mirror?
(¢) Determine the position of the image of the object PQ by drawing a
figure.
(d) Compare the mirrors | and 2 in the formation of images.

2. Figure 8.33
(a) What is an image? Q
(b) Why ravs incident normally on the mirror turns back

along the same path?
(c) Determine the value of the angle of reflection in \‘2

light of the figure above?
(d) The image tormed in the plane mirror PQ is virtual;
explain with the help of diagram.

3. A group of students found that if a stick of 2 em length is
placed in front of a concave mirror, an image of 3.51
magnification is formed on the screen in the [irst step. Inthe  Tigure 8.33
second step of the experiment they lound an image on the
screen of magnification 6.

p

(a) What i3 magnification?

(b) Why plain mirrors are not used as view mirrors?

(c) Calculate the length and property of the image of the stick in the first step
of the experiment.

(d) What are the changes made in the second step of the experiment?

Forma-31. Physics, Class 9-10



Chapter nine
Refraction of light

The velocity of light in a vacuum is 2.99792458 «10%ms™. IT light enters a
medium, ils velocity decreases [rom this. To explain this process a quantity named
refractive index is defined. You can easily show that light changes its direction due to
the change of its velocity while passing from one medium to another. Due to this
property of hght, or refraction, a wonderful event may happen named total
internal reflection. We will discuss various uses of total internal reflection in this
chapter,

Convex and Concave lens can be made bv using relraction. Which tvpe of
images can be formed using these two lens will be discussed in this chapter.

3

02

2
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@ By the end of this chapter we will be able to-

e explain the laws of refraction.

o explain the refractive index.

« explain total internal reflection.

o explain the use of optical fibers.

s describe lenses and their classification.

s describe different qualities of lense by drawing a ray diagram.

e describe the image formed by lenses by drawing a ray diagram.

« describe the power of lenses.
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9.1 Refraction of light

You know that when light moves from one medium to another, three different
events may happen . One is reflection, where some amount of light come back
to the first medmum while entering the second medium and we have discussed
this in the previous chapter. Another one is refraction, when light passes from the
first medium to the second. We will discuss this in this chapter. Another one 1s
absorption, when some amount of light is absorbed. which we will not discuss
here.

In order to understand refraction a quantity named the refractive index (n) is
used. We know the velocity of light in a vacuum is 2.99x10® ms! and when it
passes through a medium this velocity decreases. In a medium, the factor by
which the velocity of light reduces is the refraction of light of that medium .
For instance the velocity of light in water 1s 2.26x10% ms' therefore the
refractive index of water is

e 299x10° ms'
v 226 10%ms’
1.e. the velocity of light n a vacuum 1s 1.33 times greater than the velocity of
light 1n water .

= 133

n=

Table 9.01: Relractive mdey

The refractive index of the glass fiber in a _
of some substance

fiber optic cable is 1.5.

Therefore, the velocity of light in the Liber 1s Vacuum 1.00
Air
v =35%10*ms"/1.50 = 2.00 x 10° ms™ 100027
. , ) ‘Water X
Rﬂ_ﬁ'actwe- mdB}EI]S a numbf.:r and1 1,1 haa. no Normal glass| 1.52
unit, As the maximum velocity of lght is c. e —1
- Diamond 2.42

the value of »n always greater than 1 . In
Table 9.01 the refractive index of some substances are given.

Naturally, the refractive index of a vacuum will be 1.

The refractive index of air i3 1.00029 which 15 50 close to 1that we will take it as
1 during calculations.

@ Example

Question : Calculate the velocity of light in the mediums shown in Table 9.01 .

Answer : Velocity of light in any medium; v = E
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In vacuum v = 3 x 10% ms?/1.00 = 3 x 10% ms’!

In air r=3x108ms1/1.00029 = 3 x10® ms?
Inwater v=3x10°ms'/1.33 = 2.26 x 10* ms™!
In normal glass v =3 x 10° ms?/1.52 = 2 x 10° ms™!
In diamond v =3 x 105ms /242 =124 x10° ms!

To determine the refractive index of a
medium 1s, the wavelength of lLight
for which the refractive index is

measured must be stated, because the first medinm

refractive index depends on the
wavelength of light.

9.1.1 Laws of refraction

What we need to understand the
laws of refraction are already known.
In the case of reflection of light we
have imagined a normal from the Figure 9.01 : Refraction of light from
point of incident, We do the same first medium to the second

here . In Figure 9.01 we will call the

angle between the incident ray and the normal as the angle of incidence and the
angle between the refracted ray and the normal as angle of refraction.

second medium

//1:" irst Law of Refraction: The refracied ray will lie on the same plane as l]?e\
incident ray and the normal.

Second Law of Refraction: If the refractive index of the first medium is n,.
the refractive index of the second medium is n, the angle of incidence is 0 o
the angle of refraction is ©,, then

i1 5inéy = nasin &
\¢ z 7

If you remember this, you will be able to solve all problems about
refraction of light.
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[f the first medium is air then taking n =1, (Figure 9.02)

we ¢an wrile —_— sinth
3 = —
sin &,

As the value of n, is greater than 1, €, < @, i.¢ after refraction, the ray of light
will bend towards the normal . We say the medium is denser if the value of n is
greater . We are not calling the medium denser due to its mass . Here the
meaning of a denser medium the that the value of n is more . Therelore,
according to the second law of refraction, when a ray of light enters from a rarer
medium to a denser medium, the refracted ray bends towards the normal. When
it enters from a denser medium to a rarer medium, 1t goes away from the normal
(Figure 2.02). Remember that refractive index of a medium has no direct relation

with density of that medium.

rarar mednum rarer medinm

\ dent medium denser medium /|

Figure 9.02 : The refracted ray bends towards the normal when entering
from a rarer medium o a denser medium, and it goes away from the
normal when entering from a denser medium to a rarer medium.

Here only the incident ray and refracted rays are drawn, as refraction of light is
discussed, but we must remember that when a ray of light goes from one
medium to another every time some amount of light 1s reflected. How much Light
will be reflected and how much light will relfracted depends on the angle of
incidence. When there is an increase in the angle of incidence, the reflection
inereases.
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Do Yourself

<
/
<)

Figure 9.03 : Refrachion of hghl in water and glass

Put a coin in a cup and place the cup in front of you so that the coin is
nol seen . How is 1l possible Lo see the ¢oin without moving vour head?
After pouring water in the cup, the coin will be seen. Due to refraction
light will bend and reach your eyes. It will also seem as if the coin has

K moved upwards. j

@ Example

Question: Aray of light 1s incident on a medium of n= 1.6 with an angle
of incidence 45 (Figure 9.04 a) . With what angle will it enter into the
second medium ?

Answer: We know n,siné, = n,siné&

Ty 1 1
. i = —sinly =—x— =044
Therefore sin > el e T 2
0, = 26°

Question : In Figure 9.04 b, a ray is mcident from air to another medium at an
angle of 607 and refracted at angle 61 45 . What is the refractive index of the
second medium?
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(a) (b)

Figure 2.04: (a) Angle of incidence of light is 453" (b) Angle of
incidence is 60° and angle of refraction is 45°

Answer : We know n,sinf, = n,sin &

1% sin60°= n;sin45°
sin 607

sind5° 1.2z

2:

9.1.3 Relative refractive index

We said that the refractive index of a medium i1s always greater than 1. Because
, as the refractive index of a medium is a comparison of the velocity of light in
that medium with the velocity of light in a vacuum, it will be greater than 1.
Sometimes the refractive index of a medium is expressed in comparison with
another medium. Then the refractive index may be less than 1 depending on
which medium is being compared with which.

For example, if water is the first medium and glass is the second medium (Figure

o
9.05) then fy sind; = npsiné,

n, = 133
n; =152
The refractive index of glass compared to water:
vi  Bfwm on, sing
t wfy, M sin &

which is greater than 1, Here, v, means speed of light in vacuum.
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The refractive index of waler while compared to with glass

n, sin&
—r = (.88
na  siné

which 15 less than 1.

You therefore divide the refractive
index of the medium that you want to
determine by the refractive index of
the medium with respect to which
vou wanl to determine the refractive
index .

Diamond with respect to water : 1.82
Water with respect to diamond : 0,35
Diamond with respect to glass : 1.59
Glass with respect to diamond : 0.63

water

Ry

But in physics usually the refractive
index of a particular substance is
used, not the refeactive index of one Figure®.05: Refraction of light from
substance in comparison to another. water to glass

9.2 Total Internal Reflection

When discussing reflection, we learned that when perfect and total reflection
is needed, then instead of mirror a perfect transparent medium is
used, and a kind of reflection is made, This is called total internal
reflection. It is a very easy and exciting process. Here, light rays are sent
to a rarer medium from a denser medmm using the refraction of light. We
know (and have used many times) that the law of refraction 1s
nsinf, =n,siné, ie if n, is greater than n, then @, is greater than @,.

Suppose you are sending a ray of light from a denser(n, ) medium to a rarer(n,)
medium (Figure 9.06).According to the laws of reflection and refraction some
amount of light will be reflected and some will be refracted . As @ will be greater
than @, therefore staying 0,(90",8, will be equal to 90° and after this there will
be no scope of light Lo be refracted, i.e when ¢, will be equal to 90% total

light has to be reflected . The value of 8, at which 6, =90"is called the critical angle 4,

Forma-32, Physics, Class 9-10
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. o i
n 8in90" =n,sind,
NN
sinf =—1
My

(1

Dy e 0y=0c [ 0

Figure 9.06: When passing from a denser mediuin {0 a rarer medium, total internal
reflection of light may oceur.

Le n, sin90° = n, sin 6,
L ny
or sind, = —
f i nz

If we know the values of » and », we could calculate an angle g, for which
the above law is true. Therefore, the law can be expressed as

n
0. = sin™t (—1-)
nz

n, for glass = 1.52 and
1y for air = 1.00
g . 1.00

ns 152 Figure 9.07 : Most teeming reflection
occurs in total internal reflection .

I
|

I
S
o
>

It is possible to show that, sin 41.8° = 0.66 or sin™(0.66) = 41.8°,
therefore the critical angle 4, = 41.8°
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When sending light from transparent glass to air, if the ray of light is incident at
an angle greater than 41.8°% the ray of light will not emerge from transparent
glass and will be totally reflected . If you have a prism then you will be able to
see total internal reflection with your own eyes. In Figure 9.07, at the glass-air
separating surface the incident angle is 45° which is greater than the critical
angle 41.8° of glass-air. Therefore total internal reflection will occur here,

@ Example

Question : What will happen if yvou want to do this experiment under
water ? (n, for glass is 1.52 and n, for water is 1.33)

Ty

Answer: In water 2= 0.88 ,therefore the critical angle of glass will be 61.6"
because sin 61.6°=0.88

or sin’'(0.88) = 61.6°

As the angle of incidence 13 45° , which is less than the critical angle 61.6°, total

mternal reflection will not occur.

Question : Light incidents at an angle of
75Y from a medium of refractive index !
1.45. With what angle will the ray of i
light emerge if there is air on the other
side .

Answer : We know

=145

1y 5ind; = n;sind,
145 X sin75" = 1xsinf, |
sin@, = 1.40 Figure 9.08 : Light mcidents at angle 75°

We know the value of sin 8, will not be greater than 1. but here it happens
because light is totally reflected without refracting . Therefore whenever we
want to see the refraction of light from a denser medium to a rarer medium then
it is better to determine the critical angle first. If light incidents at an angle less
than this critical angle. only then it is possible to get refraction.
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In this case if the eritical angle 18

sing, = 0.69

145~

0. = 43.67
Therefore, if light incidents at angle 75° | then total internal reflection will happen
instead of reflection.

9.2.1 Rainbow

You may be thinking that vou have never seen total internal reflection. But those
who have seen a rambow have seen total internal reflection . A rainbow is
formed by the total internal reflection of water. Those who have not separated
white light into different colors with prism , have seen this ina rainbow . If the
sun shines after rain, we see a rainbow. Because there are water droplets in the
air, in that water total internal reflection occurs, where different colors of light
bends in different angles . The bands of different color of the rainbow are formed
by these light rays . Those of you who have seen a rainbow have seen that the
rainbow always forms in the sky opposite to the sun. Sorely now you have
understood the reason for this.

Figure 9.08 (a): Rainbow

9.2.2 Mirage

Mirage is a common phenemenon in the desert .You will be surprised to hear
that a mirage also happens due to total internal reflection, The word comes from
changes of density of air due to heat in the desert. We know heated air, being
lighter, goes up, but due to the heated sands in the desert the nearby air may
hotter than the upper air. Thus, we can imagine the air in desert as in Figure 9.09,
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In order to illustrate this easily only three layers are shown. The density of the
air in upper level is high and so the refractive index is high. Air in the lower level
is heated, so density is low and iis relractive index is also low. During refraction
of light from the tree, in each layer the angle of refraction will increase and at the
lowest level total internal reflection may happen. When entering a medium of
lower relractive index [rom a medium of higher relractive index there is a
possibility of crossing the critical angle because the angle of incidence is higher
if 1t is seen from far . So a mirage 1s seen [rom lar and cannot be seen from near.
If a person looks at a tree from far away. he can see the tree directly, and due to
total internal reflection he can also see an image of that tree under the tree. It will
seem that the image ol the tree is seen due to the existence of water under the
tree. After coming closer, it will be clear that there is no water.

Figure 9.09 : Mirage 1s seen due Lo (he difference ol density of the air i the desert.

While driving a car on a heated road in the summer, a wet road is seen far away
for the same reason. After coming closer it is seen that the road is dry. This is
also a kind of mirage.

9.3 Uses of refraction

There are different uses of refraction. The uses which play
important roles in our lives are:
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9.3.1 Optical fiber

Electric wire is replaced by thin glass fiber for communication of the new world.

In the past, information was sent with
electric signals; now information is sent
with light signals. In a [ree state light
goes in straight line, but in an optical
fiber the light is trapped so it is possible
1o lurn it in any direction by rolating on

any side . Figure 9.10: Light can pass through
An optical fiber is a very thin fiber of optical fiber by total internal
glass. The inner part of it is called the reflection.

core and the outer part iz called clad . Although the rwo are made of same glass,
the refractive index of the inner part (core) is greater than that of the outer part.
For this reason light can be taken very long distances by trapping it in optical
fibers the through total internal reflections (Figure 9.10). Light can be taken
hundreds ol kilometers through optical [ibers. because the absorption of light in
optical fibers is very low. Absorption would have been greater if the visible light
was there so infrared rays of long wavelength are used in optical fibers. How
optical fibers are used in a process called endoscopy of medical science 1s
described in the last chapter.

@ Example

Question: If the relracltive index of the
core in an optical fiber i3 1.50 and the ———
refractive index of the clad is 1.45, (Figure _ —7 :‘a.. TR
9.11) what 1s the angle of incidence of
light for total internal reflection to occur?

Figure 9.11: Total internal reflection
ogours from core to clad in optical
Here fiber
n, =145 492 n, = 1.50

i
Answer: g, = sin~! (_1)
Tz
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1.45
6. = sin~t (m) =sin"1(097) =75°

Therefore light has to incident at an angle of 75 or more.

9.3.2 Periscope and binocular
There is something called periscope
in submarines and it is possible to see
above the water surface while under @ —i
water by periscope. The periscope 1s
made by a prism and its total internal
reflection is more effective than a periscope
made of ordinary mirrors (Figure
9.12), In order to reduce the length of
binoculars, total infernal reflection is
done using prisms in it.

9.3.3 Prism

Interms  of optcs, if a transparent
medium is  bound by another
two surfaces of a  transparent
medium are not parallel, thisis
called prism.The light goes out ina
direction parallel to the direction
m which it enters the transparent
medium. Though the direction

remains unchanged, the light ray bends a little bit from the main ray. In the case
of prism the direction of light changes (Figure 9.13). While entering the first
surface the ray bends toward the normal. The second surface is not parallel, so
when going out from this surface the light ray moves away from the normal but
cannot move towards the main ray. Though in a prism the direction of light
changes, it is important for another reason. After entering the prism, how much
the ray of light will deviates from the main direction depends on the refractive
index of the prism. We know that the refractive index depends on the wavelength
or the color of light. So there is a different refractive index for different colors.
Therefore,1f there existz different colors in the same ray of light, when passing
through a prism the ray of light of each color will change its direction in different
angles. Therefore we will see that when coming out from the prism the light is
separaled mnto its component colors. This was [irst shown by Newton.

Figure 9.12 : Prism 1s used mnstead
MITOT N periscape
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9.3.4 Lens

A lens is created using two spherical sides or a

spherical side and a plane Using lenses, starting g:nal direction
from spectacles, sensitive optical instruments < / g{h@‘

like telescopes and microscopes are '

made. A lenses are also used in video ,?" ;: '\ ‘3\
projectors and cameras. In this chapter, Emithed light
we'll broadly discuss about lenses, direction
types ol lenses:anc ther properties. Figure 9.13: In prism ravs of light

deviate towards the base of the

9.4 Types of lenses prisim

In convex and concave mirrors, we've seen that, when light enters these mirrors,
sometimes it focuse to a point (converging ray) or sometimes it diverges
(diverging ray) and the image is formed. That image is sometimes real and
sometimes virtual. Sometimes it is big, sometimes it is small. Using these images
In many ways. optical instruments have been
developed.

Many tvpes of images are made by convex or
concave mirrors which also be made by
lenses and they are used in many ways. We
have all seen lenses (because the spectacles
are actually a kind of lens). Those of yvou who
have used spectacles or have seen others using
spectacles have certainly noticed that lens of
spectacles can be divided into two types.
Small things can be seen bigger with one
kind oflens (usually the lenses of spectacles
for old people are like this). Again big things
can be seen smaller with another kind of lens.
( Usually the lens of spectacles of the young people are like this). The lenses with
which small things are seen bigger are called convex or (sometimes) converging
lenses. The lenses with which big things are seen smaller are called concave or
(sometimes) diverging lens. Mid portion of the lenses with which small things
are seen bigger or convex lens is thicker than the edges. And the mid portion of

Figure 9.14: Cross section of
a convex and 4 concave lens
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the concave lens is thinner than the edges as shown in 9.14. If we see the cross
section of the concave or convex lens we can understand that both are bound
with two round circles. The radius of these two circles can be different or the
same. The centers of these circles are called the centres of curvature. In the
picture 9.15, C, and C, are the centres of curvature.

Different kinds of lenses are used in everyday life or in different subjects of
science.

-+ + + +
Ci C2 Ci Cz

Figure 9.15: Convex and concave lens can be imagined as the part of two
circles.

We will keep our discussion limited to
thin lenses. Though the difference
between thin and thick lenses can be

understood by their names, let us /
explain this more. Looking at the cross . /JL
: . deviated ray "
section of the lens, we can see that direction ,ff,/f
though the lens has a curvature in the /" o

surface, at the middle the two surfaces / /-"
are almost parallel. We know when light /,i
passes through a parallel surface it 18 ofiginal ray
deviated a liltle from the main direction
direction due to  refraction (Figure
9.16).

As the parallel surface thickens, the
rays of hght will deviate more. If the
parallel surfaces arc close to each other
Jwe can say that main rays ol light go

Figure 9.16: When passing through
thick glass light rays are deviated
from main rays due to refraction.

Forma-33. Phvsics, Class 9-10
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out roughly in the same direction, there is no deviation .

In the case of those lenses 1n which light ray passing through it, the direction ol
the ray remains unchanged 1s called a thin lens. (Figure 9.17). We can say that
the point of the middle of a thin lens through which light rays do not deviate
when passing through it is called the center of that lens (Figure 9.17, point Q)
or the Optical center.

Figure 9.17: When passing through a thick lens rays of light deviate a little;
when passing through a thin lens light ravs do not change direction.

9.4.1 Concave lens

While discussing about convex and
concave mirors, we first learned 7
about convex mirrors. In the case of
lens at first we will discuss concave

PR
lens. Because a concave lens forms the 5
mmage a like a convex mirror. §
- & L
In (he case ol a convex mirror we saw &
that parallel rays diverts in all ., facal
directions during reflection. In the length

case of concave lens the same thing
DCELS The ]'T_demt ij&ud Tays ol Pigure 9.18: Rays of light diverges
this lens are diverted during refraction. when passing through a concave lens.
If we extend the refracted rays of light
baclowards, it would seem that they
are spreading out dirgetly from a point.
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That peint is called the focal point and the distance from the focal point and the
center of lens is called the focal length. (Figure 9.18)

In case ol a convex mirror, light is incident from one side. In the case of a
lens, light can be incident on it from both sides. Every lens has a focal length
The focal length of a lens remains the same whichever direction the light is
incident on it. If parallel light
incidents on this lens, the rays spread
out. and appear to diverge from focal
point. It the direction of the rays of
light is reversed then they goes back
through the direction they came. So if
we can reverse the direction of
divergent rays, then they will emerge
in parallel and will go in the inverted
direction (Figure 9.19).

To understand how an image 15
formed in concave lens, we need to
know how light rays are refracted
through a concave lens. [t depends on
the angle with which the light ray is
falling. If we know the three special rules of refraction of light, we can explain
how the image 15 formed:

Figure 9.19: While passing through
concave lens rays of light converging
ravs emerge in parallel.

(1) Il the ray of light is centripetal (T'igure 9.20, YO or XO ray) it goes
straight after refraction.
(11) The rays which are parallel with the principle axis, (Figure 9.20 XP) will
(PS) appear to diverge from the focal point (F) after refraction.
(111) If the direction of the light ray is reversed then it goes back through
the way it came. Therefore, il any ray goes (Figure 9.20, SP) towards
the focus then it will be refracted in parallel with the principle axis.
Now we can find out how the image of an object will be 1n a concave lens.
Suppose an object XY is kept near a concave lens. (Figure 9.20) To make the
analysis easy, we have taken the point Y of that object on the principle axis YR.
To find where the image of a point will be formed., at least two rays should be
drawn from that point. But we can find the image of Y without drawing two rays.
It is possible to draw a ray along the principle axis YR, so we know the image of
this point will be formed on this axis. We will get the image of point Y if we



260 Physics

draw a normal on this axis from image of X.

Imagine two rays from point X, one 1s XP which is incident on the lens in
parallel with the axis. This will diverge when emerged and will appear to
diverge from the focus, so if a line is drawn from the focus F to P and
elongated. then we'll find
that ray. Let us draw the
second ray from point X
towards the center of the
lens. According (o the
rules of thin lenses it will
emerge directly along the
direction of XT. The point
where XT and FS
intersect each other is the
image X of X. If we draw
a normal from X' on the
axis we will get the image
X'Y'of XY Figure 9.20 : An object looks small in & concave

lens

The things which are seen in the case of convex murror are true in the case of
concave lens.

(a) Its position will be in between the center and focus of the lens.
(b) It 1s virrual

(e) Tt is erect.

(d) It is small.

9.4.2 Convex Lens

The images in convex lens are amazing., The image which we got from a
concave mirror, 1s the same as the images in a convex lens. We have seen in the
case of a convex mirror that il a parallel ray falls on it, then it converges al the
focal point. The same thing happens in the case of a convex lens, if parallel rays
fall on 11, they will meet at the focal point (Figure 9.21) and again spread out.

Therefore, using previous logic we can say that if light diverges from a point and
the source of the divergent light (Figure 9.22) is placed in the focal point of a
lens, then while passing through the lens, rays of licht will emerge as parallel
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rays (in the case of light, it is always true that if the light goes from A to B and if
the direction of the ray is changed, it will always go from B to A). Now let us find
the position of the image for different positions of an object .

> >
> >
b e é } }
- r
e
> :
s >
/
focal length |(— — focal length e—
Figure 9.21: Wheo passing through a Figure 9.22: If the light spot is kepi
convex lens. parallel rays of light at the focal point the converging lens
converge at the focal point. makss the rays parallel.

Before starting, let us learn how light ray refracts in a convex lens. If we know
three special rules of the refraction of light through convex lens, we can describe
how the image is formed .

(1) Tfthe rays of light is centripetal (Figure 9.23. YO or XO ray) it goes

straight after refraction.

(1) The rays which are parallel with the prineiple axis, (Figure 9.23, XO) will

(CT) pass through focal point (I) after refraction.

(i11) If the direction of the light ray is reversed then it goes back the way it
came. Therefore, if any ray goes (Figure 9.23, TC) through the focus then
1t will be refracted in parallel (CX)

Now we can form the image for a convex lens.

2125
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The distance less than Focal length

Imagine an object XY, which is kept between the lens and the focal point (Fig-
ure 9.23). By the same logic described belore, we can say that the image of point
Y will be formed on YOF line. If a perpendicular is drawn from the image of X
on this axis, we'll get the position of the image of Y.

S

Figure 9.23: A'bigger image is scen in a convex lens if the object is placed within the
focal length.

Now let's draw two rays from the point X. XC line, which is parallel with the
axis will go towards the direction of T through the focal point F. If a ray from
point X is drawn through the eenter point of the lens, 1t will go straight along XO
towards S. CFT and XOS will not meet going forward, which means there 1s no
chance of forming a real image. If the two lines are extended backward, they
will meet at point X, which is the image of X.

The normal which is drawn from the point X on the line YF touches YF at the
point Y'. This is the image of point Y.

The closer the XY object is to the lens ,the bigger the image will be. The closer
the object is to the focal point F, the bigger the image will be. When the object
will be exactly on point F. the size of the image will be infinite. Now we can say.
il'an object is kepl between the center of the lens and the focal point of a convex
lens, the image of the object:

(a) Will be formed in the same direction as the object.
(b) Will be wirtual.

(¢) Will be erect and

(d) Will be big.
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Outside the focal length

Now let’s see what happens if the object is kept outside the focal length. Three
different things can happen in this case, like in a concave mirror. (i) The object
is outside the focal length but inside twice of the focal length. (ii) The object is
outside twice of the focal length and (ii1) The object is exactly on the twice of the
focal length. Let’s examine this
one by one.

(1) First, the object will be kept
outside the focal length but
mside twice of the focal
length. In Figure 9.24. the
image of the point Y of the
object XY will be on the YO
ling. So, we find the image
of the point X, as before.
The ray from point X which is X'

parallel to the axis will

g0 through the focal Figure 9.24: If he object is at the outside the
pomt F. Another ray will  focal length but inside the (wice of the focal
pass through the center length, the real, inverted and bigwer image is
point along line XO. formed.

The point X', where the two

lines meet, is the image of point X, If a normal is drawn from X' to the axis
YO, then the point will be the position of the image of the point Y. Therefore, for
the image of XY. we can say :

(a)} The position of the image will be outside twice of the focal length
(b) It is real

(¢) [tis inverted

(d) Tt is bigger than the size of the object

(11) Now let’s see what will happen if the object is kept outside twice of the focal
length. Tt is seen that if the object XY is kept at exactly twice of the focal length
(Figure 9.25), then the size of the image will be same as the object XY and the
position of the object will be at the same distance om the center of the lens.
The closer the object will be brought to the focal point, the further away the
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image will be formed, and the size of it will start to increase. As the ray of light
actually goes through the image, it is a real image and it 1s seen clearly in the
picture that the image is inverted i.e:

?l

xr
2f s f e—fJ

Figure 9.25: I the object 1s placed at a distance twice the focal length, the
size of the image will be same as the object.

(a) The position of the image will be on the twice of the focal length
(b) It is real

(c) It is inverted

(d) It is the same size as the abject

(111) Now let's see if the object is

placed outside at a distance X C
twice of the focal length. Where
and whai kind of image of the
object is formed”

The process of drawmg this ¥
image 1s the same as the
previous one bul (Figure 9.26)

the object 13 to be drawn outside

twice of the focal length. We

know that if the object is kept on

twice of focal length, then a Figure 9.26: If the objecl is placed al outer

same size image is formed at the side of the twice of the focal length then
saivia distance small, inverted, real image is formed.
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As the object 1s gradually moved away, the image becomes smaller and starts to
come closer the focal point. IT the object is brought to infinity, the image of it will
be formed exactly on the focal point. Therefore, if an object is kept at the
distance outside twice of the focal length, then the image 1s ;

(a) Between the focal length and twice of the focal length

(b) Real

(¢) Inverted

(d) Small

@ Example

Question: If an object is kept outside twice of its focal length, then a real image
of the object is formed. II the object is kept at the position of the image, then where
will the image be formed?

Answer: I[ the direction of the light ray is changed, then one is converted to another.

Do Yourself

11 the light trom a distant object falls on a lens, then it forms its image on\\

the focal point of the lens. Using this process you can find the focal length of

a convex lens. In order to do it you should move the lens [orward and

backward until a distinct image 1s [ormed on the wall. When the mmage 1s

distinct, then measure the distance [rom the lens (o the wall, This 1s the focal

length of this lens.

If you don’t have any convex lens, you can do the experiment using (he glass

of spectacle. Ofien the spectacles of elderly people are made with convex

lenses, If closer things are seen bigger by the glass of the speclacle, then
\}rﬂu‘ Il understand that it is a convex lens. /

9.4.3 Power of Lens

The most familiar use of lens is in spectacles. If you have experimented with the
lenses of spectacles of many people, you have seen that many of their spectacles are
made of convex lens, and many are made of concave lens. Usually we explain the
lenses by discussing power.

Forma-34, Physics, Class 9-10
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You have certainly heard people say that the power of a lens of somebody s high.
What do we mean by the word power?

The conception of power
comes from the matter of
seeing big and small using a
lens .If we place a body in front
of two different lenses at the
same distance, and the object T
looks bigger in one lens than in
another lens , then we say the
power of the lens is higher in ¥
which the object looks bigger. S
If vou think about it you will i

see that the smaller the focal
length of the lens, the object is 2
seen bigger 1eure 9.27).
gger (Fig } Yp v |0 Fr

Therefore the power of a lens P
is inversely proportional to the
focal length. If the focal length
is [ in meters then unit of power
P is the diopter. If the power of  Figure 9.27 : The lens which have as much as
the glass is 2.5 (Nobody uses
diopter in general conversation).
Then the focal length of this
glass will be

smaller the focal length . the object is seen to be

bigger

f =§=¢;—5- m = 04m (the unit is in meter)

Power is not only used only for convex lens to show bigger objects. In the case of
concave lens the same power is used to show smaller images. In the concave lens in
which the object is seen as much as smaller, the power will be greater or the focal
length will be smaller. In the case of a convex lens the power is positive and in the
case of a concave lens the power is negative,
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® Exercise

General questions

1. The velocity of light in a denser medium is less. Is there anything which can
go with the velocity greater than the velocity of light?

2. At noon why 1s rambow nol seen ?

3. Drops of water can work like a lens. What is focal length of this lens ?

Mathematical questions

Figure 9.32: Total reflection angle will be changed if liquid drops of different
refractive index are placed on the point of incidence.

1. If a ray of light passes through glass
having shape shown in Figure 9.32, then
the critical angle of total internal
reflection 65° is found. Due to a drop of
liguid at the poimt of incidence, total
mternal reflection happened at angle
75% What is the refractive index of the
liquid.

2. The focal length of a convex lens
made of glass 1s 10 cm. If a lens of
exactly the same size 15 made ol

[ocal length.
length?

L =

Figure 9.33: Ap object which is

3. Draw the rays for object XY and show the position of the image as accurately
as possible (Figure 9.33).
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Figure 9.34: (a) An object kept inside of the focal length of a convex
lens (h) an object kept outside of the focal length of a convex lens.

4. Draw the rays for object XY and show the position of the image as accurately
as possible (figure 9.34 a).

5. Draw the rays for object XY and show the position of the image as accurately
as possible (figure 9,34 b).

%% Multiple choice questions

Choose the correct answer.
1. Where will the image of an object be when it is placed in a denser medium
and looked at from a rarer medium?

a) raised upward b} gone downward

c) remained at the same place d) moved aside
Answer the questions 2 & 3 from Figure 9.35
2. What is the angle of refraction here?

a) 0° b) 90° N

c) 1807 d) 45°

3. What will happen if the angle of incidence is Q o R

bigger?
a) Total internal refraction
b} Total internal reflection
¢) Refraction and reflection
d) Reflection Figure 9.35
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4, The ray diagram usually used to draw the image for a convex lens is

FI
F' F o — :
o J' :F
(1) (ii)
Figure 9.36
(a)1 (b)u
(c)1&ii (d)i, n & 111
5. Which is the unit of power of a lens?
a) Dioptre b) Watt
¢) Horsepower dy Meter

Creative questions

1. Shiuli, a tenth-grade student, has difficulty seeing the writing on the black-
board in the class. After consulting a doctor, she was prescribed glasses with
lenses of -2D power. Her elder brother, Togor, drew a ray diagram to show her
where the image would form for an object positioned | meter away from the
lens. He also explained to Shiuli whether the image formed would be real or
virtual.

(a) What is a lens?

(b) How can the nature of a lens be identified withour touching it?

(¢) Determine the focal length of Shiuli’s glasses.

(d) Draw the ray diagram illustrated by Togor in the stimulus and analyze his
steps in explaining it to Shiuli.



Chapter Ten
Static Electricity

If you comb your hair in winter and then hold the comb near some small pieces
of paper, you will notice that the pieces jump towards the comb. Again during
storm, flashes of lichtning and thunder bolts rumble and shake up the whole
area. Static electricity is responsible m both the cases. Everything around us
consists ol molecules and atoms the nucleus is the center of an atom and the
electrons revolve around the nucleus. An electron is negatively charged and a
nucleus 1s positively charge. If one or more electrons can be separated in any
way. statio electricity is produced. We will discuss the various processes of static
electricity i this chapter. We will moreover know how force acts between two
charges when they are kept near lo each other.
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@ By the end of this chapter we will be able to-

explain the basic causes of production of charge on the basis of the
structure of atoms.
explain the causes ol production of charges by induction and friction.

delect the nature of the charge by an electroscope.

measure the electric force by applying Coulomb’s Taw.

explain the causes of production of an electric field.

explain the direction of electric lines of force that can represent the
direction of the electric feld.

explain the electric potential.

explain the function of capacitors to preserve electrical energy.
explain the usage of static electricity.

explain the sirategy to keep safe from the risk of static electricity.
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10.1 Charge

If you comb your hair in winter and then hold the comb near some small pieces
of paper, you will notice that the pieces jump towards the comb. In cold
countries during winter air is very dry, When babies crawl on carpet, their hair
seems Lo stand straight and it seerns one hair is pushing the other. All of you have
seen thunder bolts during stormy night and observed how flashes of lightning
comes towards the earth,

In the attraction of paper, repulsion of hair or thunder bolt- the basic thing behind
these three phenomena 1s charge. To know what charge is and why charges
attracl or repulse or create thunder bolts, we have to understand the basics, we
have to know how atoms and molecules are formed.

We all know everything is made of an atom and molecule. There are 118
atoms in this world, among which &3 are stable, only with these atoms millions
of different molecules are formed. Water is made of two hydrogen and a oxygen
atom. a sodium atom and a chlorine atom forms table salt. a carbon with four
hydrogen atoms form the cooking gas, etc. (You need not be surprised, there are
only 50 letters in Bengali, with these alphabets thousands of words are built!)

Atom is the building block of everything. Nucleus is the center of an atom and
electrons revolve around the nucleus. The nucleus consists of a proton and a
neutron. A proton is posiiively charged while a neutron 1s chargeless and an
electron 1s negatively charged. The charge of a proton and electron 15 equal but
opposite and the magnitude of this charge is 1.6 x 10" coulomb. In an atom
generally there are the same number of electrons and protons and so an atom is
charge neutral. Hydrogen 15 the stmplest atom. The nucleus of hydrogen atom
consists of only one proton and only one electron is revolving around it. The
next atom is helium which consists of two protons in the nucleus (and two
chargeless neutron) and two electrons outside the nucleus. In this way larger
atoms are formed. Excluding hydrogen atom, we can say the number of protons
that a nucleus there is at least the same number or generally more than this
number of neutrons present.

Electrons outside the nucleus do not revolve in the same orbit. As shown in
figure 10.01, electrons on filling up one orbit go to the next orbit. Electrons in
orbits close to the nuclens are strongly bound, but for some atoms electrons in
the outer orbits can be separated with a little effort. Tonization is a process of
removing the electrons.
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Normally atoms are charge neutral and that means there are an equal number of
electrons and protons m an atom. But if an electron is removed from the
outermost orbif, then the number of protons is more than the electrons and the
atom is not electrically neutral anymore, the amount of positive charge within it
increases. If one electron is removed, one positive charge is developed in the
atom, if two electrons are removed.

two positive charges are developed.

We then say that the atom has been

ionized or charped. As an atom 18 Blétti

positively ionized. it can also be
negativelv 1omized or charged. That
15, when one or more isolated
electrons are attached to an atom,
then the total charge of the atom is
negative.

The electrons of an atom revolve
around its orbit; there are certain
rules about how the electrons will be
distributed in the orbits. You have Nucleus

learnt thas  elaborately In your

chemistry book. So we will not go

deeper. You know sometimes in the  Figure 10.01: An atom of argon. Electrons
last orbit. there are one or two fill up one orbit and then other orbils
electrons that are nearly free: in such

materials elsctrons can  make

movement very easily within the

materials, We call these materials

electric conductors. Again, there are some materials within which there are no
electrons that can move freely, in these materials electrons are tightly bound.
These are called nonconductors. Metals like gold, silver, copper etc. are good
conductors of electricity. Wood. plastic, glass, rubber eic. are nonconductors ol
electricity.

If we have understood the topics explained so far about the structure of atoms,
the next topics following static electricity will be very easy to understand.

Faorma-33, Physics, Class 9-10
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10.2 Static Electricity by Friction

If a glass rod is rubbed by a piece of silk, (Figure 10.02) electrons starl to move
from the glass to the silk. So the glass rod is positively charged and the silk
negatively, This happens because silk has more affinity for electrons than the
glass. Again if a plastic is rubbed using a flannel ( or wool), electrons will move
to plastic from the flannel. Because plastic has more affinity for electrons than
the flannel.

Figure 10.02: If glass is rubbed with silk and a plastic is mbbed with flannel
positive and negative charges can be produced,
Now we can do an experiment. Suppose, using glass and silk we have positively
charged two pieces of glass. Il we carelully hang one piece of glass with
msulator silk and then bring the other close to it then we will notice that the glass
that is hanging is going away due to repulsion (Figure 10.03).

Similarly if we charge negatively two pieces of plastic and hang one of them
with silk thread and bring the other near to il, we will see the same result, one is
repelling the other. Now if we bring the positively charged glass rod near to the
negatively charged plastic rod, then we will see. they will attract one another.

When we learnt gravitational force, there was only one type of mass, so only one
type of force, and it was attraction. Because there is only one type of mass. there

is nothing called a negative mass. Now we see there are two types of charges
and so forces are ol two types, sometimes attractive, and sometimes repulsive.

=
o
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If we have done the experiment properly, we will {ind that similar charges
repulse each other and opposite charges attract each other.

Figure 10.03: Like charges repulse 2ach other and unlike charges aitracl each
other.

10.3 Electrical Induction

At the beginning of this chapter it was said that if you comb your hair and then
hold the comb near some small pieces of paper. you will notice that the pieces of
paper jump towards the comb. The comb is altracting the pieces of paper. We
know that negative charge has been gathered in the comb and due to this reason
the comb is atiracting the pieces of paper. But there is a slight complexity. We
know opposite charges attract each other, so to attract the pieces of paper
opposite charge of the comb has to be created in the paper. Since we know the
pieces ol paper have no charge, then why is the comb attracting them?

This happens due to a process called eleciric induction. If charge is
accumulated in glass or plastic and brought near a neutral body, then charge will
be produeed in the neutral body. To explain it, a metal sphere 1s shown in Figure
10.04 and kepl on a non-conducting stand. Now il positive charge 1s
accumulated in a glass rod by rubbing it carefully with silk, and this is brought
near the sphere, negative charges of the sphere will come cleser due to attraction
and  positive charges will move away towards the back portion of the sphere.
Now the glass rod is positively charged and the part of the sphere near the glass
rod 1s negatively charged, so they will attract each other.
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Now we will understand the phenomenon of attraction of paper by the comb.
When a negatively charged comb is brought near the pieces of paper, then the

Figure 10.04: If a charged body iz brought near to a chargeless body, opposile
charge 1s mduced.

part ot the paper closer to the comb is induced with a positive charge, while
negative charge 15 induced in the farther parts. The positively charged part of the
paper is attracted by the comb and the negatively charged part of the paper is
repulsed by the comb. But as the positively
charged part is closer to the comb, the attraction
is more than the repulsion. As a result, the
pieces of paper jump towards the comb, being
attracted by the comb, (Figure 10.05)

Another thing happens then which you may
have noticed yourselves. Pieces of paper which
jump fto the comb and attach to the comb
almost immediately fall away.

You may understand the reason of this too, If
the piece of paper gets attached to the comb due
to attraction, then it does not stay induced

Figure 10.05: During

anymore. It itself becomes accumulated with wiiter, combing hair and
negative charge by oblaining negative charge the comb is hold near the
from the comb. As a result it gets repulsed by pieces of paper, they feel
the comb and falls down . You can do the attraction.
experiment.
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If water vapor is present in the air, the accumulated charge gets lost gquickly. As
a result, these experiments of static electricity work well in winter.

@ Example

Question: Suppose there are two metal spheres. Is it possible to create two types
of charge in the two spheres with a positively charged glass rod?

Figure 10.06: 1t is possible to induce different charges in two spheres in contact

Answer: As shown in Figure 10.06, it is possible to induce different charges in
two spheres and separate them.

We have talked about (hree different phenomena at the beginning of this chapter.
You have understood by now why they happen.

The event of the comb has been explained. The crawling of the little baby is also
easy to understand. Due to friction with the carpet, charge accumulates in its
body and spreads o the hair also. All hairs have same charge. We know similar
charge repulses, so each hair repulses each other and becomes straightened. Now
we can explain the event of the thunderbolt too. Due to friction among clouds,
charge pets separated. When a large amount of charge is accumulated in the
clouds, it creates induction of opposite charge below. Sometimes that is so large
in amount, it becomey connected with the clouds by piercing the air. We call this
lightning. (Figure 10.07).
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10.3.1 Electroscope

Physics

An electroscope is a wonderful equipment for test of static electricity. The

eguipment is very simple. To determine
the presence of charge, it contains two
light leaves of gold, aluminum or some
other metal. These two leaves are connect-
ed to a metal disc by a highly conducting
rod. The whole setup is kept inside a glass
bottle with a nonconducting stopper so
that it can be seen from outside, but air or
anything else cannot touch the light metal
leaves.

Charging the electroscope

If a glass rod is rubbed by silk, positive
charge is accumulated in the rod. Now 1f
the glass rod touches the metal disc of the

Figure 10.07; When a large amount
ol charge comes down to ground

from clouds, we call it lighinmg

electroscope, some charge will immediately go to the disc. As the disc is
connected with the metal rod and the leaves, the charge will spread
everywhere. When similar charges appear in the gold leaves, the leaves will

repulse each other and create a gap
between them.

Similarly, if a comb is rubbed with
flannel, negative charge will accumulate
in the comb. Now 1f this comb touches the
dise, negative charge will spread up to the
gold leaves and they will repulse each
other and create a gap.

Determining the Nature of Charge

If charge is accumulated in an object, we
can determiine whether il is posilive or
negative using an electroscope. At first,
we have to give some known charge to the
disc of the electroscope. If we create
a positive charge in the glass rod by

2023
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rubbing it with silk and then touch it to the disc, the reduction of gap between the
leaves will indicate the electroscope has negative charge. If the gap increases,
then 1t will indicate the presence ol positive charge.

Induction of Charge

We can determine if an object contains charge without touching the disc. Let us
imagine, a positively charged rod is brought near the disc. Then the disc will
have negative charge due to induction (Figure 10.08). To make induction of
negative charges, negative charge from other paris of the electroscope will have
to come in the disc and as a result positive charge will be created in the gold
leaves too, This positive charge will push gold leaves apart,

Instead of bringing a positively charged object. if we bring a negatively charged

object, then there will be gap too between the gold plates. This time it will be due
to accumulation of negative charges there.

10.4 Electric Force

We have seen earlier that opposite charges atiract each other and similar charges
repel each other. Bul we do not

know yet how altraction  or

repulsion works. To know this, we r

need to look at Coulomb's law. dy 5
Coulomb determined how much
force works between two charges.

Figure 10.09: The {orce Facung

We have already seen such a law, between two charges g, and g, can
Newton's gravitational force law, gither be attractive or repulsive
which is as follows:
" Tging
F=6G—7
T

The interesting thing is, it mass m1 and m, is replaced by ¢ and g, we get
Coulomb's law. (& was the constant for gravitational force, now we will use the
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constant k. This is the difference. That is, if two charges ¢, and ¢, are placed at a
distance r, the force (Figure 10.09) working between them will be,

q1tz
[F=r'|:"!—_i— J

Here the unit of the two charges ¢, and ¢, is C and of distance (or r) is m. so we
may say, the unit of & will be Nm?/C, so that the unit of F becomes N.
The value of k:

ke =9x10% Nm*/C?
Coulomb 15 the umt of charge. We will see in the next chapter that the [low of
charge 1s electricily or current, and the unit of current is ampere. Il one ampere
current flows for one second, the amount of charge that flows is called one
coulomb (C).
But, the authentic way to understand the coulomb is to understand the amount
ot charge of an electron or proton. Its amoumt is:

Charge of electron : —1.6 x 10712 ¢
Charge of proton : +1,6 x 10719

You can see, if g, and ¢, both are positive or negative, then the value of F is
positive and they will repel one another. If one charge is positive and the other is
negative, then the value of F will be negative, which means the direction of the
force 1s changed, that is, the charges will attract one another. We have seen this
earlier and now the formula shows this too.

@ Example

Question: A +1 C charge and a -1 C charge are placed at a distance of 10 em.
How much force is acting between them?

Answer: Two opposite charges will attract each other. The force acting between
them: (Figure 10.10 a)

£ = k‘hﬁ'z
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Here,

g1 = 1 [;

q}l - ‘_l C

r=10cm=0.10m

k =9 % 10 Nm?/C?

Sa, _*S‘xlﬂ‘-‘xlx{—l}

R 11
01072 N=-9x10"N

m— >

L’ ‘_F
i X —il-— 1=8 —i
{a) {b)

Figure 10.10 : (a) Distance between +1C and -1C 15 10om (b) Distance
between +5C and +3C 15 1m.

Question: Two charges of +35 C and +3 C are placed at a distance of 1 m. Now
a third charge +q is placed in between them, where will it not feel any force.
(Figure 10.10 b).

Answer: The +5 C charge will repel +q charge towards the right and the +3 C
charge repel towards the left. When two charges will repel by equal force, +q
charge will not feel any force.

So

2 (1-x)2
5(1 — x)? = 3x2
2x2—10x+5=0
10 ++100 — 40

4
x = 4435 or 0.565

As the value of x will be between (0 and 1, so the value of x must be 0,565,
(Can you try what it would be if the value of x was 4.4357)

=

i (+5)g i (+3)q

x

Forma-36, Physics, Class 9-10
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Question: There is a proton in the center of a hydrogen atom and an eleciron
outside it. The charges of the proton and electron are +1.6x10'° Cand -1.6x10*
C respectively. If the distance of the orbit of the electron from the nucleus is
0.5%10% m, how much attraction is found between them?

Answer:
F=k *hg.:
T

Here, g1 =+1.6x1071°C

fja = —1.6¥ 1[]--19 o

k=9 x 10° Nm?/C?

r=05%x10"%m
therefore. f _ 9% 107 % 1.6 XK I ¥ (=16 X 10719

(05 X 10°5)2 N=-922x107*2N

The negative sign denotes there is altractive force between the proton and the electron

Question: How much charge should be stored in the earth and the moon so that
the gravitational force becomes zero and the moon goes out of its orbit?

Answer: The gravitational force acting between the earth and the moon:

s mi
= G—?;E-u
Here, G = 6.67 x 10711 NkgZm?
m=7.35x%10* kg
M = 597 x 10%* kg
r=3.84 % 10° km
. 6.67 x 107 x 7.35 x 10%% x 597 x 10%*
50, F. = N=198x 10%N

(3.84 % 105)2

2023
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If an equal amount of charge is kept in the earth and moon, the repulsive force:

9 x 10° x g2

Fp=a—

(3.84 % 105)2

Two lorces must be equal for reducing gravity by Coulomb force.
That 18 F.=F;

NC

9 x 10° x g°
(3.84 x 10%)2

198 x 1025 N = o

q* = 3.24 x 10% C*
g=>569x1013C
Therefore, the number of electrons,
q _569x1083¢C

e T 16x10-1°C

The mass of an electronis  9.11 x 1073 kg, so the mass of all electrons:

= 3.56 x 1032

(3.56 X 10%2) % (9.11 x 10~3) kg = 324 kg

So, if we can keep 324 kg electrons both in earth surface and in moon, the moon
would come out of its orbit. (The mass of a moderate cow!)

10.5 Electric Field

The force between two charges can be determined by using Coulomb's formula.
You may remember, for gravitational force, we have determined gravitational
acceleration without beginning {rom gravitational [orce separately. Multiplying
that acceleration with mass, we determine force.

In case of electric force, we can do that. we can define a new quantity called
electric field. Multiplying charge g with this, we will get the force F acting on it
Therefore, any charge ¢ creales an electric field around i. That electric field £
i8:

E=k—=

e
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If anv charge ¢ is brought in this electric field, then it will feel /' force on it and
the magnitude of /7 will be,

F=Eg

As force F is a vector and charge q is a scalar, so, F itself is a vector and its unit

is N/C. You will see, this topic is easier to explain with the help of electric fields.

Electric field cannot be seen, but to make 1t easy to understand, sometimes one
type of completely imaginary

lines are drawn, called the v

electric lines of force (first \& %
introduced by  Michael —JE -, il
Faraday). Our known world is W ﬁ %

three dimensional. so the lines
Figure 10.11: Limes of torce diverges {rom

of force will spread in all
directions. To show you, these

positive charge and converges into negative
charge

are drawn in a plane (Fig
10.11).
There are some rules of

drawing lines of forces:

(a) In case of posifive charge the lines of forces emerges from positive charges,
and in case of negative charge converges into negative charges . In a specific
point, the direction of tangent line of force is the direction of electric field.

(b) The more the amount of charge, per unit volume or area the more the number
of lines of forces.

(¢) The nearer the lines of force. the more the magnitude of the electric field.

(d) The lines of force of one charge never intercept the lines of force of another
charge.

In Figure 10.12 (a), the lines of force of two opposite charges are shown. You

can see, the lines of foree of one charge ended up in another charge. Where the

magnitude of the electric field 1s higher, the number of lines of force is higher.

Also, when the figure is seen. it gives a feeling that the two charges are

attracting one another. In Figure 10.12 (b), both the chargzes are positive and

from the figure it can be seen that, the two charges are repelling one another. Not
only that, in the middle portion of two charges the electric field due to one
charge is neutralized by the eleciric field of the other. As a result the number of
lines of force is less, and there is a point in the middle where the magnitude of
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the electric ficld is zero. If both the charges were negative, then the direction of
lines of force, would change only, besides this everything would be as before,

Figure 10.12: Lines of force of (a) opposite charge and (b) same charge

@ Example

Question: What is the magnitude of the electric field at a distance of 10 m for 5

C charge?
Answer: We know,
i
E=k=
Here, G =8¢
gz =—-16x%1071%¢C
r=10m
k =9 % 10° Nm?/C?
So,
9x10%x5
=—pr N/C = 4.5 x 108 N/C

2125
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”!'

N

Figure 10.13: Lines of force for +q
and -2q charge.

Question: A charge of 3 C is experiencing a force ol 10 N, What 1s the electric
field?
Answer: We know f=¢gF

So, F
E=—
iq
Here, F=10N
g=3C
Therefore, 10N
E=—=——=333N/C
g 3C

Question: If there are two charges q and -2q close to each other. what will be
their lines of force?
Answer: This is shown in Figure 10.13.

2025
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10.6 Electric Potential

We know that in an electric field E, a charge q experiences a [orce F=¢E when
brought close 1o another small positive charge g, Il experiences a repulsive
force. Therefore, to bring a test charge ¢ from a distance r; along a straight line,
work has to be done agamst the repulsive force. The closer the charge q, is
brought to charge q, the greater the repulsive force it will feel, and thus more
work must be done. According to Coulomb's law, if the distance between
charges q and q, is infinite, there will be no force acting between then,

[f work W is done in bringing an extremely small positive test charge q,. at con-
stant velocity, from an infinite distance to a distance r from the charge q, then
the work done per unit test charge is called the electric potential V of charge q at
that point. The potential is expressed as:

V=V @)= =
q

For a point charge g, using Coulomb’s law, it can be shown that

'u'[r}=k%

Electric potential is a scalar quantity. The unit of measurement in the SI Svstem
of Units is the Volt (V).

If the work done in bringing 1 C positive charge to a point from an infinite
distance 1s 1J, then the potential at that pomnt is 1V :

@ Example

Question: What will be the stale of the potential around a positive and a

1 Volt (V) = :—iqc*

negative charge?
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Answer: For the equal and opposite charges equipotential lines are shown
in figure 10.15. On the left side the potental 1s positive and it turns negative on

the rightside by decreasing equally. Just at the center, the potential is zero.

Figure 10.15: Dquipotential lmes for opposite charges.

10.6.1 Potential Difference

You have likely noticed various warnings on electric lines, such as "Danger: Ten
Thousand Volts." Electric shock is a serious and potentially life-threatening
hazard; there have been many instances where careless individuals have lost
their lives due to electric shocks. It you grasp the concept of electrical potential,
you can better understand what oceurs in these situations. When you encounter a
high potential and touch it, a charge will flow from that higher potential to vour
body, as your body’s potential is lower. The amount of charge that flows depends
on various factors within your own body.

The potential of the object vou touch can be either positive or negative. In one
scenario, electrons may leave your body, while in another, they may enter
1it—baoth scenarios represent electric current, just in opposite directions.

It's erucial to recognize that charge flows due to the difference in potentia not the
value of the potential itself. For example, a crow perched on a high-voltage elec-
tric wire does not suffer an electric shock because its potential matches that of
the wire, resulting in no difference. Similarly, workers can safely perform
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tasks with bare hands on extremely high voltages, such as ten thousand or twenty
thousand volts. while suspended in a helicopter. They do not receive electric
shocks because their body's voltage aligns with that of the wire they are touch-
ing. In this case. there is no voltage difference. so no charge flows. and thus, they
remain unharmed.

This illustrates that the voltage difference is what ruly matiers, not the absolute
value of the voltage itself—a vital concept for everyone to understand.
However, when it comes to measuring voltage levels, it is useful to have a
specific reference voltage. In evervday life, we consider the Earth to have zero
potential. The Earth is so immense that adding or removing a small amount of
charge does not affect its potential. Consequently, all measurements are made
relative to this zero potential. You may have noticed that heavy electrical equip-
ment is consistently well-grounded (Earthing). This grounding ensures that il a
significant amount of charge unexpectedly enters the system—due fo an acci-
dent, for example—it can quickly and sately discharge into the ground, minimiz-
mg the risk of harm to nearby individuals.

10.7 Capacitor

When a conductor 1s charged or electricity is applied to it, 1l allains an equipoten-
tial state. Furthermore, bringing another charged object near a conductor will
induce a charge on that conductor. The potential of a conductor depends on the
charges around it. When heat 1s applied to a material, the resulling lemperature
change depends on its specific heat capacity, If the heat capacity 1s high, the tem-
perature will increase only slightly, even with substantial heat input; conversely,
a substance with a low heat capacity will experience a significant rise in tempera-
ture with minimal heat added.

Similarly. when a charge is introduced to a system of conductors, the resulting
increase in potential depends on the charactenstics of that system. This charac-
teristic is known as the capacitance of the conductive system, commonly referred

Forma-37, Physics, Class 9-10
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lo as a capacitor. A capacitor with high capacitance requires a large amount of
charge 1o produce only a small increase in potential, while a capacitor with low
capacilance will see a significan! rise in potential with just a small amount of
charge. For example, if a spherical capacitor has a capacitance C and receives a
charge Q, then its potential V is given by:

2

C
where for a metallic sphere of radius r the capacitance C is

But the most simple and
effective capacitor is made by
keeping two metal plates side
by side (Figure 10.16). If one
plate is charged positively
and the other is charged
nagative[yﬁ then an electric
field is developed between the
plates and energy is stored in )
that electric field. For a pacaliel meint plite

capacitor, if capacitance is C and voltage is V| then the energy stored in it is:

[Energyz % Ccy? ]
@ Example

Question: What is the amount of stored energy if 10 V electric potential is
applied to a 20uF capacitor?

Answer:

Energy - >CV2=:x20x107°x 102 J=107% J= 1 m]

Figure 10.16: Capacitor fornwed by
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10.8 Uses of Static Electricity

We use electricity in our daily life, in industries, laboralories, educalional insti-
tutions and hospitals etc. But we use current electricity (we will discuss it in the
next chapler) in almost all of these cases. Bul static eleciricity 1s also used in
some special cases:

10.8.1 Photocopy

All of us have used a photocopy machine now and then to copy some wnting. In
this machine, light is projected on the paper which creates an image of the
wrilings on a special kind of roller. Static charges are created on the roller
similar to the writings on the paper. Afier that, the roller is brought in coniact
with very fine powder like ink, and black ink is absorbed at the parts of the roller
where charges are formed. Then this ink is imprinted on a new white page. The
ink is attached very well to the paper by heating so that the ink doesn't scatter,
and the process work in this way.

10.8.2 Van de Graaft Machine

Different types of work are done with high voltage. This can be done with a Van
de Graaff machine using static electricity. Static charges are sprayed on a

rotating insulating belt, by rotating the
belt it is taken inside a metallic sphere R g T
(Figure 10.17). A tangent (comb ol

sharp needle) receives the charge [rom +
above the belt and sends it to the +
metallic sphere. We know, charge +
always [lows from higher potential to +
lower potential. Il always happens in
the Van de Graafl generator, because /’ +
mside the metallic sphere the potential  qemallic
is equal to the poteniial of the surface. sphere

static charge

The excess vollage that 18 created on spray

the belt due to the excess charge on the insulating | .

belt, 1s always higher than the veltage belt

of the sphere. Due to this reason, any |___|

charge inside the sphere goes to the _ = ="ig, _
Figure 10.17: Van de Graall Machine

surface of the sphere. In this process,
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by accumulating huge amount of charge on the sphere it is possible to develop
high potential.

10.8.3 Fuel Truck

When petrol or other fuel trucks supply fuel, then they have to be very careful so
that no electrical sparks are created suddenly which may produce a big
explosion. This may happen if static electricity 15 generated due to friction
between truck wheels and the road. So behind the truck, a metal chain hangs
from the tank and stays in contact with the ground. In this way. any static
electricity produced is directly transferred to the earth through the chain.

10.8.4 Electronics

In cold countries, the amount of water vapor in air is verv low and the effects of
static electricity are very high. Many types of IC (Integrated Circuit) are used
while working with electronics. Some IC"s can be damaged by even a slightest
change of voltage to their pins. That is why a touch of the hand while working
with electronics can damage a valuable IC or the circuit board. For doing work
under these circumstances, the upper part of a table is connected to the ground
with a conducting wire. Simultaneously. the hands of the person working are
connected to the ground using an electrical conducting strap.

10.8.5 Lightning and Lighining Arrestor

‘When water vapor rises to form clouds, the negative charges (electrons) created
due to friction between water vapor are stored in the lower altitude clouds. So
naturally a shortage of electrons is developed in the higher clouds making them
positively charged. When a large amount of charge is accumulated in the clouds.
a huge spark is formed inside the clouds to refurn to neutral state (which we
know as lightning). Sometimes so much charge 1s accumulated in the clouds that

thev ionize the air and literally wavels to the ground. We call that a thunderbolt,
A huge amount of charge 1s brought Lo the earth during a thunderbolt. It 1onizes
the air while travelling through it, so a huge amount of heat, light and sound is
produced, and such amounts of charge can cause serious harm to the places
nearby.
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Millions of amperes of electric current can flow during a thunderbolt and for this
flow of current, the temperature of the air can rise up to 20-30 thousand degree
Celsius which is even more than the temperature of the sun!

For this temperature we see a bluish white sparkling in the sky. Another thing
occurs due to this temperature; the air expands to a great extent and moves
outside, and m the very next moment air from the outside fills in that blank space
created. This whole thing oceurs faster than the speed of sound and an incredibly
loud noise is created. When the speed of air exceeds that of sound, it 1s called a

shockwave. The sound of a thunderbolt 1s a kind of shockwave. Although the
Mashing of light and sound are created at the same time, we see the light first,
since the speed of light 1s so much that it reaches us within the next moment. The
speed of sound is 330 m/s which means it takes 3 s for it (o travel one kilometer.
That is why; we can guess the distance at which the lightning is created by
caloulating how many seconds later we hear the sound of thunder. Roughly
3 seconds for a kalometer.

Since clectric current flows down from the clouds during a lightning, it usually
strikes tall structures. So to protect tall buildings from thunderbolts, more than
one pointy metal needle is set up on the roof. This current is then transferred o
the ground by some heavy conducting wires. The science behind this is very
simple. We have seen earlier that when a charged object 15 brought near an
uncharged body. the uncharged body becomes induced by opposite charge. So
while the possibility of a thunderbolt occurs. the pointy needles become
positively charged and an intense electric field i1s created due to pointy needles.
The surrounding air and water vapors become ionized due to this electric field
and these rises aboye and neutralizes the negative charges of clouds and reduces
the possibility of being a thunderbolt. When thunder needles are kept on the roof
of a tall building thev often absorb the thunderbolt and the bar carries the huge
amount of charges directly to the ground. So the current coming down from the
sky doesn’t go to the ground uncontrolled; rather 1t goes to the deep ground
through the heavy wire.
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Not only thunderboll eccurs m the pointy needles, bul also the needles can pass
opposite charges lo neutralize the charges stored in the clouds. That 1s why,
when lightning arresters are installed in tall buildings, the risk of that building
being thunderstruck is reduced greatly.

10.8.6 Static Electric Color Spray

Static electric color sprays are used now-a-days to paint cars, bicycles, steel
cupboards and other metallic things. In these sprays very small particles of
colors are created and since they are charged, while petting out one particle
repels another particle and spreads out. So a large space can be smoothly painted
using spray.

To charge the color particles, the pointy head of the spray is connected with a
high potential source. The thing to be charged is connected with the opposite
potential or the earth. As the color particles are charged. they are attracted
towards the body and firmly attached with the body. Not only that. the color

particles can travel along electric lines of force and can reach the hidden corners
and create a layer of paint in there.

Investigation 10.01

Friction and induction \\

Objective: To create charges from friction and induction
Apparatus: Comb, aluminium foil.

Theory: While combing hair in winter, negative charges get stored in
the comb.

Working Procedure:

1) Take a very small piece of aluminium foil and roll it into a ball.

2) After combing the hair, bring the comb close to the alummium foil
ball. If enough negative charges are accumulated on the comb, it will
mduce a positive charge at the front side of the ball. (Since aluminium
foil 1s a conductor, the electrons in front will easily move back.) The
front side will be attracted by the comb and the ball will jump and

\fﬁﬁk to the comb. _/
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3) Again smce the aluminium foil 18 a conductor, negative charges will
get absorbed immediately and will fall down being repelled by the
comb.,

® Exercise

General questions

1. There 1s a minimum value of charge; this 1s 1.6 107C , 15 there a similar min-
imum value of mass?

2. Why is it that static electricity experiments don’t work properly during rainy
season?

3. Cap you give equal and opposite charges to two similar metallic spheres
without touching them?

4. If capacitance is compared to a container, then what should potential be
compared to?

5. Is it possible for a point to have zero potential but non-zero electric field?

6. Explain the phenomenon of charging a body based on the basis of structure of
atom.

7. Describe how a body can be charged by the process of friction.
8. What 1s electrostatic induction?
9. What is mducing charge and induced charge?

10. Describe how a body can be charged by the process of electrostatic
mduction”?
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11. Describe the construction of a gold leaf electroscope.

12. Describe how a gold leaf electroscope can be charged positively.

13. How can the nature of charge of a charged body be determined by a gold leaf
electroscope?

14, What are the factors on which the electrostatic force between two charges
depends?

Mathematical questions

1. 4C and -1C charges are kept 1 m apart. At which point of the line joining
them. is the magnitde of the electric field zero?

2. An electron in a hydrogen atom revolves around the nucleus due to Coulomb’s
force. The mass of electron is 9.11x10? kg and proton 18 1.67x10% kg and for
this there 1s also a gravitational force between them. Which of these two forces
18 greater and by how much?

3. Draw the electric lines of force for the two charges mentioned in question
number 1.

4. Equipotential lines for opposite charges are shown in Figure 10,15, show
electric field from there.

3. Electric field for two charges is shown in Figure 10.13, draw the potential.

Bﬁ% Multiple choice guestions

Choose the correct answer

1. The name of the apparatus used to determine the presence of charge is -
a) Ammeter b) Voltmeter
c¢) Microscope d) Electroscope
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2. On which factor does the electrostatic force between two charges not depend?

i) the distance between the charges

ii) the nature of the medium in which the charges are placed
iii) the masses of the charges

Which one of the following is correct?

a) iand ii b) iii

c) 1l and 11t d) 1, 1. and 11

3. The unit of electric field intensity is-

a) N b)Nm

c) Nm' d)NC’

4. Volu is the unit of what?

a) electric field b) electric potential
¢) elegctric charge d) electric current

5. In Figure 10.18

i) some charges will flow from

sphere A to sphere B

i1} some charges will flow from

sphere B to sphere A

i11) the charge difference remains same

Which one of the following is correct? Figure 10.18
a)i b)ii
¢) 1l d) L ii- and 111

Creative questions

1. Rima, after combing her hair, observes that her comb attracts small pieces of
paper. Shima says that it happens because the comb is positively charged. Rima
says that the comb is charged negatively. To solve the problem, Rima and Shima
look for their physics teacher and find him in the physics laboratory. Hearing
gverything he asks them to find the nature of the charge with the help of an
electroscope.

Forma-38, Physics, Class 9-10
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(a) What do you mean by charge?

(b) Explain why an object 1s charged by {riction?

(c) Describe why the comb is charged?

(d) Explain how the nature of charge of the comb can be determined by the
electroscope.

2. ¢,(2C), ¢,5(-1C) and ¢,(1C) are three charges placed on a straight line

sequentially and equidistant from each other.
E.;E Im -1C 1m 1C

91 frz

(a) What 1s electric force?

(b) Why are electric field and electnc held intensity not the same?

(¢) Draw the lines of force produced by three charges.

(d)What should be the magnitude of charge g, be, so that charge g, will not feel
any force on it? Explam.
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Chapter Eleven
Current Electricity

Now-a-days, we cannot spend a single moment properly without electricity. To
operate machines and other instruments around us, we need electricity. In the
previous chapter we discussed static electricity. When charge [lows through a
conductor, we call it current electricity or, in brief, electricity. We will describe
the terms required to explain current electricity and learn the rules of flow of
electricity. In this chapter we will also discuss how we can measure electricity in
a circult and potential difference.
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@ By the end of this chapter we will be able to-

demonstrate the production of current electricity from static electricity.
explain the direction of electric current and flow of electrons.

draw a circutl by using the symbols of electric devices and appliances.
explain conductors, insulators and semiconductors.

establish a relationship between electric current and potential difference
by using a graph.

explain fixed resistance and variable resistance.

explain electromotive force and potential difference.

explain dependence of resistance.

explain resistivity and conductivity.

use series and parallel connection.

use an equivalent resistance in a circuit.

caleulate electric power in a circuit.

explain system loss and load shedding in a circuit.

describe the sale and elfective use of electricity.

draw a typical house circuit and demonstrate the use of AC sources in its
different parts.

draw a poster to build consciousness about dissipation and conservation
of electricity.
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11.1 Electric current

We have discussed in the previous chapter that if two bodies have a
potential difference, then charge flows from the body of higher potential to
the body of lower potential. The flow of charges continues until the
potential becomes equal. This flow of charge is the flow of current or
electricity, which we generally call “clectricity™. Using this electricity,
lights turn on, the fan rotates, and the phone charges!

Figure 11.01: Electricity flows from a charged sphere to an uncharzed sphere.

11.1.1 Electromotive Force and Potential Difference

You can understand that electricity flows only if there is a potential
difference. If we want to get a continuous flow of electricity, we have to
alwavs maintain a potential difference and cannot let it be equal. If
potential is created using a positive charge in a sphere and then connecting
it with another uncharged sphere (Figure 11.01) by a metal wire, as the
electricity starts flowing, the potential difference will start decreasing and
the potentials will become equal! It is possible to develop a potential
difference between the two plates of a capacitor by accumulating charges
there. But il the plates of the capacitor are conmected with a wire, the
potentials will become equal due to flow of charge.

So you can understand that if we want a continuous flow of electricity, we
need some other process which will maintain a potential difference that
will not decrease with the flow of charges. All of you have seen such
technique; these are battery cells or generators. Potential difference is
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produced by a chemical reaction inside the battery cell, if the flow of
charge starts, chemical substances start decreasing. When chemical
substances are finished, battery cells cannot create a flow of electricity.
The ordinary battery cells that we see regularly have a potential difference
of 1.5 velt.

For the supply of electricity that you have in your school or residence,
there are two points for using it, one of them is at higher potential and the
other one is at lower potential. This difference in potential is maintained by
a generator, which develops this continuously. A battery cell or a generator
has to send charges continuously from low potential to high potential for
continuous flow of electricity, and for that it needs energy. If ¥ amount of
work is done to bring O amount of charge from low potential to high
potential m a battery, then the electromotive force or e.m.f of the battery

187

EMF = &
@

A battery cell or a generator which supplies electric energy has an
electromotive force or emf. When a battery cell or a generator is connected
to a circuil, this electromotive force brings the charge through the whole
circuit.

produces is its electromotive force or emf.
In English it is called “force”™ but in ke
Bengali it is “energy”. Actually, this emf l

The amount of potential a batlery q,ng 15V O

or electromotive force is not force or
energy at all. We said earlier that in

physics terms like “force™ and “energy™ (a) (b)
are very specific. We cannot use one word Figure 11.02: It is possible to
mnstead of the other. Unfmh_um{g]}.r this make positive and negative

has been done here. But don’t be voltage by a battery cell

confused, because the potential that a battery or generator creates 1s its
EMEF. We said earlier that the magnitude of the potential is not important,

the

2023



20235

Currenl Electricity 303

difference of 1t 1s important, So you will see that the value of potential of
one terminal of a battery cell can be made different, but the difference will
remains the same.

@ Example

Question: The potential difference of
a battery cell is 1.5V. What is the

15V
actual potential of both terminals? ’_L
Negative is zero and positive is 1.5V? |
5

+15V

11
13

L]
i
=

or negative one is -1.5 V and positive
one 18 zero?

Answer: Both of them can be true. If
it is like Figure 11.02 (a) then the

s———e

negalive is zero and the positive is Figure 11.03: Different positive
1.5 V. But if it is like 11.02 (b) then and negative voltages are made
the positive is zero and the negative is using two batierv cells

-1.5 W

Example: Make voltage 1.5V, 3.0V, -1.3 V, -3.0 V using two 1.5 V battery.

Answer:This is shown in Figure 11.03.

11.1.2 Conductor, Insulator and Semiconductor

Conductor: If we have understood the structure of matter properly, then we
have understood one thing clearly. In solids the atoms and molecules strongly
hold their own positions. If temperature is increased the atoms or molecules start
vibrating, staying at their own position, and don’t move away from their
positons. When vou learnt metallic bonds in vour chemistry book, vou have
seen , some electrons of metal atoms are in a free state which can move from one
place to another. For this reason, those are called conductors. Gold, silver,
copper, aluminum etc. are good conductors. Charge can be transterred through
conductors, but we have to remember that this transfer of charge is done by
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electrons; flow of electricity is done by electron, negatively charged electrons!

Insulator: The substance which has no free electron for conducting electricity is
called an insulator. Plastic, rubber. wood, glass are examples of msulators.
Mainly, non-metals are insulators.

Semiconductor: There are some substances whose conductivity lies between
insulators and conductors at normal temperature, but their conductivity
increases with the rise of temperature. These types of substances are called
semiconductors. Silicon or germanium  examples ol semiconductors.
Semiconductor are elaborately discussed in the last chapter of this book.

11.1.3 Direction of electric flow

We have seen that if two bodies of different potentials are connected by a
conductor. charge starts flowing and it continues until the potentials become
equal and we say electric current is flowng. Many of you may have started
thinking because when we talked aboul equalizing two dilferent potentials by
flow of charge, we said that it is true for negative charges, as only negatively
charged electrons can go from one place to another. Then what happens in case
of positive charge? As the positive tons are sirongly bounded in their own
positions, how does positive charge move from one place to another?

You may have already realized what happens in that case. The deficiency of
electron is positive charge. So increasing the deficiency by moving electrons
means a supply of positive charge! So, if it is said that in Figure 11.01 positive
charge moves from A to B by flow of electricity, actually it means that electrons
move from B to A,

The flow of charge is electric current. So far, we have tried to understand it
normally. Let us specify it a little bit now. Electric current means the rate of
change of flow of charge with respect to time i.e. if O charge flows in time t, the
electric current is:
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If the unit of charge is the Coulomb (C) and of time is second (t}, then the unit
ol electric current is ampere A. Interesting thing is, to [ind the unit of charge we
said, if one ampere electric current flows for one second then the amount of
charge that flows is called 1 Coulomb. Electric current is the rate of flow of
charge; if | ampere current {lows from A to B, it means 1 coulomb positive
charge has been moved from A to B. Which actually means that the amount of
electrons equivalent to 1 Coulomb charge has been moved from B to A.
Therelore, you see that the direction ol electric current is opposite to the
direction of flow of electrons. (All problems could have been solved if we
assume the charge of electron is positive, but it has been too late!)

11.2 Relationship between Potential Difference and Electricity

Now we will discuss actual flow of current in a real circuil. We have said before
that if there 1s a potential difference between two points and if we connect these
two points with a conducting wire, electric current will start flowing between the
points, though we haven'l discussed the amount of electric current. Not only that,
will the amount of current that flows if the connection is made by a gold wire be
equal to the current that will flow through the connection made by an iron wire?

11.2.1 Ohm’s Law
To see the relationship between 3
potential difference and electric
current we can do an experiment.
The equipment used for measuring
voltage is called a voltmeter, and
the equipment used for measuring
current 18 known as ammeter.
(Actually the same equipment can
be used sometimes as a voltmeter

and sometimes as an ammeter by
turning a switch.) Let us take a few
battery cells. Il the vollage for one
batterv cell is 1.5V, for two cells it
will be 2x1.5 =3 V, lor three cells it
will be 3x1.5 = 4.5 V. We can apply Figure 11.04: Current flow relative to
different potential differences in

cugrent (mA)

2 3
: Iputv:mia] difference (v}

Nl

=3

potential difference due Lo resistance

Forma-39, Physics, Class 9-10
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this way. Not only this, we can also change the direction of the potential
difference by reversing the cells. So if we apply diflerent positive and negative
potential differences between two sides of a wire or some other conductor and
try to measure the current that flows, we will see that

a) The higher the potential difference the higher the current flow.

b) If potential difference is negative, the electric current also changes

direction.

1" we put the result of the experiment on a graph, it will be like figure 11.04 (a):

Therefore,
[ecl

If we do the same experiment by using a wire of sorme other materials, we will get
similar results. But the slope of the straight line may be different. (Figure
11.04({b)) Now if we analyze the results of these two experiments, we will
understand that for a certain potential difference, the current that flows through
the first conductor is more than the current that flows through the second
conductor for the same potential difference. It is as if the flow of current is easier
through the first conductor and a little difficult through the second one. To
explain the matter. a quantity named ‘resistance to current flow” or simply
‘resistance’ has been introduced. We can see thatl the relation between voltage
and electric current can be expressed by a law which is known as Ohm's law.

So, the hugher the resistance, the lower 1s the electric current. And the lower the
resistance, the higher is the current.

The unit of resistance is Ohm and it is expressed by the Greek letter Q. If 1 V
potential difference is applied in an electric circuit and if it is seen that 1 A
current lows as a result, it can be said that the resistance of the circuit 1s 1 €.

@ Example

Question: To make fun you can write Ohm’s law differently:
v

IxR
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After writing in big font size, cover any of F [ or R with [inger. The value of
the covered one will be obtained from the uncovered ones.

Answer: It is shown in fig 11.05.

v &
I I XR

Figure 11.05: Olim’s law can be used by this igure. The value of the covered
quantity by the finger can be expressed by the two other quantities.

11.2.2 Resistance

Resistance is the obstacle to the flow of current. So the more the length of a
material L, the higher is the hindrance, and resistance.

Rel

Again current can flow more easily through a wide path than through a narrow
path. So, the higher the cross sectional area 4 of a conductor, the lower is the
resistance.

R'DCH

If we want 1o write these two things as an equation rather than in proportional
form, a constant p has to be used. So, resistance R is,

R = L
g A
Where the constant p is, p=R T
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For a certain material, p is specific

pesistince and Do it is O, I&hl& 11.01 ; Specilic resistance of matter

Matter  Specific resistance (Qm)|

To measure how conducting a |  Silver 1.59 x 1078
substance 15, a term called Copper 1.68 % 10-¢2
conductivity 6 has been introduced. [ 1 _a
. : Gold 244 x 10
The more a substance is electrically S— —
conducting, the more is the value ol the Graphite | 250 x 10 .
electrical conductivity. It is reciprocal Diamend 1.00 x 102
to the specific resistance o. (Table | Air | 1.30 x 1016
11.01) ' ;
1
G =—
o

The unit of conductivity g 1s: (@ m)™?

We have to remember one thing; the resistance of a substance is the hindrance
to glectron flow.

The more the atoms and molecules vibrate the more the barrier the electrons will
face while going through them. In other words, the more the resistance. As the
vibrations of the atoms and molecules increases with the increase in
temperature, so the specific resistance of a conducting substance also increases
with temperature. So the temperature has to be specilically mentioned while
expressing resistance or specific resistance of a substance.

Fixed Resistance: Resistors with a definite value are used in different circuits.
They can be of different shapes and of ditferent types. The resistances that are
used in laboratory uses, generally the value of the resistances are expressed by
using bands of differenl colors on them. How much electric power they c¢an
tolerate is also specified along with the value of the resistance.

ik
LINL)

(a) (b)

Figure 11.06: ¢a) Fixed and (b) vaniable resistors
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Variable Resistance: Sometimes an electric circuit needs a resistance, the value
ol which can be changed as per need. The type of resistance, whose value can be
changed within a certain limit, is called a variable resistance or a Rheostat. A
fixed resistance has two ends, whereas a variable resistance has an additional
terminal in the middle, where the changed value of the resistance 18 obtamned. It
is shown in Figure 11.06.

@ Example

Question: The specilic resistances ¢ of silver, copper, tungsten and nichrome
wire are 1.6x10% 1.7x10%, 5.5x10% 100x10* Q m respectively. Using a wire
of 1 m? cross sectional area, make a 1 € resistance,

Answer:
We know, R = PL
A
where, L is the length and 4 is the cross-sectional area.
So.
 _RA_1x1 1
For Silver. Peoor
= = 7
L= 16 <107 6.25 10" m
For Copper,
_— = & 7
L=y =59%10"m
For Tungsten,
1
= e— a b4 7
L=gesps=18%10"m
For, Nichrome 1
R = ———————— = g
L=Tooxqos - 10'm

You can see, to create a 1 € resistance, the length has to be very very long
(almost 1 Lac kilometer). Practically, very thin wires are used, so 4 = 1 m* 13 not
usually feasible. If we fix the radius as 0.1 mm, then how long will a wire need
to be to make a 1 Q resistance?
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We know, RA
L=—
o

A=m?=a(107")Ym* =314 x 10"% m?

For silver, = % =196m

For copper. = % =1.84m

For mngsten, = % =0.57m =57 cm
For Nichrome, L= % = 0.03m =3 cm

If the temperature of a conductor 1s raised, its resistance mereases, but the case
15 the opposite for a semiconducior. The resistance decreases if the temperature
goes up in a semiconductor. The reason is, there are free electrons in a conductor
{or the flow of current, but a semiconductor does not have free electrons. If the
temperature is raised, some electrons are found for the flow of current, so a
temperature rise causes the decrease of resistance of a semiconductor.

11.2.3 Circuit

i we have understood Ohm's law. we should be able to analyse circuits now.
Before that, let us introduce some of the symbols that are used in circuits:

(Figure 11.07)

Every substance has some resistance. but we do not consider the resistance of
electrical wires while using them in circuits in our daily life. When a resistance
1s needed, we use different resistances prepared m special ways. Sometimes we
use such resistances for some special purposes, where even their magnitudes
can be changed. these are called variable resistance or rheostat.
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To analvze a circuit, some simple points discussed below are to be remembered:

Cell —+—— One way swilch ——"e——  Variable resistor
. o theostal Mii
Battery —i|— Tvwo way switch ——
Fixed resistor —AMW—
Fuse —p—3—
@ Galvanometer —{G)—

Crossed wire —I— Bulb & Ammeter —@—
Comnecting wire ———yp—  Capacitor _| I_ Voltmeter —(V)—

Wire not —'I‘—‘ Coll /OO0~ Earth connector il i

connected =

AL source

Figurell.07: Some symbols that are used in & circuit.

(a2) The amount of current that comes out from the higher potential of a source
(battery cell, generator whatever may be) after flowing through the entire circuit,
just the same amount of current comes back to the lower potential.

(b) The amount of current that enters at any peint of a circuit, the same amount
of current will come out from that point, that is, there is no creation or
destruction of current in a circuil. No charge is created here, only transter of
charge occurs.

(¢} In a ¢ircuit Ohm's law 13 true for two poinls in any part, thai is, il the potential
difference of those two points is divided by the resistance of that part, the current
flowing through the circuit can be determined.

A B A -’j!_ B
M D §FI T—— D gﬂ
o ._.1]__.. c o c

{a} (=]

Figure 11.08: Two circuits with a battery cell und a resistor.
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Now we are ready to analyse a circuil. We may think that we have understood
the circuit completely if we can find out the potential difference in any part of
the circuit and how much current is flowing through that part. There may be
many coemponents in a circuit like battery cell, resistance, capacitor, diode,
transistor etc, But now we will analyze the circuit composed of only the battery
cell and resistance. In a circuil, resistances are connecled with copper wires.
though we have seen that copper wire has & specific resistance. But in reality, the
resistance of the connecting wires is very small with respect to the resistances
We use In a circuil, so , we do not consider it at all. We will assume that the wire
has no resistance and the potential is the same over the whole wire.

Now, let us analyse a circuit as shown in Ogure 1 L.O8(a), here, a resistance is
connected to the two terminals of a battery cell with two wires. Since the part CD
is connected to the earth, so we can say that the potential of the lower terminal
of the batlery cell is zero. So, the upper terminal of the battery has a potential V
and there is a resistance in part BC, potential difference between two ends of the
resistance is,

V—-0=V

If the resistance is R, the current I flowing through it will be,
[ = W
R

So, current I comes out from point A of the battery and enters into point B. We
have determined the voltage and current at every point of the circuit.

Let us assume in the same ecircuit, if we connect AB part with the earth rather
than part DC (Figure 11.08(b)) what will happen then? As the voltage of the
battery cell is V volt. so the potential difference between A and D must be V, as
the voltage of A 1s zero, so the voltage of D must be -V, Therefore, the potential
ditference between B and C has to be,

0-(=V)=V¥
Resistance 1s R, so electric current:
v
R

This is the same as the previous value, which is what it is supposed to be. See.
the magnitude of the potential has changed but the difference is the same.
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@ Example

Question: Determine the voltage at the points A, B, C and D of the circuit in
figure 11.09 (a).

Solutions: Voltage at C and D is 0, voltage at A 1s 3V. To calculate the voltage at
B, current 1 of the circuit has to be determined.

I-F—- . A=10 4
TR 1427 70

So, the reduction in voltage from A to B 1s,
V=RI=10x1A=1V
So, voltage atpomt B, 3v—-1v=2v

As the voltage (potential) at all points has been found, venfy whether
Ohm's law works or not?

x
N/

8

|

|

i
Ivil

ﬂ_
=
3

{4 (bl
Figure 11.09: Two circuits composed of a battery and more than one resistor.

Question: Determine the voltages at the points A, B. C. D and E of the circuit
in figure 11.9 (b).
Solution: Voltage at D is zero

Voltage at A 15 6V

Forma-40, Physics, Class 9-10
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What may be the voltage at E, how can it be determined, many of us may be
confused about this, Actually the case is very simple. When current flows
through a resistance, the voltage changes. There is no chance of current flow in
this part BE of the circuit. It can go nowhere afier reaching [ starting from B,
So, the voltage at B and E (and any point between them) does not change, the
voltage at B remains the same at E.

To determine the voltages of B and E. the current has to be determined. If
current is I, then v 6V

1
'r_Ie"_51:1+1u:rﬂ+15;1_§‘E'1

So, voltage difference from A to B,

1
Vi=Ril =5QXzA=1V

So, the voltage at A is 6V and 1V less at B so, the voltage at B is,
V=V, =6V—=1V=5V
As the voltage of point B is 5 V, then the voltage of point E is also 5 V. Similarly,

1
Vy =Ryl =10Qxz A =2V

The voltage at C is 2 V less than voltage of point B. So, voltage of point C is,
SV-2V=3V

We have said earlier that the voltage of point D 18 zero. This can also be verified.
The voltage of point D is less than point C by V.,

1
V3=R31=15£'l><§ﬁ=3‘u’

So, voltage of point A B €

D =3V- 3V = 0. as mentioned H : :

earlier. 2Vt -.l- _— l§ A= 60
af}———

Question: Determine the value of = . .

Il and 12 in the circuit shown in Figure 11.10: A eircuit where two

figure 11.10. resistors are connected in parallel.

Solution: Voltage at points A, B and C is 2V.
Voltage at points D, E, F is 0 volt, So. the current through the resistor BE,
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The current through resistor CL,

Total current,

2 1
lr=fj_+.lr2=§ ﬁ+§ﬂ=14&\

11.2.4 Equivalent Resistance: Series Circuit

If'there is more than ene resistance in a cirenit, we will see how these resistances
can be considered as a single equivalent

resistance. In figure 11.11 there are two A Ry 8
resistances in the circuit, as C 15 connected to VVYV '

the ground so it’s potential 1s zero and

the potential of A is V. We don't know the Y = ' § Ra
potential of B, but we know that the same

amount of electric current [ flows through R,

and R, L

To keep it simple, we can say, the sum of two =
resistances is the total resistance R and the
current will be I'= V7R ), but let us prove this
rather than writing it.

Let us assume the potential at point B is V
then for the first resistance R, we can write:

Figure 11.11: Two resistances
connected one aller another i a
eireul.

f:V"VE
Ry

Again we can write for the second resistance R :

_Ve—0 Vg
"R "R
Therefore,
[V =Ve Vs

R, Ry
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(V —Vg)Ry = VgR,
FB{RI + Rz) - VRE
Ry

Therefore, = v
Ve Ry +R;
VeV

"R, R,+R.

We can imagine resistances R, and R, as a single resistance R. where

=T

— —
_— —_—
- -

Figure 11.12: Many successive resistances or resistors connected In
a eircudt can be imagined as an equivalent resistance or resistol

Il there were more than two resistances (figure 11.12) then also we would be able
to show that these resistances can be combined as a single resistance R which
will be the sum of all those resistances. This is called the equivalent resistance.
This means when a circuit will have R, R, R, ... resistances successively (series
cireuit) then the equivalent resistance will be:

R = R:L + Rg + H3+1..+R“

11.2.5 Equivalent resistance: Parallel circuit

Now we will place the resistances in parallel instead of one afier another (Figure
11.13). In this eircuit we have named different points as A, B, C, D, E and
F. We can understand from the figure that points D, E and F are connected to the
ground and so their potentials are zero. So the potential of points A, B, and C is
V.
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Current / [lows from the battery

cell. This current goes to point B and

splits into two parts / and [ and

flows through the resistances &, and

R, respectively, then at point E the h 2

currents converge into [ and go back l R l Ra

to the battery as /. We have already

gaid that the current comes from the e

battery and flows through the circuit F
= = E D

and then goes back to the batterv. No =

electric current cam be created or

destroyed except this in a circuit. So Figure 11.13: Two parallel resistances are

shown in & cireuit.

|—

=
!
{

1=t +1
MNow we can find 1 and 4

=R TR R
Ve—=Vp V=0 V¥
II= — = —
Ry Ry Ry
Therefore,
.-—1+f—y+-v—v(1+l)
TN TR TR, R Ry

So in this case also, we can define an equivalent resistance R, where

¥ I B g
5 FRETE

il
|
>
AWA—
AMA—
7
i
i

L =

1|||

il

Figure 11.14: Many parallel resistances or resistors can be imagmed as a single
equivalent resistance or resistor.
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It the resistances are more than two (Fig. 11.14) then the equivatent resistance
R will be

11.3 Electric Power

When discussing potential, we saw that if a charge is moved by applying
a potential then some work is done or some energy is lost. So if’ V' potential is
applied to move a charge © in a circuit then the amount of work done (or the

applied energy) is W =V0Q joule
Power P is the capacity of work done per second, so if O charge is moved in ¢
time then W v

P = - TQ = ¥l Watt

If we use this on a single resistance R, then applying Ohm’s law we can write.

since V=gl
P=I°R
or V
=%
therefore, Vi 2
P=() r=%

If electricity flows through a resistance for time ¢, then Pt energy is supplied there.
Where does this energy go? When you use a resistance in a circuit and if you
pass enough electricity through this resistance, then you will notice that it
always gets hot. That means the electrical energy evolves as heat energy.

The use of bulbs with filaments are getting scarce, because the filament has to be
heated to create light with this. A big part of the electric energy 1s used to heat up
the filament, and energy is wasted. It we touch these bulbs with our hand we can
feel how much heat energy is created, and this energy 18 created as PR or FA/R 1n
every second.

This is not the only place where the electrical energy is used to create heat
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energy. It provides energy for the fan, fridge, television, computer, charger
and different types of equipment for dilferent purposes. We can [ind out how
much electrical energy is consumed per second in electrical appliances very easily
trom V1. Every house has an electric meters. It contmuously measures potential
( Fy and what amount of current 1s flowing (f). From there 1l can determine how
much electrical energy (P=V/) is provided in each second in the house.
Multiplying this with the total time we can find the total electrical energy spent.
The conventional umi of electrical energy spent is kilowatl-hour (KW-h). This
unit is called Board of Trade Unit (BOT) or briefly, Unit. The electric bill we pay

is calculated in this unit.

@ Example

Question: What is the resistance of the filament of a 100 W bulb?
Answer: 100W is written on a 220V bulb, as

Ve
P=—
R
Therelore,
Y2 (220)%
T Q=4840
How much current is flowing here?
f—y o2 =0454A
"R 482 T
It can be done in other ways too: P = V]
I—P—lﬂu—ﬂdﬁﬁ
W g

Question: [[ a bulb of 60 Watis is lit evervday lor 5 hours for 30 days then what
would be the electric energy usage? If each unit has a price of 10 taka, then what
will be the total cost for this electricity?
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Answer: We know, spent energy = (P x t) /1000 klowati-hour or unit
P=60W and t =5 %30 hour
Spent energy = 60 = (5 x 30)/1000 unit =9 unit
Total cost of electricity with 10 taka per unit = 9 x 10 taka = 90 taka

11.4 Electrical Supply

When current needs (o be wansmitled from one place to another in a country, il
15 transformed into a very high voltage. This is done to reduce the loss of
electricity in electrical wires. You know that, the amount of energy wasted per
second as heat energy is equal to £R | so we may conclude that there would be
no dissipation of energy as heat energy if there was no resistance R in electrical
Wires.

But that is not practically possible; everything has some resistance. That is why,
if current I can be reduced, the energy lost FR due to heat can also be reduced.
Since the amount of electrical energy supplied per second is VI, if the
potential is increased by 10 times, it is possible to supply the same energy using
10 times less current. I 10 times less current 1s supplied, 100 times less heat
energy will be dissipated. This is because the resistance R of the wire is the same
in both cases.

Now you may think that the loss of heat energy can also be written as /R and
in that case the heat energy loss will be 100 times due to 10 times increase of
voltage. It is to be remembered that when we found the energy loss per second
as V4R, we then saw ¥ was the potential diflerence between the two sides of the
resistance. The V which we are discussing here is not the potential difference
between the two sides of the wire. It is the value of potential of the electric wire!
The value of the potential on two sides of the electrical wire is almost equal. So
the difference 1 negligible.

11.4.1 System Loss of Electricity

We know that the power plants situated at different parts of the country produce
electricity. This electricity is to be transmitted to ditferent of the country. To
distribute electricity, first it 18 transmitted to the substations of different areas.
The electrical energy is then distributed to consumers using electricity
distribution systems.
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The conducting wires that are used to carry electricity from one place to other
have at least some mimimum resistance. When current (/) flows through a
resistance (R), heat (#R) is generated and this is loss of electrical energy. This
loss is called system loss. We have already discussed that if electricity is
supplied at high voltage then for a definite electrical energy, loss is reduced
because of resistive heat energy. That is why electricity produced in the power
plants is transformed into high voltage using step up transformers. Before
distributing the elecirical energy for customer use, the electrical supply is again
brought down to a suitable voltage using a step down transformer.

11.4.2 Load Shedding

Each power plant produces a definite amount of electric energyv and electricity
produced in all power stations is added to the national grid. We have discussed
earlier that electricity is distributed to consumers from local substations. The
national grid supplies electricity as per the needs of different areas. If the
demand of electricity in an area is more than the electricity produced, then
naturally the required electricity cannot be supplied in that area. Then the
substations are forced 10 keep electricily supply ofl in one area to be able to
supply electricity to another area. This process is called load shedding. When the
substation gets the required electricity supply again, it distributes electricity to
that area again.

It load shedding is to be done for several hours at a stretch, to make load
shedding tolerable. the authority load sheds in a rotation, in different areas at
different times.

11.5 Safe Use of Electricity

We cannot think of a moment without electricity. Eleciricity brings light to our
house, keeps us cool in the summer by using fans. We watch television and use
computers using electricity. Electricity runs fridges that preserve food. We use
it to iron clothes. When the charge of mobiles gets low, we use electricity to
charge the battery. Rich people use AC in their houses, washing machines fo
wash clothes, and electric heaters to cook. They prepare warm meals by heating
USINg MICTOWAVE OVEns.

We can go on telling all day about the uses of electricity in our houses. schools,
colleges, felds, farms, industries and hospitals etc. In our country, generally
220V (AC) electricity is supplied. which can give electric shock to people and
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may even cause death from those shocks. That is why all electrical appliances
are made in such a way that no one comes in direct contact with those things.
IT electricity passes directly through the heart then only 10 mA of current can
cause death. The electricity we use for different purposes is AC. The resistance
of dry skin of human beings is around 100,000 £ which decreases by a thousand
tires when

it gets wet. So from Ohm’s law we can show that the 220 V electricity of our
country can easily produce fatal current flows. A person with a wet feet standing
on a wet floor has the worst possible condition of getting an electric shock.

When a person is electrocuted. he can’t move hands and legs because of the
current flowing through his body. As a result, in spite of having the sense to
move away from the dangerous condition, he or she won’t be able to do it.

The electricity we use can be dangerous, but if we follow some general
precautions we can salely use electricity, and millions of people around the
world are doing so. We should know the following for safe use of electricity:

(a) Electrically insulated cover: Open wire carrying electricity is dangerous,
s0 it is always covered with plastic or another insulator. If short circuit occurs for
any reason L.e. positive and negative wires touches withoul any resistance then,
according to Ohm’s law, a large amount of current flows, the wire become
heated, the plastic burns and can even cause lire. So it should be taken care that
insulating layer remains unaltered and intact.

(b) Better Connection: The electrical connections should be made correctly
where electrical equipment tun using huge amount of electricity. Il the
connections are not properly done. exira resistance is produced and according to
R, it may be heated, may burn the insulating layer, and can damage the
elecirical connection.

(¢) Humidity: Water is conductor of electricity, so if water enters any circuit, it
may be dangerous due to short circuil. A hair dner or electric iron is very
dangerous o use near water, because if' it falls suddenly in the water and anyone
touches it, an accident may occur by electrocuting the person,

(d) Circuit breaker and fuse: Major accidents of electrieity occur when a
large amount of current flows suddenly due to some defects. To stop sudden
large flows, circuit breakers or fuses are used. A circuit breaker is made in such
a way that if a large amount of current flows (more than the safer level), 1t breaks
the circuitl. A fuse 1s a comparatively simple method; the amount of ¢urrent that
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flows through equipment is passed through a thin wire before entering the
equipment. The thin wire (where the resistance is more, so I°R is more i.e. more
heat) of the fuse becomes heated and burnt. and stops the supply of electricity if
for any reason excess current tries to flow.

(e)Flow less connection: There are always two wires in an electric supply line.

live
& Bauree of
electty

neutral neutral
Figure 11.15: Wrong and correct connection of switch.

When a machine is used, then starting from the live wire the electricity passes
through the machine and then returns to the source through the neutral
wire. A voltage less neutral wire is safe. but a high voltage wire should be used
cautiously. When a switch 1s used to connect electrieity (o a machine. it can be
connected with a igh voltage wire or a neutral wire. It 1s wise lo connect the
switch with the high voliage wire (Figure 11.15). Then high voltage enters the
machine only when the switch is on. When the switch is off, there is no high
voltage inside the machine.

(1) Ground: You may have noticed that there are at least two connections in an
electric supply in school or at home, high voltage and neutral, But if an
expensive machine (e.g. computer, fridge) is connected to the current, vou will
see that besides high potential and neutral. there is another third connection,
which is the ground. Generally this is connected to the body or cover of the
machine. If the machine is electrified accidentally, then current directly flows
from the cover or body to ground. A fuse burns due to this flow of electricity and
makes the machine safe. So, if anyone accidentally touches it, he is not
electrocuted.
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Figure 11.16; Dangerous sctivities with eleciricity.

@ Do Yourself

[Make a list of the dangerous activities done with electricity in Figure 11.16. ]

11.6 Design of Circuit in Residence

What a circuit should be like for supplying electricity in a household is shown
in Figure 11.17. Electricity is supplied at home from a power station through a
supply cable. Between them, one is live; another is neutral. The live line has high
voltage, the neutral has zero voltage. The live line is marked red and the neutral
line is marked blue in the figure. It first passes through an eleciric meter. This
meter records how much electricity 15 consumed. Afier the meter, it is supplied
through a consumer unit.

Three circuit breaker or fuse of 5A, 15A and 30A 1s shown in Figure 11.17.
These three circuit breakers are comnected to the main switch. The eleciric
supply of the whele house can be cut off using the main switch.
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In the figure, current is supplied to the lights and fan from the 3A circuit breaker.
15A 1s connected with cooking burner. 30A circuit breaker is connected to the
plug points of the house. We have certainly noticed that this part is like a ring
which means flow of current can be through two different paths. In this part the
ground is shown differently (green color).

—_— NETRAL CONSUMER UNIT
— u%

————  GROUND Esal }fqﬁ: .‘]“ .].aun DL’M ﬁi{:.
o

@ ] s
Colsle __T COokeT
| @
L]
L

Figure 11.17: Possible circuit for supplying electricity to & house.

Do Yourself

I',ri.?i.l'b.at steps should be taken to minimize the dissipation of ¢=.-1t‘e.w::tri*::it}.l?‘%'ﬁ
Describe these in a nice poster.

To create awareness among all with the posters, make arrangements to

display them.
- /
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@ Do Yourself

f/_[}hjecﬁve: Students will be able to analyze the electric eircuit designﬁ\
suitable for use in residence.
Working procedure: A probable ciremit for supply of electricity in
residence is shown in Figure 11.17. Make a new circuit by doing the
following changes in this circuit.
(a) Add two more plug points since three plug points are not enough.
(b) Add a water pump with an appropriate circuit breaker which uses
electricity.
(¢) Add a second light using two swilches in such a way that the light can
be turned on or off by using any of the switches along with the light
and fan.

\. J

@ Exercise

General questions

1. Is it possible to use a capacitor as a battery?

2. Why is it difficult to make an experiment to see if the filament of a filament
light bulb is following Ohm’s law or not?

3. Electric current is the {low of electrons. When electricity {lows the speed of
electrons 18 comparatively low. But

electricity flows instantly-how?

4. For equal potential difference,

will a high resistance produce more ——
heat or a low resistance produce _ 'l |' 195
more heat? —a  1m {-—
5. It 1s not seen that a crow or a bird

! a ric ca it a bi - . -
dies on an electric cable, bt big Figure 11.18: Two square registors of | m?

hat often dies why?

: . and 100 cm? .
fi. What is electric current? |
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7. What are directions of the conventional current flow and electron flow?

8. What are conductor, 1nsulator and semiconductor materials?

9. State Ohm's law.

10. Show that, F=IR using Ohm’s Law.

11. Plot a graph of f versus I” on a graph paper lor an Ohmic substance.

12. Define specific resistance.

13. Show that, the value of the equivalent resistance of resistors connected in
series 15 equal to the sum of the different resistances included in the
combination.

14. What are the causes of using electrical energy that can be dangerous?

15. A current of 2.5 A is flowing through the filament of the headlight of a motor
car. If the potential difference between the two ends of the filament is 12 V, what
is the resistance?

16. The electromotive force of a dry cell is 1.5 V. What is the energy spent by the
cell in driving 0.5 C of charge round the circuit?

17. What are fixed and variable resistors?

18. What do you understand by electromotive force and potential difference?

Mathematical questions

1. Make a 2 Q resistor using infinite number of 1 £2 resistor.

2. Using nichrome sheet of 1 mum thickness, your [riend has made a resistor of
10 em * 10 cm square (Figure 11.18). You have made a resistor of 1m %1m
square. What is the value of the resistance made by your friend? What is the
value of your resistance?

A= 203

A i
, e . AN
A
P 1)
By == D glr-lﬂ O £ g'"m

Bes 1)

B ——ANA———

- L

(R = ‘i_r
(a) (b)

Figurell.19: Two cirenits formed by bartery cell and resistors
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3. Tf the point D of the circuit shown in Figure 11.19 (a) is connected with the
earth, what are the voltages at the points A, B. C and D? What is the value of 1?7

4. If instead of point D, the pomnt C is connected with the earth of the circuit
shown in Figure 11.19 (a), then what is the voltage? What is the magnitude of I?

5. If the point D of the circuit shown in Figure 11.19 (b) is connected with the
earth. what are the vollages at the points A, B, C and D?

%% Multiple choice questions

Put the tick [‘w" ) mark on the correct answer
1. What are the materials through which electric current can flow very easily?
(a) insulator (b) bad conductor
(¢) semiconductor (d) conductor
2. 1If three resistances of values 20 , 3Q and 4Q are connected in series. then
what will be the equivalent resistance?
(a) 80 70
(c) 90 (d) 200
3. The potential difference between the two terminals of a conductor is 100 V. If
the amount of current flowing through it is 10 A, what wall its resistance be?

(a) 1000 (b1 0.1 O
{c) 1O Q2 (d) none of them
4. The electrical condition of a circuit is measured by-
i Voltmeter
11. Ammeter

iii.  Geperator

Which one i3 correct?
(a) 1and (b) 1 and 1ii
(c) ii and 1ii (d) i, 11 and 11
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Creative questions

1. The length and cross-sectional area of a nichrome wire used in an electrical
heater, 13 20 cm and 2 * 107 m? respectively. The resistivity of nichrome is
100 > 10% @ m. The nichrome wire is replaced by a copper wire of identical
length and cross-sectional area. The resistivity of copperis 1.7 x 10F 0 m.

(a) Whart is resistance?

(b) Why does the resistance of conductor increase with increasing

temperature?
(¢) Determine the resistance of the copper wire.
(d) Analyze the logic of using copper wire.

2. Alvi uses a bulb of 220V-100W during his studies for 3 hours daily. His
brother Alif uses a table lamp of 220V-40W for 4 hours daily. The cost of each
unit of electrical energy is 3.5 taka.
(a) Write down Ohm'’s law
{b) Explain, what will be the change in resistance of a conductor if the
length is increased by 5 times (provided that the temperature, material
and area of cross-section remain unchanged)?
(¢) Determine the current of the lamp used by ALf
(d) Who is more economical, Alvi or Alif (considering money)? Analyze
with mathematical arguments.

3. The potential difference of an electric supply line in our country is 220 V.
The resistance of the filament of an electric bulb is 484 1 . 220 V- 100 W is
marked on the bulb.
{a) Define ampere.
(b) What does it mean to say that the electromotive force of a dry cell is
1.5V?
(c) It the bulb is connected with the supply ling, what will be the glectric
current?
{d) Propose an experiment to verify 220 V-100 W marked on the bulb.
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Chapter Twelve
Magnetic Effects of Current

The Cluldren are makime electromagnet in the largest practical class of the world arranged

m Kuliarchur
All of us were charmed at one point of our life when observing the attraction or
repulsion of magnet. Though magnetisma and electric current seems to be
completely different topics, these are two different forms of the same energy, that
will be discussed in this chapter. We will see that as electric current can produce
a magnetic field, similarly a varying magnetic field can also produce an electric
current.
In this chapter along with the magnetic effects of current, we will discuss how
different instruments can be made and can be used by using magnets and
electricity.
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@ By the end of this chapter we will be able to-

explain the magnetic effects of eleciric current.

explain electromagnetic induction,

explain induced current and induced electric power.

explain the main principles of motors and generators,
explain the main principles of translormers.

explain the functions of step-up and step-down transformers.

understand the varions uses and contributions of current in our life.
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12.1: Magnet

All of you have seen a magnet. If a magnet is brought close to iron like materials,
then it attracts the iron. There 13 nothing visible between the magnet and iron but
an invisible force is pulling it. When observing that for the first time, one kind
of surprise is developed in all.

Those of you who have played the magnets must have noticed (Figure 12.01)
that there are two poles of a magnet. The similar poles repel. while the dissimilar
poles attract each other.

Figure 12.01: Dissimilar poles of a magnet attract, and similar poles repel.

The poles are generally named the north and south poles.

I a bar magnet is suspended freely, it always points towards the north-south
direction.

The pole which directs fowards the north direction is called the north pole, and
the pole which directs lowards the south is called the south pole. This occurs due
to the fact that the earth itself has a magnetic field; when a magnet is suspended:
the magnet aligns itself along that field.

We can discuss how two magnets attract one another. But first we have to know
from where the force of a magnel comes.

12.2: Magnetic Effects of Current

Those of you who have handled magnets cannot imagine that it is not diflerent
from electricity, and a magnet can be made by electricity or flow of charges!
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When a charge is kept in a place, an electric field is produced around it, Similarly,
if electric current flows through a wire, a magnetic field will be is ereated around
it.

Let us assume that a wire penetrates through the middle of a cardboard
and some small compasses are placed on the cardboard around the wire. The
compasses will be aligned along north-south direction. Now 1if a current
(moderately strong) passes through the wire, you will surprisingly notice that
suddenly the compasses are arranging themselves one afler another. You will get
an impression that a circular magnetic field around the wire has been generated
due to the electric current.

Figure 12.02: Directions of the compasses around elecinic current

Now, if the current is stopped, then again the compasses align along the
north-south direction. If the direction of current 1s changed, vou will find that the
compasses will arrange themselves again, but now the direction of the
compasses in the circle will be reversed. This is because the current always
produces a magnetic field around it in a definite direction,

If current flows through a conducting wire, then the direction of the magnetic
lines of force produced due to this can be obtained from the right hand rule. If
the thumb mdicates the direction of current, then the other [ingers will indicate
the direction of the magnetic field ( Figure 12.03).
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Flow of eurrent | Ek

( Flow of current

-_-l"“'q...\_h-

Figure 12.03: The magnetic field sround the electric
current, Magnetic field has no beginming or ending.

@ Example:

Question: Figure 12.04
shows that current 1s flowing
upwards from 1nside the

book. Which of the magnetic
tields is correct” e e
Answer: The left figure is

correct.

12.2.1: Solenoid
If a wire is straight and Figure:12.04: Magnetie field around the

current passes through it, then CAPELE CONyIRG WD

the nature of the magnetic lines of force was shown in Figure 12.03. How will it
be the magnetic lines of force if the wire is circular instead of being straight?
This is shown in Figure 12.05. You are able to understand that the more the
current, the stronger the magnetic field is. There is a limit to how much current
can be pass through a wire, since the wire is heated as IFR. Moreover, the
maximum amount of current that can pass through a wire depends on the source
of electricity. Therefore if we want to produce a sirong magnetic field, then
instead of making a single loop, a coil 15 made by a insulated wire, winding it
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several times, This coil is called a solenoid. A strong magnetic field can be
generated by that coil. Every loop of the coil will create a magnetic field due to
the electric current flowing through it. So the combined magnetic feld is
stronger.

Current

Magnetic field

Figure 12.05: Magnetic field produced Figure 12.06: Direction of the magnetic
due (o curren! flowing through a loop. field (applying right hand rule) due (o
the current through a loop.
If current flows through a circular coil, then the direction of its magnetic field
can also be found with the help of the right hand rule. The thumb indicates the
direction of the magnetic field, while the other fingers show the direction of the
current (Figure 12.06). A coil of wire or a solenoid behaves like a bar magnel,
and the direction of the thumb will be the north pole of this magnet.

12.2.2: Flectromagnet

A more powerful magnetic field can be created if a piece of iron is inserted
inside a solenoid than the magneiic field that can be produced by using eurrent
only. The three metals iron, cobalt and nickel have special magnetic properties.
These metallic pieces can be considered as an accumulation of individual tiny
magnets, which generally don’t act as a magnert as they are aligned in different
directions. These substances consist of an enormous number of small
magnets that are randomly oriented. Since the small magnets are randomly
oriented, the piece of iron does not act as a magnet.

But when this piece is kept mside a solenoid or a coil. and if current is passed
through the solenoid, then the magnetic field produced by that current aligns the
mdividual tiny magnets.
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Figurel2.07: Strong magnetic field
is produced when randomly orieated
small magnets pel aligoned doe 1w
flow of current.

12.2.3

Physics
Therefore, the magnetic field produced by
the current and the magnetic field
produced by the iron piece itself combine
to produce a strong magnetic field (Figure
12.07). The interesting point is, as the
current is stopped, the small magnets
present within the iron piece become
randomly oriented again, and the entire
magnetic [ield will disappear.
A magnet prepared by this process
18 called an elecromagnet. Uses of
electromagnets are endless, Such as in the
sound we hear in speakers and earphones
(Figure 12.08).
Here. according to the vibration and
mtensity of sound, current is sent. That
current produces an electromagnel
according to the vibration and intensity of
the sound. This electromagnet vibrates a
diaphragm and produce the sound.

: Effect of Magnet on a Current Carrying Wire

We know that the opposite poles of two magnets attract each other and the

similar poles repel. We also know
that a current carrving wire
generates a magnetic field around it.
If we place a wire in a magnetic field
and current is allowed to flow
through this wire, then due to the
creation of magnetic field by the
current, it will experience a force. In

Figure 12.09, magnetic lines of

force from the north pole of a
magnet to the south pole, and a
current  carrymng  wire  placed
between the poley is shown. The
wire comes oul perpendicularly
from inside the paper.

permsnent
magnent
electromagnet

diaphragm

\

LALRA RN

Fig:12.08: Electromagnet is used in

speaker
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If current flows through the wire (from bottom to up) that current will create a
circular magnetic field around it and thus reartange the magnetic lines of force,
by combining with the magnetic field that goes from the norih pole to the south
pole. At the bottom of the wire the lines of forces will be more and at the top of
the wire the lines of forces will be less, which will push the wire in upward
direction.

If the direction of current through the wire 1s reversed. then the direction of the
circular magnetic field will also be reversed. Then the densily of the lines of
force at the top of the wire will be more and hence push the wire downward.

LAT E AL R @

Figure 12.09: A current carrying wire placed m a magnetic feld experiences
=
aree.

12.2.4 D.C Motor

You know that a magnet can be used to apply force on another magnet. In other
words, we can say a magnetic field can be used to apply force on another
magnetic field. Since a wire cannot carry very much current, it cannot produce a
strong magnetic field. That 18 why with the help of another magnetic field a
strong lorce cannot be applied on it. You have seen that if a coil of wire is made
winding many times and a piece of iron or armature is inserted into it, then by
passing a little amount of current through the wire, the coil becomes a strong
electromagnet that can create a very strong magnetic field. If we imagine the coil
is to be a bar magnet, and keep it in another magnetic field, then we can analyze
what kind of attractive or repulsive force it feels and also the direction ol motion
due to it, In Figure 12.10, an electromagnet of this type is placed in another
magnetic field, and how it changes its position due to the repulsive force is
shown. If the electromagnet is allowed to rotate about an axis, passing through
its center, then il will try to go to a position like in the next figure.
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If we can make such a condition that as soon as the electromagnet reaches the
next position, the current passing through the electromagnet is changed, then
just after reaching there, the bar magnet made of coil alternates its polarities,

—— - o —— —— = e ——
N [TI]S N s N[=|'s' N 5
—— | | i : I

Figure 12.10: In an electric motor current is passed through an electromagnet
i such a way that it can rotate always.

1L.e. its north pole becomes the south pole and the south pole becomes north pole.
So due to repulsion, it will trv 1o move again. 1.e. it will experience 4 rotational
force. It will try to reach the next stable position, but just after reaching there if
the direction of the current is again changed, it will not stop there. Rather, 1t will
continue its rotation. That's why, when 1t reaches one stable position, if current

mn it flows mn such a way that it

experiences a rotational force due to Q
repulsion, then it will continue to
rotate.

In order to change the direction of
current, we have to use a mechanical N m\“\\ S
technique with the help of a simple
device called a commutator. The two
wires of the electromagnet are placed
on two sides of the rotating axis
around which the main coil rotates in
such a way that it fouches two
terminals of the main electric current I
at the commutator. When the 'I
terminals touch i, then it will flow the
current in such a way that it tries to
move away the electromagnet always
by repulsion. When it moves awayv from the terminals of the main current, no
current flows in the electromagnet, then it continues its rotation due to inertia of
maotion.

Figure 12.11: An electric moter.
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For your understanding, it is presented in a easy way (Figure 12.11). In a
practical motor, there may be many coils around the armature and each coil gets
current from the commutator and the armature continues its rotation,

12.3 Electromagnetic Induction

We see a lot of machines that rotates around us, it may seem to us that this is the
magnet and the biggest contribution of the magnetic field! Actually the biggest
contribution of magnets and magnetic fields 1s electromagnetic induction, that
is, the production ol electricity with the help of magnetic fields.

Secientist Oersted first showed that if the magnetic field is changed through a
conducting loop, then an electromotive force is developed within the loop,
which can flow current through the loop. This property is used to build an
electric generator, where by changing the magnetic field through a conducting
loop, generates eleetricity.

[f the two ends of a coil ate connected
with an ammeter and a bar magnet is
inserted in it, then at the time of
inserting the magnet we will see a
sudden flow of ciurent in the ammeter
(Figure 12.11). When we will pull il
out, again we will see a sudden flow
of current in the ammeter, but now in
the opposite direction. If we change
the pole of the magnet, then we will
see the change of direction of current
in the ammeter also! During the time
of changing the magnetic field in a Figure 12.12: When a magnet enters
coil of wire, the generation of voltage o a solenoid current is produced in it.
and current in the coil is called elec-

tromagnetic induction. This voltage is called induced voltage, and the current is
called induced current,

-




340 Physies

During this experiment. to change the magnetic field in the coil, we brought the
magnet towards the coil away from it. If we could change the magnetic field in
an other way, then we would observe the same thing.

Another way of changing the magnetic field in the coil is to bring another coil
near it (instead of bringing the magnet) and producing magnetic field in the
second coil by flowing current through it. 1L a battery and a swilch are connected
with the second coil to produce magnetic field in it, then by turning the switch
‘on’, a magnetic field can be produced in the coil, again turning the switch *off”,
the magnetic field can be removed. Keeping the second coil near the first coil,
if a magnetic field is produced once in it and the magnetic field is removed
again, then the magnetic field will be changed in the first coil and due to this we
will see current in the ammeter! When current is produced by turning on the
switch, then the ammeter will show the presence of the current by deflecting its
needle 1n one direction. When the switch is turned off, the needle wall deflect in
another direction, and show the current flowing in the opposite direction.

One thing we have to remember; when the magnetic field changes, only then
does the current flow. If a strong magnet is kept inside a coil, no current will
flow through the coil. Only by moving the coil. the magnetic field 1s changed.,
then a current will flow through it.

12.3.1 Generator

When we were trying (o understand how a motor works, we saw that a current
passes through an electromagnet in a magnetic field which cause it to rotate. Let
us see the matier in another way. If instead of giving connection of a battery cell
with two terminals of an electromagnet of a motor, we connect an amimeter there
and rotate the electromagnet. What will happen then?

Of course, the magnetic field within the coil will change, so a current will flow
through the coil. That is, the electromagnet of the motor that we have rotated by
passing current through it, if we rotate that electromagnei or coil, the reverse
thing happens, electricity is generated. In this way a generator is buill.
Therefore, if we rotate the armature of a DC motor, we get DC electric current,
il AC motor 1s rotated 1t gives AC current,
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12.3.2 Transformer

Changing a magnetic field creates
current— this property is used to
prepare (ransformer. In Figure 4
12.13 a rectangular iron core Is Q -
shown to wunderstand how a 1
transformer  works. Conducting
wires have been wimnding on the
two sides of the core- of course Figure 12.13: If AC potential is applied
there are msulating covers on the in primary coil of a transformer, it
conducting wires, so that if it
touches anything metallic a short
circuit doesn’t oceur, In the figure, we see that on the left side of the core an AC
voltage source 1s connected. Since the wire 1s ¢connected by winding the iron
core, so when current will flow the core will be magnetized and the magnetic
lines of force will pass through the rectangular iron core.

Since we have connected AC voltage source. the magnetic strength inside the
core will increase or decrease and will change its direction, i.e. the magnetic field
will change continuously. On the other side of the iron core, there 1s wire winding
also (definitely covered with msulator). The magnetic field will change
continuously in that coil through the iron core, and this change will produce an
electromotive force (em{) in the coil of the right side. II' we wish, we can see i
in a voltmeter. The transfer of electricity from one coil to another coil in this
process (directly, without any electrical connection) is called transformer.

.ﬁi‘j&
TUUU]

produces polential in the secondary coil

We can do some amazing things with this transformer. Il the number of turns of
both the coils is the same, then for a definite AC voltage applied in the left side
coil, we will get the same AC voltage in the right side coil. If the number of turns
on right side is ten times of that of the left side, then the voltage becomes ten
times. If the number of turns on the right side is ten times less, then the voltage
will be ten times less. The coil on the lell side where AC voltage 1s applied is
called the primary coil and the right side coil (from where voliage is returned
back) is called the secondary coil. You may think that if it is possible to be
happened. then why don’t we arrange an enormous amount of electrical energy
by giving small numbers of turns and applying small voltage in the primary coil
and by giving much more tums in the secondary coil, and thus obtaining a much
higher voliage? We have to remember one thing: the amount of electrical energy
applied per second is measured by the formula VI (voltage * current). The
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amount of VI that is applied in the primary coil is just equal to the amount of the
VI that we pet back from the secondary coil. Therefore, if the voltage is
mcreased by ten times in the secondary coil, then the current in the secondary
coil will be reduced by ten times.

For vour understanding, a rectangular core is shown. Practical transformers are
constructed a bit differently, the secondary coil 1s winded on the primary coil
and the core is also slightly different.

If the number of turns in the primary coil is »_and that of the secondary coil is
n. if AC voltage V; is applied in the primary coil. then the AC voltage ¥ that
will be found in the secondary coil depends on number of turns.
Veoeng Vpocrn, s0, <& =Y _ constant or, Vo = (E'-) Ve

; g i Np
If 7, current flows through the primary coil, then the current [, flowing in the
secondary coilis found from conservation of elecirical power.

FF "'P
hence, Ve Ip = VsIs 30,ls= ('i}-) [p = (-—) Is
by Ty

The transformer has a greater number of turns in the secondary coil than the
primary coil and due o this, the AC voltage applied in the primary coil increases

in the secondary coil 15 called a step-up translormer. For transmission of

electricity, a step up transformer is used to increase the voltage by many times.
The transformer which has less turns in the secondary coil than the primary coil
and due to this, the AC voltage applied i the primary coil decreases in the
secondary coil. This is called a step down transformer.

@ Example

Question: The number of turns in the primary coil of a transformer is 100 and
the number of turns in the secondary coil 1s 1000. 10 ¥V DC is applied in the
primary coil. What 1s the voltage in the secondary coil?

Answer: Zero, Transformer does not work with DC voltage.

Question: The number of tumns in the primary coil of a transformer 1s 100 and
the number of turns in the secondary coil is 1000. 12 V AC 1s applied in the
primary coil. What is the voltage in the secondary coil?

2023



20235

Magnetic Effects of Current 343

Answer: Vs = (2) 1, = () x 12V = 1207 AC

p

Example: In the above transformer, if 1A current flows through the primary
coil. what 1s the maximum current that will flow through the secondary coil?

Answer: I = G—:) Ip = (ﬁ X1A=01A

® Exercise

General questions

1. If you send an electron beam from one end to the
other end of your room and see that it is going
upward, what explanation will you give?

2. While making an electromagnet, an insulated

wire is wrapped around an iron bar. Is it better to

use a single tum with a thick wire or many turns

with a thin wire? Why?

3. He_twean t‘W!] iron barsﬁ_ one is a magnet .am:l the Figure 12.14: Change of
other 18 not. Without hanging or without using any position of a magnel

mstrument, can you identify which one is iron and inside a loop.
which ong 1s magnet?

4. Earth 18 a huge magnet. Is the north pole of the earth the north pole or the
south pole of that magnet?

5. Electricity is produced by moving the magnet, it always tends to oppose the
change. Remembering this, if the magnet shown in Figure 12.14 is raised
upward, then in which direction will current flow in the loop?
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6. What is magnetic effect of electric current?

7. What is an electromagnet?

8. What is a generator? What are the functions of generator?

9. What is the difference between a generator and electric motor?

10, What arc the functions or activities of step up and step down transformers?
11. How can the intensity of electromagnet be increased?

12. A transformer is connected with a 240 V AC source. The number of turns of
its primary and secondary coil are 1000 and 50 respectively. What is the voltage
of its secondary coil?

Mathematical questions

1. Due to the flow of I amount of current through a coil having 10 turns made of
an insulated wire, a magnetic field B is produced. What will be the magnetic
field if the number of turns 1s 1007

2. In the above case. to increase the number of tums by 50 more, if by
mistake 50 turns are given in the reverse direcuon, what will be the magnetic

Figure 12.15: Magnelic field around a current carrying wire

3. By observing the Figure 12.15, in which direction is the current flowing in
each wire?

4. The number of turns in the primary coil of a transformer is 100, here by
applying 15 V AC in the primary, 150 V AC is obtained in the secondary coil.
What is the number of turns in the secondary coil?

iy
=
4y
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éﬁ% Muitiple choice questions

Put a tick mark {M"] beside the correct answer
1. What will happen to the magnetic field if electric current flows through a
solenoid made by insulated wire wound over a cylinder?

a) Will be condensed and weak

b) Will be condensed and strong

¢) Will be less condensed and weak

d) Will be less condensed but strong

2. In which of the following functions is, electromagnetic induction used?
(a) Transistor
(b) Motor
(c) Amplifier
(d) Translormer

3. In which of the following process is. electromotive force produced-
i) If any magnet is kept motionless in a wire coil
i1) If any wire coil is rotated in a magnetic field
1) If any magnet is rotated around a molionless wire coil
Which one is correct of the following?
(a) i (b)ii (c)iand ii (d) 1i and iii

A bar magnet is moving to and fro through a coil of wire. As a result, voltage is
induced in the coil. The induced voliage depends on some factors. Now,
answer questions number 4 and 3.

4. In caseg of electromagnetic induction, the induced voltage depends on which
of the following?

(1) Intensity of the magnetic field

(11) Resistance of the coil moving in the magnetic {ield

(1ii) Speed of the coil moving in the magnetic field.
Which one of the tollowing is correct?

(a) i (b)i1 (c)iandii (d) 1i and 1ii

Forma-44, Physics, Class 9-10
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5. What will happen to the induced electric current, if the number of turns of
the coil is increased?

a) The electric current will be reduced

b) The electric current will be increased

¢) The magnitude of electric current will be zero

d) The magnitude of electric current will be negative

Creative questions

I. Answer the following gquestion
based on the diagram:

(a) What 1s the name of the

object marked A7 240V : -

(b) Explain the principle on
which this machine has ' @

been made. (

(¢) Calculate the electric M5 | ; oA
current in the primary coil
of this device.

(d) Explain the function of
this device mathematically
on the basis of data.

(a¥afalalala

ygep g Riggy f

2. A siraight long wire is passed through a large piece of paper perpendicularly
and connecting a 1.5 Volt pencil bartery with it, current is flown through the
wire and some iron dust is spread on the paper.
(a) What is the magnetic effect of current?
(b) How will the iron dust get arranged on the paper?
(¢) What changes are to be made to the structure of the wire to increase
the intensity of the induced magnetic field? Elaborate.
(d) Analyse the phenomenon that will happen if the wire is wrapped
around an iron nail and if one end of the iron nail is taken near to the
iron dust?
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Chapter Thirteen
Radioactivity and Electronics

Radioactivity is one of the new topics that have flourished after the emergence
of modemn physics at the beginming of twentieth century. Radio activity is
deseribed in this chapter.

Electronics is the main drive of our present civilization- this statement is not
exaggerated at all. The contribution of physics behind the present electronics has
been discussed in this chapter, and the mstruments that have changed our lives
completelv have been introduced .
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@ By the end of this chapter we will be able to-

e  explain radioactivity,

. explain the characteristics of alpha, beta and gamma rays.
. describe the sequential development of electronics.

° differentiate between analogue and digital electronics.

. explain semiconductors and integrated circuils.

2025



2025

Radioactivity and Electronics 349

13.1 Radioactivity

We all kmow, there 1s a nucleus at the center of an atom, and there are protons and
neutrons in the nucleus. The number of revolving electrons around the nucleus
is equal to the number of protons in it. The radius of the nucleus is about one
lakh times smaller than the radius of the atom. But the actual mass of the atom is
the mass of its nucleus even thuugh its size 1s small, because the mass of the
electron is 1836 times less than that of the proton or neutron.

A proton is positively charged, so the nucleus cannot be formed only with
protons because the protons will be thrown off due to strong repulsion force. So
there is charge-less neutrons with protons in the nucleus, and nuclel become
stable due to very strong nuclear force between neutrons and protons. Though
there is only one proton at the center of a normal hydrogen atom, there are also
hydrogen nuclei with one or two neutrons.

With the increase ol the number of protons, to keep this nucleus stable, the
number ol neutrons also mereases. Bul when the proton number exceeds 82,

the nucleus starls to become unstable. But, no stable isotope is found for
Technetium (43) and Promethium (61).These unstable nuclei try to become stable
by emitiing a kind of radiation. We call this process radioactivity. The radiation
that comes out from the nucleus is called a radioactive ray.

It is not the fact that when proton pumber exceeds 82 {atomic npumber more than 82)
only then the nucleus becomes radioactive. Any nucleus of other atoms may be
radicactive too. We have classified atoms on the basis of their electron number
which is equal to the number of protons. External properties, nature, chemical
properties; every f[eature of an element depends on the classification of
electrons. So the number of neutrons of an atom can be different even if the
number of electrons and protons is equal. These types of elements, with different
numbers of neutrons, are called isotopes of that element. So, an isotope of an
element may be stable, but another 1sotope of that element may be unstable or
radioactive. For example, we can say that element carbon in whose nucleus there
are six protons and its three isotopes are:
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Cya: 6 protons and 6 neutrons
Cp ¢ 6 protons and 7 neutrons

Cis @ 6 protons and 8 neutrons

Among these three 1sotopes, C , is unstable or radioactive.

In 1896, Henry Becquerel discovered the existence of radioactive rays from
Uranium for the first time. Later on, Ernest Rutherford, Pierre Curie, Mane
Curie and other scieniists discovered radioactivity of other elements. Since
radioactivity it is not influenced by external pressure, heat, electric or magnetic
field. and cannot be controlled, it is accepted as a nuclear phenomenon, Due to
radioactivity, radioactive rays emerge and this changes the structure of the
nucleus and turn i into a different element, this is also observed.

The main three radioactive rays that emit from the nucleus are alpha, beta and
gamma rays (Figure 13.01).

13.1.1 Alpha ray

Alpha ray or alpha particle is actually a helium nucleus. A helium nucleus
contains two protons and two neutrons, so it 1s a charged particle. So its path of
motion can be influenced by electric and magnetic field. When an alpha particle
emits from a nucleus, 1t possesses some MeV of energy, so when it passes
through air and collides with the molecule -atoms it can 1onize them intensively.
In air, the path of motion of an alpha particle 1s straight. Since an alpha particle
is a helium nucleus, it cannot travel far through air. It loses its energy by
ionizing air molecule-atoms ans travels approximarely 6 cm through air before
stopping. An alpha particle can be stopped by using a sheet of paper. It creates
phosphorescence on zinc sulfide screen. An alpha particle creates many free
electrons by ilonizing molecule-atoms of air in 1ts path of mouon. Its presence
can be detected or 1ts energy can be measured easily by collecting these free
electrons.

When a alpha particle comes out from a larger radicactive nucleus then this
nucleus’s atomiic number will be reduced by two and 1ts nucleon number will be
reduced by four, because an alpha particle consists of two protons and two
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neutrons. For example: an isotope of uranium fums into thorium by emitting an

alpha particle. N
PERE Uzss — Thyae + Hey

The atomic number of uranium is 92 and thorium is 20. It is notable that number
of electrons of an atom is not significant. Radioactive nuclei of atoms can
easily give up or receive exira electrons to and from ils surroundings.

alpha ray

beta ray

WAV

aluminium lead
(3-5 mm) (3-5 cm)

Figure 13.01: It is possible to stop un alpha particle by 8 single sheet of paper,
because it can lose its energy by too much ionizing. It 1s necessary to stop beta ray or
electrons using an aluminum sheet of a few millimeter thick. A thick lead sheet is
needed to stop gamma ray,

paper

13.1.2 Betaray

A Beta particle is actally an electron (it is of courise a matter of wonder that a
nucleus 1s consists of neutrons and protons only, so how does an electron come
out from a nucleus?) For this, inside the mucleus a neutron has to dissociate into
a proton and an electron.

nt -2 prire 4 ¥

That is, a charge-less neutron is converted into a positively charged proton and a
negatively charged electron, so the total amount of charge remains unchanged.
In the right side of the equation, ( ¥) indicates the anti particle of a neutrino
(anti-neutrino), a mysterious particle of the world of physics. which is
chargeless and its mass is very small.
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When an alpha particle 1s emitted from a nucleus, il comes out with a definite
amount of energy. But in the case of a beta particle, this is not true. The energy
of the beta particle depends on the part of the total energy radiation received by
the anti-neutrno.

Since a beta particle 18 negatively charged electron, it can be influenced by
electric and magnetic field. When it passes through matter, it can ionize the
molecule-atoms of the matter due to collision with them, Since the size of a beta
particle is much smaller than that of an alpha particle (helium nucleus), its
penetrating capability 1s more than the alpha particle and it can penetrate deeper
o matter, It is possible to stop a normal beta particle by a few millimeter thick
aluminum sheet.

When radiation of beta particles occurs. a proton is increased in the nucleus by
deducting of a neutron. So the number of nucleons remains the same. As the
atomic number depends on the number of protons. the atomic number of the
nucleus increases, and hence a different nucleus of a different element is formed.
For example: radioactive C | is converied info N, due to beta radiation:

Cra — Nyg + e + 7 (anti-neutrino)

An interesting matter is that. not only the emission of electrons is beta radiation
from inside the nucleus; the emission of an anti-particle of electron (positron) is
also called beta radiation. For this reason, a proton has to be converted into
the neutron inside the nucleus:

pt = n% + g* + v (neutrino)
(This reaction cannot take place outside the nucleus. This is because the mass of
a neutron is more than that of a proton.)

In this process, the number of protons decreases by one and hence the atomic
number also decreases by one, and a nucleus of different element is formed.

Though neutrinos or anti-neutrinos are emitted during beta radiation, they are
not considered to be radioactive rays. This 1s because they are charge less and
they are so inert (or nonreactive) that even a few light years thick lead sheet
cannot stop a neutrino particle.

13.1.3 Gamma ray

A gamma ray is actually an energetic electromagnetic wave. It has no charge, but
as it 15 strong, its wavelength is very low (frequency is very high). Regardless of
the energy of the gamma ray, its velocity is equal to that of light. When a nucleus
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becomes excited by radiating alpha or beta particle then extra energy comes out
as gamma ray and the nucleus de-excites. A gamma ray is charge less and mass
less, so the atomic number or nucleon number of a nucleus does not change due
to this radiation.

Since gamma ray doesn’t have any charge. so it cannot be influenced by an
electric or magnetic field. Because il 1s charge less, it cannot directly ionize
atoms or molecules, but the electrons can ionize atoms or molecules in different
processes and from that we can understand the presence of gamma ray. To stop
gamma rays with energy equal to that of alpha and beta particles, a thick layer of
lead of several centimeters is needed.

13.1.4 Half Life

It is not possible to say the exact moment when a definite radioactive nucleus
will emit radioactive rays. Physics can only predict the probability of its
radiation. So the concept of Half Life is used to determine the amount of
radioactivity. The time in which half of the nucleus disintegrates (or radiates) is
known as half life. Therefore, the more the radioactivity of an element, the less
its half life 1s. The half life of a stable nucleus having no radioactivity can be
considered to be “infinity”.

It is necessary to know that radioactivity 1s a nuclear phenomeneon, so a nucleus
is transformed into another through radioactive emission, A different nucleus
can accept or donate one or two electrons from the surroundings fo become a
charge less atom. This is because the energy of the electrons of an atom is much
smaller than the nuclear energy of a nucleus.

@ Example

Question: The half life of a radioactive element of 1 kg 15 100 years, What will be
its mass after 200 years?

Answer: Mass does not change directly due to radioactivity. Only three fourth
of the nuclei of the radicactive element will emit radioactive particles in 200
Years.

Forma-45, Physics, Clasg 9-10
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13.1.5 Uses of Radioactivity

There are many different uses of Radioactivity. If a small amount of
radioactive sample is inserted into the body, information about the body
can be detected by observing the movement of the radioactive sample from
outside the body. Generally those radioactivity samples have a very low
half life, it may a few minutes, thus the radicactivity of the samples will be
finished within an hour.

Another important use of radioactivity is the determination of the age of
ancient fossils. In our body there is huge amount of carbon in which a
definite amount of C , is present. When an animal dies, no more C | can
enter the body further. The amount of carbon deposited before gets less due
to the half life. Thus knowing the amount of C , that would have normally
been present initially, and by calculating the amount which is decayed, age
can be determined accurately.

A radioactive element can cause harm to the cells of the body, so different
tvpes of caution are taken. Radioactivity is used to destrov harmful cells
within the body. This is why, for the treatment of cancer radioactive
elements are used to destroy cancer cells.

Radioactivity is also used to make the equipment germ free, detecting the
presence of smoke and determining the amount of different metals in
minerals.

problems i our body. When research started | l
resull, scientists were atlacked with many .
from leukemia and died. Radioactivity RADIOACTIVE

13.1.6 Cautions about Radioactivity
A high radicactive dose can cause many DANGER
about radioactivily, the scientists did not
know the bad effects of radioactivity. As a
diseases as they came close contact with
radioactivily. Due to working for a long time
with radioactive elements Marie Curie suflered
decreases 1mmunily agamnst  disease,
preventing capability of human and even MATERIAL

physical disable children are bomm inherently. Figure 13.02: Radioactive materials

We do not usually face radioactivity often are used very carefully because they

in our daily life. Due to new are very dangerous,
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technology in the world, many people have started to face the bad effects of
radioactivity. The nuclear reactions in a nuclear power plant produce serious
radioactivity. Many radioactive wastes have high half life and can remain
radioactive for lakhs of years. There are cven incidents of radioactive wastes
being spread into the surroundings due to accidents in nuclear power plants.
Many people taced radioactivity in the accident of a submarine run by nuclear
energy. The most devastating event took place in Hiroshima and
Nagasaki due to nuclear bombs. Many people were exposed to radioactivity.
So, many researchers have been started becoming concerned about radioactivity
and the determination of the safe limit of radicactivity is also started. General
people are now being warned about the effecis of radioactivity (figure 13.02).

13.2 Development of Electronics

Electronics has a greatest coniribution in the development of the modern
civilization and it 18 nol an exaggeration by any means. The gradual
development ol electronics can be divided into three parts, the vacuum tube,
transistor and integrated circuit,

13.2.1 Vacuum Tube

In 1883 Ldison observed that in a hight bulb, a current can flow through a
vacuum space from the filament to a metal plate. This process is known as the
Edison Effect. In 1904, John Flemming {on the basis of the Edison effect) first
created a vacuum tube with two electrodes, which worked as a rectifier i.e., it
converted an alternating current into a direct current. This vacuum tube is
considered as the introduction to electronics. At that time the exchange of
information was started by radio waves. Guglielmo Marconi needed such type of
vacuum tube to control of the radio waves. (It is noted that Marconi was
mentioned as the inventor of radio, but in  recent times the contribution of
Bengali scientist Jagadish Chandra Bose is also acknowledged.)

In 1906 Lee De Forest mvented another vacuum tube by adding a third
electrode, which is known by the name triode. This triode can control the flow

of electricity and used as an amplifier.

The development of vacuum tubes take place first through telegraph
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Figure 13.03 : Types of vacuum tube

communication using Morse code and then through the use of wocal
communication by telephone (Figure 13.03). During the first and second world
war, different types of specialized vacuum tubes were used in controlling weap-
ons, radar, navigation etc. In 1946 the first computer ENIAC was invented using
1800 vacuum tubes,

13.2.2 Transistor

In 1947 the Transistor was [irst invenled in Bell Laboratory and for this
mvention John Bardeen, Walter Brattain and William Shockley were awarded
the Nobel Prize. No one could imagine at that ime how fast and widely the
transistor would change the whole world.

A transistor can work just like a vacuum tube, but compared with a vacuum tube
it is very small in size. light in weight, and a very small amount of electricity is
needed (o operale i, it 18 very reliable and most of all, it can be made at a very
low cost. Thus it rapidly secured its place, replacing the vacuum tube and the
people of the world began to get many electrical appliances by using this
transistor at very cheap.

13.2.3 Integrated Circuit

Although the discussion about an integrated circuit was started m 19252, a real
integrated circuit was started to be made in the sixth decade. In the fifth decade
many transistors were made on a thin silicon plate (Wafer) and eventually the
transistors were separated by cutting them from the plate. This process was
improved to a small extent while preparing an integrated circuit. Not only
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a transistor but also creating a diode, resistor and a capacitor on a wafer, a
complete circuit was started to be made, This circuit was named an mntegrated
circuit (IC). With the development ol technology many (ransistors were
assembled in a small area, and first it was named Large Scale Integration (LSI),
and then it is called Very Large Scale Integration (VLSI). These circuits were
made into a ready-made package so that they could be directly used in a circuil
board. Modemn equipment such as the Micro-computer, clinical appliances,
video camera, communication satellite would never be possible without the use
of integrated circuits.

13.2.4 Electronics of Future

The technology of electromics 1s still advancing, and in the future we will
experience electronic circuits using optics or light in an information
communicative mtegrated circutt. At the same time we will observe the use of
programmable IC (FPGA: Field Programmable Gate Array) in different fields in
accordance o our own needs.

13.3 Analog and Digital Electronics

Things that are happening around us every moment, like sound, light, pressure,
temperature are expressed as information or data. Their values can be changed
continuously, We might need these values in our different works, so we preserve
and analyze these values and send them from one place to another. To process
the data we might use electronics. This continuously changing data can be
converted into electrical signals and these types of signals are called analog
signals. If we process these signals with a type of electronics, it 1s called analog
electromics. When discrete signals are processed, then 1l 1s called digital signal.

Continuously changing information or data signals can be processed in a
different way. To do this, we have to find the value for a definite interval of time
and express this in a type of number. Then we have to preserve this value
successively. Then we will be able to process these numbers using electronies.
When it is needed to convert this into the main analog signal again, then electric
signals of equal to serially preserved values have to be created. We use decimal
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numbers in our daily life. But in electronics numbers are expressed by binary
numbers, because they can be easily processed (voltage as 1 and zero voltage as
()). The number system expressed with the digits *0” and *1°" is a binary number
system. (Figure. 13.04)

The greatest contribution of electronics is the computer. The exchange of all data
or processing of all data in a computer is processed by digital electronics. Digital
electronics is also used in the internet and computer networks to exchange data.
Sound, image or video etc. start as analog signals (and is used as analog signal
foo) but they are stored, processed and sent as digital signal. Noise can spoil the
quantity of analog signals very easily by entering the signals. Once it is
converted into digital signals, noise cannot enter it very easily. So, the quality of
digital signals remains unchanged,

[ {L‘ j\ qu } Ur\ . W]'\JN
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Figure 13.04: (a) Analog and (b) Digital signals

A special type ol IC is made to process digital signals. These IC’s have become
efficient gradually. That is, thev can process a large number ol signals al 4 very
short time accuralely. Therefore, as ime goes by, the process of digitizing is
becoming easier and it 1s needless o say that everything around us is being
converted into digital world,
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13.4 Semiconductor

The modern world and modemn civilization have been built on the basis of
electronics. I we want lo express our gratitude (o any substance, that
substance will be the semiconductor, We have discussed about the conductor,
msulator and semiconductor. Now we can go deeper to a small extent about this
subject.

Figure 13.03 : Silicon crystal. Three dimentional silicon crystal (right)

In Figure 13.05 many atoms of a semiconductor have been shown side by side.
Due to the structure of the atom if there are eight electrons in their outer most
shells, in one sense they are fulfilled and become very stable. Atoms always try
to have eight electrons in their outer most shells. Silicon is the most used
semiconductor among the semiconductors. The number of electrons is four in its
outer most shell. Bul when we observe a silicon crystal, we [nd surprisingly that
there are eight electrons in the outer most shell of every atom! It has happened
because every atom attaches to four different atoms around it, and they are all
using their electrons sharing with the neighboring atoms. (We have drawn the
figure on a plane. The real arrangement of silicon atoms 1s three dimensional, as
shown at the right side of the Figure 13.05. Actually, every atom touches other
four atoms.)
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Usually the electrons are bound to the atoms in semiconductors. With the
increase ol temperature, one or two electrons may become free. There are free
electrons in conductors so the semiconductors may act as conduectors to some
extent. From to the view point of physics it is an interesting phenomenon, but
not very suitable for practical use. An mteresting thing is done to make it more
useful. Atoms with five electrons in its outer most shell. e.g. phosphorous are
mixed with silicon crystal. Hence, the fifth electron of phosphorous becomes an
extra electron. It 1s not necessary for the exira electron to be bound to the
atoms of phosphorus. This electron behaves like free electrons by making the
phosphorus atom a positive ion. It can be said that such phosphorus adding
semiconductors act as conductors to a large extent, because there are some free
electrons here to carry charges. The semiconductors made by mixing atoms
having five electrons in the outer most shell like phosphorus are called n tvpe
semiconductors.

Now get ready to hear something more interesting. Instead of adding pentavalent
impurity atoms, if we add atoms having three electrons (e.g. boron) in their outer
most shells, to silicon, what will happen? Certainly, it is understood that there is
an emply space in the orbit of a boron atom and this emply place can be occupied
by a neighboring electron. Then an empty place will be created in the
neighboring atom, this place again can be occupled by an electron of its
neighboring atom, then an empty place also will be created there. Another way
to see it 1s that an empty place with the lack of an electron is moving from atom
to atom. It seems that it 15 one type of particle and 1ts charge 1s positive. It 15
called a hole. That is, we can say that keeping a boron atom as a negative 1on,
this hole can move through the whole silicon crystal. That 1s, this semiconductor
almost acts as a conductor and positively charged holes conduct electricity
through it! When a semiconductor becomes a conductor by adding atoms having
three electrons in their outer most shells, it 1s called a p-type semiconductor.

There were not so many uses of n type and p type semiconductors individually
but when n type and p type semiconductors were combined together the greatest
discovery of science and technology started,
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It is wiser to prevent these types of health problems than to treat the problems
caused by the use of computers. We have to be cautious so that these health
problems are not created. If we abide by some easy rules, we can prevent these
problems. e.g.
(a) We have to sit properly and look straight while working on computers.
(b) We have lo take rest at least for 5 minutes after every hall an hour and
relax the neck and shoulders.
(¢) The screen of the computer should be 50 - 60 cm away from eyes.
(d) We have to look at something far away for a while,(afler every 10 minules)
so that eyes feel comfortable.

13.7.2 Mental Problem

Mental problems caused by excessive use of computers can be more severe than
physical problems. Now-a-days, everyene can use the miemnet due to its
availability. The realm of information and knowledge is opened in internet; on
the other hand, it can also cause problems for users through social network
services. Psychologists have started to show through research that people may
become addicted to excess use of computers, the mternet, or social networks
( similar to the addiction to narcotics). There are even examples of death due to
excessive playing of computer games. Therefore, we always have to remember
that modem technology is not always good. As there are many unnecessary and
harmful technologies in the world, likewise, the misuse of good technologies

can also become a curse in our lives.

Do Yourseld

Write a report on how e-mail, internet and social networks can be used as
responsible one.

Forma-46, Physics, Class 9-10
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® Exercise
General questions

1. If a neutron can furn info a proton emitting a beta particle, then why are

not all neutrons inside a nucleus gradually converted into protons?

2. The resistance of a resistor increases with an increase in temperature.
but why does the resistance of a semiconductor decrease with an
increase in temperature?

. What is radioactivity? Explain.

4. Explain the difference between alpha and beta particles.

5. What is an integrated circuit?

il

Mathematical questions

1. The amount of C,, in a fossil is 16 times less than expected. How old is
the fossil?

%% Multiple choice questions

Put the tick mark (V) on correct answer
1. What do you mean by an alpha particle emitting from a radioactive element?
(a) a hydrogen nucleus
(b) a hehium nucleus
(c) a neutrally charged particle
(d) a negative particle
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2. What 1s a beta ray emilted due (o the radivactive decay?
(a) the flow of negative electrons
(b) a charge neutral particle
(¢) a light nucleus
(d) flow of positive protons

3. What is a silicon chip called if millions of circuits are added to it?
(a) parallel circuit
(b) semiconductor transistor
(c) integrated circuit
(d) semiconductor diode

Creative questions

1.Roni saw on television that a shipment of uranium was being delivered for the
nuclear power plant under construction in Ruppur. Curious to learn more about
this,he approached his teacher, who said, "The spent {uel residue from a nuclear
reactor must be carefully stored far away from human habitation!" To illustrate
this point, the teacher showed Roni a poster in the physics lab, explaining that if
a | kg sample of this element is leftuntouched, after eight hundred years, the
mass of the same radioactive atoms remaining in the sample would be 250 g.

(a) What is radicactivity?

(b) Explain the reasons for the special radioactive hazard symbolsdisplayed on
vehicles transporting uranium fuel.

(¢) What 1s the half-life of the element displayed on the poster in the physics lab?
(d) Analyze the validity of the teacher's statement regarding the storage of nucle-
ar reactor fuel.

2. Shovon found a broken radio among the old items in his house. Out of curiosi-
ty, he started taking apart various parts of the radio. Inside, he discovered several
small components with multiple legs,all connected to a large board. When he
asked his physics teacher about them. the teacher told Shovon that the
many-legged components are known as ICs (integrated circuits). The teacher
further explained that they are typically made of specific semiconducting
elements.
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(a) What 1s an IC?

{b) Explain why an analog signal and a digital signal are different.

(¢) Draw the crystal lattice structure element mentioned by the teacher in the
stimulus.

(d) Analyze how the same function could be achieved in Shovon's radio without
using ICs.

—-End---
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