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Part 1

Physics



THE UNIVERSE

Nature of Universe

= The science which deals with the study of heavenly bodies in respect of their motions, positions
and compositions is known as astronomy. The Sun around which the planets revolve is a star.
It is one of the hundred billion stars that comprise our galaxy called the Milky Way.

= A vast collection of stars held together by mutual gravitation is called a galaxy. The billions
of such galaxies form the universe. Hence, the Solar system, stars and galaxies are the

constituents of the universe.

1.1 ORIGIN OF THE UNIVERSE

The following three theories have been
proposed to explain the origin of the Universe.

1. Big Bang Theory

* According to the big bang theory all matter
in the universe was concentrated as a single
extremely dense and hot fire ball. An explosion
occured about 20 billion years ago and the
matter was broken into pieces, thrown off in
all directions in the form of galaxies.

= Due to continuous movement more and more
galaxies will go beyond the boundary and will
be lost.

= Consequently, the number of galaxies per unit
volume will go on decreasing and ultimately
we will have an empty universe.

2, Pulsating Theory

= Some astronomers believe that if the total
mass of the universe is more than a certain
value, the expansion of the galaxies would be
stopped by the gravitational pull.

* Then the universe may again contract. After
it has contracted to a certain critical size, an
explosion again occurs.

* The expansion and contraction repeat after
every eight billion years.

Thus we may have alternate expansion and
contraction giving rise to a pulsating universe.

3. Steady State Theory

According to this theory, new galaxies are
continuously created out of empty space to fill
up the gap caused by the galaxies which escape
from the observable part of the universe.

This theory, therefore suggests that the
universe has always appeared as it does today
and the rate of expansion has been the same
in the past and will remain the same in future.
So a steady state has been achieved so that
the total number of galaxies in the universe
remains constant.

1.1.1 Galaxy

A large band of stars, gas and dust particles
held together by gravitational forces is called
a galaxy.

Galaxies are really complex in nature
consisting of billions of stars.

Some galaxies emit a comparatively small
amount of radio radiations compared to
the total radiations emitted. They are called
normal galaxies.

Our galaxy Milky Way is a normal galaxy
spiral in shape.
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Astronomical Objects

= In 1924, Edwin Hubble first
demonstrated existence of galaxies
beyond Milky Way.

= Sun spots are the magnetic storms on the
surface of the sun.

The nearest galaxy to us known as Andromeda
galaxy, is also a normal galaxy. It is at a
distance of 2 x 10° light years. (The distance
travelled by the light in one year [9.467 x 10"
km] is called light year).

Some galaxies are found to emit millions of
times more radio waves compared to normal
galaxies. They are called radio galaxies.

Types of Galaxies

1. Spiral Galaxy
2. Elliptical Galaxy
3. Irregular Galaxy
4. Barred Spiral

1.1.2 Milky Way Galaxy

The Milky Way is the galaxy in which our
solar system is located. The diameter of Milky
Way is over 100,000 light years.

Light year travelling time 3,00,000 sec

The Milky Way includes stars smaller than
our Sun as well as many other stars that are
thousands of times bigger than the Sun.

It includes many other celestial bodies of
gases, clouds of dust, dead stars, newly born
stars, etc. It is also thought to contain at least
100 billion stars.

The galaxy that is closest to our Milky Way is
Andromeda. In Indian mythology, this patch
called as Akasha Ganga.

Our solar system is located within the disk of
the galaxy, about 27,000 light years away from
the centre of the galaxy.

Milky Way looks like a stream of milk across
the sky. Some of the important features are
given below.

1. Shape and Size

Milky Way is thick at the centre and thin at
the edges.

The diameter of the disc is 10° light years. The

thickness of the Milky Way varies from 5000
light years at the centre to 1000 light years at
the position of the Sun and to <500 light years
at the edges.

The Sun is at a distance of about 27000 light
years from the galactic centre.

2. Inter-stellar Matier

The interstellar space in the Milky Way is filled
with dust and gases called inter stellar matter.
It is found that about 90% of the matter is in
the form of hydrogen.

3. Clusters

Groups of stars held by mutual gravitational
force in the galaxy are called star clusters. A
star cluster moves as a whole in the galaxy.

A group of 100 to 1000 stars is called galactic
cluster.
A group of about 10000 stars is called globular
cluster.

4. Rotation

The galaxy is rotating about an axis passing
through its centre. All the stars in the Milky
Way revolve around the centre and complete
one revolution in about 300 million years.

The Sun, one of the many stars revolves around
the centre with a velocity of 250 km/s and its
period of revolution is about 220 million years.

5. Mass

The mass of the Milky Way is estimated to be
3 x 10" kg

1.1.3 Constellation

A constellation is a recognizable pattern of
stars in the night sky when viewed from the
Earth.

International ~ Astronomical Union has
classified 88 constellations to cover the entire
celestial sphere. Ursa Major (Saptha Rishi
Mandalam) is a large constellation and it
covers a large part of the sky.

The most striking feature of this constellation
is a group of seven bright stars known as big
dipper (seven Sages in Indian astronomy).
Ursa Minor in Lattin means ‘the little bear” it
lies in the northern sky. The Pole star - Polaris
(Dhrua) lies within this constellation.
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The main group, ‘little dipper’, consists of
seven stars and is quite similar to that found
in Ursa Major.

Orion was a hunter in Greek mythology.The
constellation comprises around 81 stars out of
which all but 10 are too faint to be seen with
naked eye.

1.1.4 Stars

A Star is a luminous heavenly body that
radiate energy. With naked eyes, we can see
nearly 3000 stars in the night sky and many
more with the help of a telescope.

The Sun is the nearest star to the Earth. The
next nearest star is Alpha Centauri.

A star is a huge, more or less spherical mass of
glowing gas emitting large amount of radiant
energy. Billions of stars form a galaxy.

There are three types of stars. They are

(i) double and multiple stars

(ii) intrinsically variable stars and

(iif) Novae and super novae.

The night stars in the sky have been given
names such as Sirius (Vyadha), Canopas
(Agasti), Spica (Chitra), Arcturus (Swathi),
Polaris (Dhruva) ... etc. After the Sun, the star
Alpha Centauri is nearest to Earth.

1.2 THE SOLAR SYSTEM

The word solar is derived from roman word
'Sol' which means 'Sun God'.

The part of the universe in which the Sun
occupies the central position of the system
holding together all the heavenly bodies such
as planets, moons, asteroids, comets ... etc., is
called Solar system.

The gravitational attraction of the Sun
primarily governs the motion of the planets
and other heavenly bodies around it. Mercury,
Venus, Earth, Mars, Jupiter, Saturn, Uranus
and Neptune are the eight planets that revolve
around the Sun.

We can see the planet Venus in the early
morning in the eastern sky or in the early
evening in the western sky.

The planet Mercury can also be seen sometimes
after the sunset in the West or just before
sunrise in the East.

The planet Mars came closer to the Earth
after 60,000 years from a distance of
380 x 10° km to a nearby distance of
55.7 x 10° km. It would appear again in the
year 2287.

1.2.1 Sun

The Sun is extremely hot and
self-luminousbody. Itismade of hydrogeneous
matter. It is the star nearest to the Earth. Its
mass is about 1.989 x 10% kg. Its radius is
about 6.95 x 10° m. Its distance from the Earth
is 1.496 x 10" m. This is known as astronomical
unit (AU).

Light of the sun takes 8 minutes 20 seconds
to reach the Earth. The gravitational force of
attraction on the surface of the Sun is about 28
times that on the surface of the Earth.

Diameter 1,392,000 km

Volume 1,304,000 times, Earth’s

Gravitational Pull 28 x Earth’s

Relative Density 1.4 kg/m?
6000°C at surface and
Temperature 15,000,000°C at the
centre

Sun rotates about its axis from East to West.
The period of revolution is 34 days at the pole
and 25 days at the equator. The density of
material is one fourth that of the Earth.

The inner part of the Sun is a bright disc of
temperature 14 x 10° K known as photosphere.

The outer most layer of the Sun of temperature
6000 K is called chromosphere.

1. The sun atmosphere
= Photosphere - 14 x 10°K

= Chromosphere - 6000 K

2. Sun Produces energy by fusion

3. Two sets of Fusion reactions (hydrogen
into helium)
= Proton—Proton Chain
= CNO cycles (minor amount to
the energy) Four hydrogen nuclei
combine to a helium nucleus. This
mass difference converted to energy.
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* (E = mc?) This energy which keeps
the sun shining.

* The sun is the star at the centre of the solar

system.
= It is the nearest star to the earth. As a star it is
a rather ordinary one, of average size. Many
other stars are bigger, heavier, hotter and
brighter. The next nearest star, Alpha Centauri.

1.2.2 Planets
* The word Planet means Wanderer.

= A planet is a heavenly body that orbits the sun
or another star and shines only by the light it
reflects.

= In our solar system, it can be classified into
Terrestrial Planets and Extra Terrestrial
Planets.

Atmosphere

* The ratio of the amount of solar energy
reflected by the planet to that incident on it is
known as albedo.

= The albedo of Venus is 0.85. It reflects 85% of
the incident light, the highest among the eight
planets.

= Itis supposed to be covered with thick layer of
atmosphere.

= The planets Earth, Jupiter, Saturn, Uranus and
Neptune have high albedoes, which indicate
that they possess atmosphere.

The planet Mercury and the moon reflect only

6% of the sunlight. It indicates that they have

no atmosphere, which is also confirmed by

recent space probes.

* There are two factors which determine
whether the planets have atmosphere or not.

* They are
(i) acceleration due to gravity on its surface an
(ii) the surface temperature of the planet.

* The value of g for moon is very small (4" of
the Earth).

= Consequently the escape speed for moon is
very small. As the average velocity of the
atmospheric air molecules at the surface
temperature of the moon is greater than the
escape speed, the air molecules escape.

= Mercury has a larger value of g than moon. Yet
there is no atmosphere on it.

= It is because, Mercury is very close to the Sun

and hence its temperature is high.

So the mean velocity of the gas molecules is
very high. Hence, the molecules overcome the
gravitational attraction and escape.

Important Facts

Biggest planet Jupiter
Biggest satellite Gannymede
Blue Planet Earth
Green planet Uranus
Brightest planet Venus
Brightest star (ng)lésstar)
Closest star of solar system éii?aauri
Coldest planet Neptune
Evening star Venus
Farthest planet from sun Neptune
Planet with maximum .
number of satellites Jupiter
Fastest revolution in solar

— Mercury
Hottest planet Venus

Conditions for life on any planet

The following conditions must hold for plant
life and animal life to exist on any planet.

1. The planet must have a suitable living
temperature range.

2. The planet must have a sufficient and right
kind of atmosphere.

3. The planet must have considerable amount
of water on its surface.

1. The Terrestrial Planets

Next to the Sun, the most important members
of the solar system are the planets.

The nine planets, the nearest four to the Sun
namely Mercury, Venus, Earth and Mars are
called the terrestrial planets because their
structure is similar to the earth.
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= The common features of these planets are:

1. A thin rocky crust,
2. A mantle rich in iron and magnesium

3. A core of molten metal’s.
The terrestrial planets have very few moons.
These planets have thin atmospheres.

Mercury

Mercury-the messenger to the God.

Mercury is the inner most and smallest planet
in the solar system orbiting the sun once every
87.969 Earth days.

It is nearly of the same size as the moon and is
much smaller compared to the earth with an
equatorial radius of 2,439.7 km.

The Mercury usually becomes visible in
September and October just before sunrise in
the eastern sky as a morning star.

Mercury too has no atmosphere and its surface
is rocky and mountainous too.

Venus

Hottest planet. It is named after goddess
of love and beauty. Venus or Shukra is the
second planet in terms of its distance from the
sun orbiting it every 224.7 Earth days.

It is a planet, which our elders often called an
evening or a morning star. The mass of the
atmosphere of Venus is 96.5% Co,, with of the
remaining 3.5% being nitrogen. Venus has no
moon or satellite of its own.

The Earth (Blue Planet): Earth is the third
planet in term of distance from the sun.

Mars (Red Planet): The next planet in terms of
distance from the sun is the Mars or Mongol. It
appears reddish and therefore it is also called

the red planet.

2. The Jovian Planets

The planets outside the orbit of Mars are much
farther off than the terrestrial planets.

The planets outside the orbit of Mars are
called Jovian planets because their structure is
similar to that of Jupiter.

These are all gaseous bodies. They have ring
systems around them and have large number
of moons.

Jupiter: It is named after king of the roman God.
Jupiter is the largest of all the planets. Its mass
is more than the combined mass of all other
planets.

Saturn (Shani)

Ringed Planet.

Saturn is the most distant planet known to the
early astronomers. Its distance from the sun is
almost two times that of Jupiter.

Saturn is its beautiful rings that encircle
the planet. There are three distinct rings
that surround the planet.

These rings are not visible with the naked eyes
and can be observed only with the help of a
telescope.

Titan - Saturn's largest moon. It is named after
the roman God of Agriculture.

Important Facts

Densest planet Earth
Fastest rotation in solar system | Jupiter
Morning star Venus
Nearest planet to earth Venus
Nearest planet to sun Mercury
Red planet Mars
Slowest revolution in solar

systen Neptune
Slowest rotation in solar system | Venus
Smallest planet Mercury
Smallest satellite Deimos
Earth’s twin Venus
Only satellite with an .
atmosphere like earth Titan

Uranus

Uranus was the first planet to be discovered
with the help of a telescope.

William Herchel discovered the planet in 1781.

= Hydrogen and methane have been detected in

the atmosphere of Uranus.

* Escape speed of earth is 11.2 km/s
* The escape speed is V_ = \/Zg_R

* Mercury =4 km/s

= Jupiter = 60 km/s

* Moon =2.5km/s

Sun* = 620 km/s

= *Escape speed very high
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Neptune (The Coldest Planet) clear moonless night.

* Neptune is the eighth planet in terms of its « Some bigger size meteors may survive the
distance from the sun. This is the second planet heat produced by friction and may not be
that was discovered with the help of telescope. completely burnt. These blazing objects

= There are two factors which determine which manage to reach the Earth are called
whether the planets have atmosphere or not, meteorites.
acceleration due to gravity onitsurface the surface = The formation of craters on the surface of the
temperature of the planet. moon, Mercury and Mars is due to the fact that

they have been bombarded by large number of
meteorites.

1.3 NEWTON'’S LAW OF GRAVITATION

= The law states that every particle of matter
in the universe attracts every other particle
with a force which is directly proportional

= Mercury has larger value of gravity than
moon. There is no atmosphere because its very
close to the sun and it temperature is high.

= The value of gravity for moon is very small
(1/6" of the earth).

1.2.3 Other objects in the Solar System

1. Asteroids

= Asteroids are small heavenly bodies which
orbit round the Sun between the orbits of Mars
and Jupiter. They are the pieces of much larger
planet which broke up due to the gravitational
effect of Jupiter.

= About 1600 asteroids are revolving around the
Sun. The largest among them has a diameter of
about 700 km is called Ceres. It circles the Sun
once in every 4Y2 years.

2, Comets

= A comet consists of a small mass of rock—
like material surrounded by large masses
of substances such as water, ammonia
and methane. These substances are easily
vapourised. Comets move round the Sun in
highly elliptical orbits and most of the time
they keep far away from the Sun.

= The comet also develops a tail pointing away
from the Sun. Some comets are seen at a fixed
regular intervals of time.

= Halley’s comet is a periodic comet which made
its appearance in 1910 and in 1986. It would
appear again in 2062.

3. Meteors and Meteorites

= The comets break into pieces as they approach
very close to the Sun. When Earth'’s orbit cross
the orbit of comet, these broken pieces fall on
the Earth. Most of the pieces are burnt up by
the heat generated due to friction in the Earth’s
atmosphere. They are called meteors (shooting
stars). We can see these meteors in the sky on a

to the product of their masses and inversely
proportional to the square of the distance
between them.

m, 1,

The gravitational force between them is F o
mlmZ
F o 1/7?

m. m
1 2
Fo—;
r
m.m
o 1 2
FsG—73—
I

Where G is the wuniversal gravitational
constant.

The value of G is 6.67 x 10™ N m? kgand its
dimensional formula is M L* T
Acceleration due to gravity on the Earth’s
surface, g = 9.8 m s

Centripetal acceleration on the moon,
a_ = v?*/r where r is the radius of the orbit of
the moon (3.84 x 10 m) and v is the speed of
the moon.

v Moon
ity
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= Time period of revolution of the moon around
the Earth, T =27.3 days.

= The speed of the moon in its orbit, onr

T

8

v 21t x 3.84 x10 102 %107 ms!
27.3x24x60x 60

.. Centripetal acceleration,
v (1.02x10%)°

¢ or 3.84 x10°
a =27x10"ms™

Special Features of the Law

1. The gravitational force between two
bodies is an action and reaction pair.

2. The gravitational force is very small
in the case of lighter bodies. It is
appreciable in the case of massive
bodies. The gravitational force between
the Sun and the Earth is of the order of
10 N.

1.3.1 Acceleration due to Gravity

* Galileo was the first to make a systematic study
of the motion of a body under the gravity of
the Earth.

= He came to the conclusion that “in the absence
of air, all bodies will fall at the same rate”. It
is the air resistance that slows down a piece
of paper or a parachute falling under gravity.

= If a heavy stone and a parachute are dropped
where there is no air, both will fall together at
the same rate.

* The value of g at sea-level and at a
latitude of 45° is taken as the standard
(ie,)g=98ms>

Acceleration due to Gravity at the Surface of

the Earth

* The gravitational force experienced by the
body is F = GMm/R? where M is the mass of
the Earth.

* From Newton’s second law of motion, Force
F=mg.
Equating the above two forces,
GMm _GM

T_mg 8 R2

Mass of the Earth

From the expression g = ? , the mass of the

Earth can be calculated as follows:

gR>  9.8x(6.38x10°)
= G = 6 67 X 10711 = 598 X 1024kg

1.3.2 Variation of Acceleration due to
Gravity

1. Variation of g with Altitude

Q
Ih

= The acceleration due to gravity at P on the

Cél\f ............. (1)

= The acceleration due to gravity at Q is
GM

surfaceis g =

i 2
gh (R + h)Z RZ ( )
dividing (2) by (1) %Z?h = m
2h
&n = g(l - 3)

= The value of acceleration due to gravity
decreases with increase in height above the
surface of the Earth.

2. Variation of g with Depth
* The acceleration due to gravity at P on the

GM

R2

surface is g =
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= The acceleration due to gravity at Q at a depth
d from the surface of the Earth is

B GMd2
~ (R-hy

d
—of1-&
84 g( R)

= The value of acceleration due to gravity
decreases with increase of depth.

8d

3. Variation of g with Latitude (Non—
sphericity of the Earth)

* The radius of the Earth at equatorial plane R
is greater than the radius along the poles R by
about 21 km. 1

8“@

= The value of g varies inversely as the square of
radius of the Earth.

4. Variation of g with Latitude (Rotation of

the Earth)

» The Earth rotates from west to east in 24 hours.
Its angular velocity is 7.3 x 10 rad s™".

The resultant of these two forces is

F= \/ (mg sinB)’ + (mg cosd — mR®* cosh)’

2Rm*cos’ 0
The force, F = mg, [1— T
‘ Rw’cos’ 0
g=gl-———
8

Case (i) At the poles, 6 = 90° cos 0 =0

{

g
Case (ii) At the equatory 6 =f:.¢0s 6 =1
"8 ng_ g T

So, the value of acceleration due to gravity is
maximum at the poles.

1.3.3 Gravitational Field

= A particle or a body placed at a point modifies
a space around it which is called gravitational
field.

» The gravitational field is defined as the
space around a mass in which it can exert
gravitational force on other mass.

Gravitational Field Intensity

= Gravitational field intensity or strength at a
point is defined as the force experienced by a
unit mass placed at that point. It is denoted by
E. It is a vector quantity. Its unit is N kg™

= The gravitationa]Ffield intensity at P is
H

M
SE =
T

* Gravitational field intensity is the measure of
gravitational field.

Gravitational Potential difference

= Gravitational potential difference between
two points is defined as the amount of work
done in moving unit mass from one point to
another point against the gravitational force of
attraction.

A B
—
dr

= Gravitational potential difference
dv=—-Edr

= Here, negative sign indicates that work is done
against the gravitational field.
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Gravitational Potential: Gravitational
potential at a point is defined as the amount
of work done in moving unit mass from the
point to infinity against the gravitational field.
It is a scalar quantity. Its unit is N m kg™.

Expression for GravifaﬁorGM’otenﬁal at a Point

V= ——
r

= The gravitational potential is negative, since,
the work is done against the field. (i.e.) the
gravitational force is always attractive.

Gravitational Potential Energy
GMm
r

U= -

= Gravitational potential energy is zero at infinity
and decreases as the distance decreases. This
is due to the fact that the gravitational force
exerted on the body by the Earth is attractive.
Hence, the gravitational potential energy U is
negative.

Gravitational Potential Energy near the
Surface of the Earth

B
Ih
U GMmh
=—2
R . GM
U = mgh R =8

Inertial Mass

= According to Newton’s second law of motion
(F = ma), the mass of a body can be determined
by measuring the acceleration produced in it
by a constant force. (i.e.,) m = F/a.

= Intertial mass of a body is a measure of the
ability of a body to oppose the production of
acceleration in it by an external force.
LI, _ 3
Tm,  a,
1.3.4 Gravitational Mass
= According to Newton’s law of gravitation, the
gravitational force on a body is proportional
to its mass.

= Gravitational mass is the mass of a body which
determines the magnitude of gravitational
pull between the body and the Earth.

B

mg FA

Astronomical Unit

= The average distance between the Earth
and the Sun is called an astronomical
unit. It is denoted by ‘au’. 1 au = 1.496
x 108 km

Escape Speed

* The escape speed is the minimum speed with
which a body must be projected in order that
it may escape from the gravitational pull of the

planet.
/ZGM
V, =, |——
R

The escape speed is v, = \|2gR

= Theescape speed for earth is 11.2 km/s, for the
planet Mercury it is 4 km/s and for Jupiter it
is 60 km/s.

= The escape sped for the moon is about 2.5
km/s.

1.4 PLANETARY MOTION

* The first major theory, called the Geo-centric
theory was developed by a Greek astronomer,
Ptolemy.

= The Earth is considered to be the centre of the
universe, around which all the planets, the
moons and the stars revolve in various orbits.

* The great Indian Mathematician and
astronomer Aryabhat of the 5th century AD
stated that the Earth rotates about its axis.

* Due to lack of communication between the
scientists of the East and those of West, his
observations did not reach the philosophers of
the West.

GEO Centric Theory

= Earth at the center, the stars in the
distant background, and Sun, Moon
and the planets orbiting around us.
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* Nicolaus Copernicus, a Polish astronomer Proof for the Law of Areas

proposed a new theory called Helio-centric : B
theory. m
= According to this theory, the Sun is at rest and ) A
all the planets move around the Sun in circular
orbits.
= A Danish astronomer Tycho Brahe made very dA 1
accurate observations of the motion of planets —=r’p
and a German astronomer Johannes Kepler dt 2
analysed Brahe’s observations carefully and where o is the angular velocity.
proposed the empirical laws of planetary The angular momentum is given by
motion.
L=mr'e
1.4.1 Kepler’s Laws of Planetary Motion L
1. The Law of Orbits r'o= o
Hence, d—A = lL
dt 2m

= Since, the line of action of gravitational force
passes through the axis, the external torque
is zero. Hence, the angular momentum is
= Each planet moves in an elliptical orbit with conserved. dA
the Sun at one focus. —~ = constant.
dt
(i.e.,) the area swept by the radius vector in
unit time is the same.

= Ais a planet revolving round the Sun.

= The position P of the planet where it is very
close to the Sun is known as perigee and the
position Q of the planet where it is farthest

from the Sun is known as apogee. Light Year

* The distance travelled by light in one
2. The Law of Areas year is called a light year.
* It is denoted by ‘ly’. 1 ly = 9.4607 x 10*
km

Parsec
* A parsec is defined as the distance at
* The line joining the Sun and the planet (i.e which one astronomical unit subtends
Fadius Vect(?r) sweeps out equal areas in equal an angle of one arc second.
interval of times. = It is denoted by ‘pc” 1 pc = 3.2615 ly =
3.09 x 10" km

= Due to the variable speed of the planet. When
the planet is closest to the Sun, it covers greater
distance in a given time.

= Hence, the speed is maximum at the closest 1.4.2 The Law of Periods
position. When the planet is far away from the * The square of the period of revolution

Sun, it covers lesser distance in the same time. of a planet around the Sun is directly
Hence, the speed is minimum at the farthest proportional to the cube of the mean distance
position. between the planet and the Sun.

(e.,) T?or 2
—5~ = constant
T
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Proof for the Law of Periods

& FPlanet

The gravitational force of attraction of the Sun

GMm

2
r
mv?

on the planetis, p—

The centripetal force is, F = .

GM is a constant for any planet,
s~ TPor

1.4.3 Distance of a heavenly body in
the Solar System

The distance of a planet can be accurately
measured by the radar echo method. In this
method, the radio signals are sent towards the
planet from a radar.

These signals are reflected back from the
surface of a planet.

The reflected signals or pulses are received
and detected on Earth.

The time t taken by the signal in going to the
planet and coming back to Earth is noted.

The signal travels with the velocity of the light
c.

The distance s of the planet from the Earth is

e pyss &
glven by s )

Size of a Planet

Itis possible to determine the size of any planet
once we know the distance S of the planet.

= The image of every heavenly body is a disc
when viewed through a optical telescope.

-
=15 (|
= BP

* The angle 0 is called the angular diameter of
the planet. The linear diameter d of the planet
is then given by
d = distance x angular diameter

d=sx0

1.4.4 Surface Temperatures of the
Planets

= The planets do not emit light of their own.
They reflect the Sun’s light that falls on them.

= Stefan’s law of radiation E = ¢ T* where o is the
Stefan’s constant and E is the radiant energy
emitted by unit area in unit time.

* Day temperature of Mercury is maximum
(340°C) since, it is a planet closest to the Sun
and that of Pluto is minimum (—240°C).

= Venus is an exception as it has very thick
atmosphere of carbon-di-oxide. This acts as
a blanket and keeps its surface hot. Thus, the
temperature of Venus is comparitively large of
the order of 480°C.

Mass of the Planets and the Sun

= The mass of the Sun M can be calculated if the
distance of the Sun from the Earth r, the period
of revolution of the Earth around the Sun T
and the gravitational constant G are known
using the relation A

GT?

= The Hubble Space Telescope and powerful ground-based telescopes are now beginning to
find galaxies that were created about one billion years after the Big Bang. These small galaxies
were much closer together than galaxies are today. Collisions were common.

= Like two flames moving towards each other, they merged into bigger galaxies. Our Milky

Way galaxy came together in this way.




General Scientific Laws

1. Universal Gravitation (1666)

Isaac Newton came to the conclusion that all
objects in the universe, from apples to planets,
exert gravitational attraction on each other.

2. Laws of Motion (1687)

The relationship between an object’s mass (m),
its acceleration (a) and the applied force (F) is
F = ma. For every action there is an equal and
opposite reaction.

3. Special Relativity (1905)

Albert Einstein overthrew basic assumptions
about time and space by describing how clocks
tick slower and distances appear to stretch as
objects approach the speed of light.

4. E = me? (1905)

Albert Einstein’s famous formula proves that
mass and energy are different manifestations
of the same thing, and that a very small
amount of mass can be converted into a very
large amount of energy.

One profound implication of his discovery is
that no object with mass can ever go faster the
speed of light.

5. Quantum Leap (1900-1935)

To describe the behaviour of subatomic
particles, a new set of natural law was
developed by Max Planck, Albert Einstein,
Werner Heisenberg and Erwin Schrodinger.

A quantum leap is defined as the change of an
electron within an atom from one energy state

to another. This change happens at once, not
gradually.

6. Nature of Light (1704—-1905)
* Thought

and experimentation by Isaac
Newton, Thomas Young and Albert Einstein
lead to an understanding of what light is, how
it behaves and how it is transmitted.

Newton used a prism to split white light into
its constituent colours and another prism to
mix the colours into white light, proving at
coloured light mixed together makes white
light.

Young established that light is a wave and
that wavelength determines colour. Finally,
Einstein recognized that light always travels at
a constant speed, no matter what is the speed
of the measure.

7. Superconductors (1911-1986)

* The unexpected discovery that some materials

have no resistance to the flow of electricity
promises to revolutionize industry and
technology.

Superconductivity occurs in a wide variety of
materials, including simple elements like tin
and aluminium, various metallic alloys and
certain ceramic compounds.

8. Quarks (1962)

* Murray Gell-Mann proposed the existence

of fundamental particles that combine to
form composite objects such as protons and
neutrons.



14 | Physics

= A quark has both an electric and a “strong”
charge. Protons and neutrons each contain
three quarks.

9. Nuclear Forces (1666—1957)

= Discoveries of the basic forces at work on the
subatomic level lead to the realization that
all interactions in the universe are the result
of four fundamental forces of nature—the
strong and weak nuclear forces, the
electromagnetic force and gravitation.

10. Newton'’s First Law of Motion (Law
of Inertia/Law of Galileo)

= Every object continues to be in its state of rest
or of uniform motion in a straight line unless
acted upon by an external force.

11. Newion’s Second Law of Motion

= The Force applied on a body is equal to the
product of the mass of the of the body (m) and
the acceleration (a) produced by the body.

F=ma
12. Newion’s Third Law of Motion

= For every action there is an equal and opposite
reaction. E.g., Swimming, Bullet, Rocket, etc.,

13. Newion’s Law of Universal
Gravitation

= Any two bodies in the universe attracts each
other body with a force ‘F’ that is directly
proportional to the product of their masses (m,
x m,) and inversely proportional to the square
of the distance (d) between them.

F=G (m,xm,)/d?
14. Law of Conservation of Energy
* The total energy in an isolated system remains
constant. The energy can neither be created

nor be destroyed but it can be transformed
from one form to another form.

15. Pascal’s Law

= The pressure applied anywhere in a confined
incompressible fluid is transmitted equally in
directions throughout the fluid.

16. Law of Reflection of Light

= The angle of incidence is equal to the angle of
reflection.

= The incident ray, the reflected ray and the
normal at the point of incidence all lie on the
same plane.

17. Archimedes Principle

* The principle was discovered in 3™ century
B.C. by the Greek mathematician Archimedes.

= [t states that when a body is partially or totally
immersed in a fluid, it experiences an upward
thrust equal to the weight of the fluid displaced
by it that i.e, its apparent loss of weight is
equal to the weight of liquid displaced.

18. Avagadro’s Law

= In 1811 it was discovered by an Italian Scientist
Anedeos Avagadro.

= This law states that equal volume of all gases
under the same conditions of temperature and
pressure contain equal number of molecules.

19. Ohm’s Law

= It states that the current passing through a
conductor between two points is directly
proportional to the potential difference across
the two points provided the physical state and
temperature etc. of the conductor does not
change.

20. Coulomb’s Law (1738-1806)

= The force between the two electric charges
reduces to a quarter of its former value when
the distance between them is doubled.

= The SI unit of electric charge, coulomb, is
named after Charles Augustin de Coulomb
who established the law.

21. Pascal’s Law (1623-1662)

* When pressure is applied to a fluid, the
pressure change is transmitted to every part
of the fluid without loss. Hydraulic machines
like the hydraulic press work on this principle.
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= Atmospheric pressure decreases with increase
in height. The SI unit of pressure is pascal
which is named after Pascal who established

this law.

Newton’s Laws (1642—-1727)
= Source of Newtons Law:
www.hannibalphysics.wikispaces.com

= Law of Gravitation: Objects attract each
other with a force directly proportional
to the product of the masses of the objects
and inversely proportional to the square
of the distance between them. Hence, for
objects on or near the earth, the mass of
the earth is very much greater than the
object, and so the gravitational force
between them makes objects fall towards
the earth. That is why lead and feather
fall at the same rate in a vacuum.

Newton’s First Law of Motion: A body
continues in its state of rest, or of uniform
motion in a straight line, except in so far
as it is compelled by external impressed
forces to change that state. It is also called
Law of Inertia.

Newton’s Second Law of Motion: The rate
of change of momentum is proportional
to the impressed force and takes place in
the direction of the straight line in which
the force acts. In other words “Force is
equal to mass multiplied by acceleration”.

Newton’s Third Law of Motion: To
every action there is equal and opposite
reaction. This is the principle behind the
recoil felt on pulling the trigger of a gun.

Newton’s Law of Cooling: The rate at
which a body cools or loses its heat to
its surroundings is proportional to the
excess of mean temperature of the body
over that of the surroundings, provided
this temperature excess is not too large.

22. Stefan’s Law (1835-1883)

= The total energy radiated from a black body
is equal to the fourth power of its absolute
temperature.

23. Hooke’s Law (1635-1703)

= This law states that the extension of a spring
is proportional to the tension stretching it.
Doubling of the tension results in the doubling
of the amount of stretch.

24. Bernoulli’s Principle

= It states that as the speed of a moving fluid,
liquid or gas, increases, the pressure within
the fluid decreases. The aerodynamic lift on
the wing of an aeroplane is also explained in
part by this principle.

25. Boyles’s Law

= It states that temperature remaining constant,
volume of a given mass of a gas varies inversely
with the pressure of the gas.

26. Charles’s Law

= [t states that pressure remaining constant,
the volume of a given mass of gas increases
or decreases by 1/273 part of its volume at
0 degree Celsius for each degree Celsius rise or
fall of its temperature.

27. Kepler’s Law

= Each planet revolves round the Sun in an
elliptical orbit with the Sun at one focus. The
straight line joining the Sun and the planet
sweeps out equal areas in equal intervals.
The squares of the orbital periods of planets
are proportional to the cubes of their mean
distance from the Sun.

28. Law of Conservation of Energy

= [t states that energy can neither be created nor
destroyed but it can be transformed from one
form to another. Since energy cannot be created
or destroyed, the amount of energy present in
the universe is always remain constant.
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29. Tyndall Effect

= The scattering of light by very small particles
suspended in a gas or liquid.

30. Graham’s Law

= It states that the rates of diffusion of gases
are inversely proportional to the square roots
of their densities under similar conditions of
temperature and pressure.




Mechanics (Properties of Matter,
Force, Motion and Energy)

Mechanics: Mechanics is the branch of physics that deals with the effect of force on bodies.
Its divided into two branches, namely, statics and dynamics.

Statics: It deals with the bodies, which are at rest under the action of forces.

Dynamics: It is the study of moving bodies under the action of forces. Dynamics is

further divided as follows.

Kinematics: It deals with the motion of bodies without considering the cause of motion.

Kinetics: It deals with the motion of bodies considering the cause of motion.

3.1 PARTICLE

= A particle is ideally just a piece or a quantity of
matter, having practically no linear dimensions
but only a position.

3.1.1 Force and Motion

= Galileo proposed the following concepts about
force, motion and inertia of bodies:

1. The natural state of all earthly bodies is
either the state of rest or the state of uniform
motion.

2. A body in motion will continue to be in the
same state of motion as long as no external
force is applied.

3. Whenaforceisapplied on bodies, they resist
any change in their state. This property of
bodies is called “inertia’.

4. When dropped from a height in vacuum,
bodies of different size, shape and mass fall
at the same rate and reach the ground at the
same time.

Inertia: The inherent property of a body to
resist any change in its state of rest or the state
of uniform motion, unless it is influenced upon
by an external unbalanced force, is known as
‘inertia’.

3.1.2 Rest and Motion

= When a body does not change its position
with respect to time, then it is said to be at rest.
Motion is the change of position of an object
with respect to time.

* To study the motion of the object, one has
to study the change in position (x, y, z
coordinates) of the object with respect to the
surroundings.

* It may be noted that the position of the object
changes even due to the change in one, two or
all the three coordinates of the position of the
objects with respect to time.

= Thus motion can be classified into three types:

1. Motion in one Dimension: Motion of an
object is said to be one dimensional, if only
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one of the three coordinates specifying
the position of the object changes with
respect to time.

E.g., An ant moving in a straight line,
running athlete, etc.

2. Motion in Two Dimensions: In this
type, the motion is represented by
any two of the three coordinates.
E.g., A body moving in a plane.

3. Motion in Three Dimensions: Motion of
a body is said to be three dimensional, if
all the three coordinates of the position of
the body change with respect to time. E.g.,
Motion of a flying bird, motion of a kite in
the sky, motion of a molecule, etc.

3.1.3 Motion in One Dimension
(Rectilinear Motion)

= The motion along a straight line is known as
rectilinear motion. The important parameters
required to study the motion along a straight
line are position, displacement, velocity, and
acceleration.

= If an object covers equal distances in equal
intervals of time, it is said to be in uniform
motion (Fig. 3.1).

= If an object covers unequal distance in equal
intervals of time, it is said to be in non-uniform
motion (Fig. 3.2).

* Speed is the quantity used to say whether the
motion is slow or fast.

Distance

Time

Figure 3.1 Uniform motion

Distance

Time
Figure 3.2 Non-uniform motion

Speed: Speed is the distance travelled in
one second (or) rate of distance travelled
(Table 3.2). Speed is measured in m/s (or)
BSH

_ Total Distance Travelled
Time taken

Speed

Velocity: Velocity is the displacement made in
one second (or) rate of change of displacement.
Rate of change means change per second. It is
expressed in m/s.

Displacement: The shortest distance or Di
. isplacement
distance travelled along a straight line is Velocity = P -
known as displacement (Table 3.1). Time
Table 3.1 Difference between Distance and Displacement.
No Distance Displacement
1 Distance is the length of the actual path

from one point to another.

followed by an object or body while moving

Shortest distance between two points

Scalar quantity

Vector quantity

Measured in metre in the SI system

Measured in metre in the SI system

Not a unique quantity

Unique

G

than displacement

Distance can either be equal to or greater

Displacement is either equal to or less
than the distance.
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Uniform Velocity: If equal displacements are
made by a body in equal intervals of time,
then the body has uniform velocity.

Table 3.2 Difference between Speed and
Velocity.

Speed Velocity

Change of
displacement with
respect to time

Change of distance
with respect to time

Scalar Quantity Vector Quantity

Measured in m/s in
the S.I. System

Measured in m/s in
the SI System

Positive and

Positive Quantity Negative Quantity

Acceleration: Acceleration is the change in
velocity of an object per second or rate of
change of velocity. The unit of acceleration is

m/s? or ms™2

Change in velocity
Time taken

Acceleration =

Uniform Acceleration: If an object travels in
a straight line and its velocity increases or
decreases by equal amount in equal intervals
of time, then the acceleration of the object
is uniform Uniformly accelerated motion

(Fig. 3.3).

Velocity
Velocity

Time Time
Non-uniformly
Accelerated Motion

Figure 3.3 Uniform
Accelerated Motion

Velocity

Time

Un-Accelerated
Motion

Equation of Motion
= v=utat

* s =ut+at?

= v2=u®+2as

* u = Initial Velocity
= v = Final Velocity

= t =Time

= a = Acceleration

= s = Displacement

Body Thrown Upwards
Equations can be obtained by substituting
=-gand s = h we get,

vV =u-gt
h =ut-%gt?
v2=u?-2gh

For the freely falling body; u=0,a=gand s
= h Now, the equations will be

v =gt
h =% gt?
v?=2gh

3.1.4 Uniform Circular Motion

= An athlete runs along the circumference of a
circular path. This type of motion.

Angular Displacement: 1t is the angle covered
by the line joining the body and the centre
of the circle (radius vector) when it moves
from one point to other in a circular path. It is

measured in radian.
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Angular Velocity

= The angular displacement in one second (rate
of change of angular displacement) is called
angular velocity.

Angular displacement

Time taken

Angular velocity =

® = 0; It is radian/second
= Relation between linear velocity and angular
velocity v=r ®

Types of Inertia

1. Inertia of rest: The resistance of a body to
change its state of rest is called inertia of
rest.

2. Inertia of motion: The resistance of a body
to change its state of motion is called inertia
of motion.

3. Inertia of direction: The resistance of a
body to change its direction of motion is
called inertia of direction.

Examples of Inertia

* An athlete runs some distance before jumping.
Because, this will help him jump longer and
higher. (Inertia of motion)

= When you make a sharp turn while driving
a car, you tend to lean sideways, (Inertia of
direction).

= When you vigorously shake the branches of a
tree, some of the leaves and fruits are detached
and they fall down, (Inertia of rest).

Linear Momentum
Linear momentum is a vector quantity.
Linear Momentum = Mass X Velocity
p=myv

3.2 NEWTON'’S LAWS OF MOTION
3.2.1 Newton’s First Law

= This law states that every body continues to
be in its state of rest or the state of uniform
motion along a straight line unless it is acted
upon by some external force.

The Inertia is of Three Types

1. Inertia of Rest: E.g.,, A person standing
in a bus falls backward when the bus
suddenly starts moving.

2. Inertia of Motion: E.g.,, When a passenger
gets down from a moving bus, he falls
down in the direction of the motion of the
bus.

3. Inertia of Direction: E.g., When a bus
moving along a straight line takes a turn
to the right, the passengers are thrown
towards left.

Momentum

e P=MV

e M = Mass

* V = Velocity; It is Vector Unit

Unit - kg m/s.

Force

= Force is an external effort in the form of push
or pull, which:

1. Produces or tries to produce the motion of
a static body.

2. Stops or tries to stop a moving body.

3. Changes or tries to change the direction of
motion of a moving body.

Force has both magnitude and direction. So, it

is a vector quantity.

Types of Forces
Based on the direction in which the forces act,
they can be classified into two types as:

1. Like Parallel Forces: Two or more forces of
equal or unequal magnitude acting along
the same direction, parallel to each other are
called like parallel forces.

2. Unlike Parallel Forces: If two or more equal
forces or unequal forces act along opposite
directions parallel to each other, then they
are called unlike parallel forces.

Resultant Force

= When several forces act simultaneously on the
same body, then the combined effect of the
multiple forces can be represented by a single
force, which is termed as ‘resultant force’.

= It is equal to the vector sum (adding the
magnitude of the forces with their direction)
of all the forces.

I = Water drops are spherical because of its surface tension

= Ball pen works on the principle of capillarity
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= If the resultant force of all the forces acting on
a body is equal to zero, then the body will be
in equilibrium. Such forces are called balanced
forces.

= If the resultant force is not equal to zero,
then it causes the motion of the body due to
unbalanced forces

* Examples: Drawing water from a well, force
applied with a crow bar, forces on a weight
balance, etc.

= A system can be brought to equilibrium by
applying another force, which is equal to the
resultant force in magnitude, but opposite in
direction. Such force is called as “Equilibrant’.

Moment of a Force

= The rotating or turning effect of a force about
a fixed point or fixed axis is called moment of
the force about that point or torque (7).

= It is measured by the product of the force (F)
and the perpendicular distance (d) between
the fixed point or the fixed axis and the line of
action of the force. t=F x d

= Torque is a vector quantity. It is acting along
the direction, perpendicular to the plane
containing the line of action of force and the
distance. Its SI unit is N m.

* Moment of a couple is measured by the
product of any one of the forces and the
perpendicular distance between the line of
action of two forces.

Moment of a couple = Force X
perpendicular distance between the line of
action of forces M =F xS

= The unit of moment of a couple is newton
metre (N m) in SI system and dyne cm in CGS
system.

3.2.2 Newton’s Second Law of Motion

= According to this law, “the force acting on
a body is directly proportional to the rate of
change of linear momentum of the body and
the change in momentum takes place in the
direction of the force”.

By Newton's second law of motion,
Force, F o< rate of change of momentum
F o< change in momentum/time

m(v-u
p_m(v-u)

t

Acceleration = change in velocity/time,
a = (v-u)/t. Hence, we have F=m x a
Force = mass x acceleration

Example:

= A constant force acts on an object of mass 10
kg for a duration of 4 s. It increases the objects
velocity from 2 to 8 ms™. Find the magnitude
of the applied force.

Solution:

Given, mass of the object m =10 kg
Initial velocity u =2 ms™

Final velocity v = 8 ms*, We know, force

_m{v-u)
ot
_ 10(8—2)=

F

F 15N

Units of Force: SI unit of force is newton (N)
and in C.G.S system its unit is dyne.

Unit Force: The amount of force required to
produce an acceleration of 1 m s in a body of
mass 1 kg is called “unit force’.

Gravitational Unit of Force: In the SI system
of units, gravitational unit of force is kilogram

force, represented by kg f. In the CGS system its
unit is gram force, represented by g f.

1kgf
lgf

=1kgx98ms?=98N;
=1g x 980 cm s =980 dyne

Impulse: A large force acting for a very short

interval of time is called as ‘Impulsive force’.

When a force F acts on a body for a period of

time t, then the product of force and time is

known as ‘impulse’ represented by ‘J’
Impulse, J=F x t

I = The potential energy stored in the spring does not depend on the ass that is attached to the

spring.
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= Impulse is also equal to the magnitude of
change in momentum. Its unit is kg m s* or N
s. Given amount of change in momentum can
be achieved in two ways. They are:

1. alarge force acting for a short period of time
and

2. asmaller force acting for a longer period of
time.

3.2.3 Newton’s Third Law of Motion

= Newton’s third law states that ‘for every
action, there is an equal and opposite action.
They always act on two different bodies’.

F,=-F,
Applications of Newton’s Third Law of
Motion
= Apparent loss of weight in a lift
= Working of a rocket and jet plane force

Centripetal Force: The constant force that
acts on the body along the radius towards the
centre and perpendicular to the velocity of the
body is known as centripetal force

2

F = my .. (Since v = rw)
r
F = mrw’

Examples

1. In the case of the stone tied to the end of a
string and rotated in a circular path,
the centripetal force is provided by the
tension in the string.

2. When a car takes a turn on the road, the
frictional force between the tyres and the
road provides the centripetal force.

3. In the case of planets revolving round the
sun or the moon revolving around the
earth, the centripetal force is provided by
the gravitational force of attraction between
them

4. For an electron revolving around the
nucleus in a circular path, the electrostatic
force of attraction between the electron
and the nucleus provides the necessary
centripetal force.

Centrifugal Force

» The force which is equal in magnitude but
opposite in direction to the centripetal force is
known as centrifugal force.

= E.g., While churning curd, butter goes to the
side due to centrifugal force.

Friction

= Whenever a body slides over another body, a
force comes into play between the two surfaces
in contact and this force is known as frictional
force.

= The frictional force always acts in the opposite
direction to that of the motion of the body.

» The frictional force depends on the normal
reaction. (Normal reaction is a perpendicular
reactional force that acts on the body at
the point of contact due to its own weight)
i.e., Frictional force o normal reaction Fo R (or)
F = pR where p is a proportionality constant
and is known as the coefficient of friction.

= The coefficient of friction depends on the
nature of the surface.

Mass

= Mass, in physics, quantitative measure of
inertia, a fundamental property of all matter.

= It is, in effect, the resistance that a body of
matter offers to a change in its speed or
position upon the application of a force.

= The greater the mass of a body, the smaller the
change produced by an applied force.

Gravitation: Newton concluded that all
objects in the universe attract each other. This
force of attraction between objects is called the
gravitational force.

Weight: Weight is the force which a given
mass feels due to the gravity at its place (or)
is a measure of how strongly gravity pulls on
that matter (Table 3.3).

3.2.4 Acceleration Due to Gravity

* The gravitational force experienced by the
GMm

body is F= = where M is the R* mass of

the earth. From Newton’s second law of
motion, Force, F = mg, Equating  the
above two forces,
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GMm
F = R = (F = mg)
GM
mg = e
GM

Therefore, g = =

Mass of Earth
= From the expression g- Gl:’[, the mass of the
Earth can be calculated as]i?ollows:

m=8%
M
6 )2
M- 98%(6.38x10°)
6.6x710

M =5.98x10%kg

Example:
= Mass of an object is 5 kg. What is its weight on
the earth?
Solution:
Mass, m = 5 kg Acceleration due to gravity, g
=98 ms?;, Weight, w=mx g
w=5kg*x98ms?=49N
Thus the weight of the object is, 49 N.
Example:
= Calculate the energy produced when 1 kg of

c=3x10°ms?E =1 x (3 x 10%)?
E=9x10%].

“In the absence of air, all bodies will
fall at the same rate”.

3.2.5 Elastic Behaviour of Materials

= A body regains its original shape and size after
the removal of deforming force, it is said to be
elastic and the property is called elasticity.

= The force which changes the size or shape of a
body is called a deforming force.

Plasticity

= If a body does not regain its original shape and
size after removal of the deforming force, it is
said to be a plastic body and the property is
called plasticity.

= Example: Glass

Stress and Strain

1. Stress: The force per unit area is called as
stress.
&t F Force F
ress, 0= F= =—
Area A
The SI unit of stress is N m™ or pascal (Pa)
and its dimension is [ML*'T?]. Stress is a
tensor.

2. Strain: Strain deals with the fractional
change in the size of the object, in other

substance is fully converted into energy. words, strain measures the degree of
Solution: deformation.
Energy produced, E = mc? Mass, . Change in size Al
m =1 kg Velocity of light, Strain, € = Original size 1
Table 3.3 Difference between Mass and Weights.
No Mass Weights
1. Fundamental Quantity Derived Quantity
2. It is the amount of matter contained in a It is the gravitational pull acting on the
body body

3. It’'s unit is kg

It is measured in newton

4. Remains the same

Varies from place to place

5. It is measured using physical balance

It is measured using spring balance
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e is a dimensionless quantity and has no unit.
Strain is classified into three types.
Elastic Limit: The maximum stress within
which the body regains its original size and
shape after the removal of deforming force is
called the elastic limit.

Bulk Modulus: Bulk modulus is defined as the
ratio of volume stress to the volume strain.
Bulk modulus,

e Normal (Perpendicular) stressor pressure

Volume strain

Poisson’s Ratio

= Poisson proposed a ratio, known as Poisson’s
ratio, which is defined as the ratio of relative
contraction (lateral strain) to relative
expansion (longitudinal strain). It is denoted

by the symbol p. Lateral strain

oisson sratio, p = I ;
P F Longitudinal strain

P 31 4 t' —_ _d/_D = E X i
oisson’s ratio, j1 = L 1D
Elastic Energy
W =1 Fl = Elastic potential energy
Energy per unit volume is called energy

1

density 1o Elastic potential energy EFZ
ensity, u = Volume AL
1F 1 = l(Stress X Strain)
2AL 2

3.2.6 Fluids

Pressure of a Fluid

» Pressure isglefined as the “force acting per unit
area’. P = A Pressure is a scalar quantity.

= It's S.I. unit and dimensions are N m™ or
pascal (Pa) and [ML'T?], respectively.

Density of a Fluid

* The density of a fluid is defined as its
mass per unit volume. For a fluid of mass
‘m’ occupying volume ‘V’, the density
p=m/v.

* The dimensions and S.I unit of p are [ML?]
and kg m? respectively. It is a positive scalar
quantity.

Application

= The atmospheric pressure at a place is the
gravitational force exerted by air above
that place per unit surface area. It changes
with height and weather conditions (i.e.
density of air). In fact, the atmospheric
pressure decreases with increasing
elevation.

* The decrease of atmospheric pressure with
altitude has an unwelcome consequence
in daily life.

= For example, it takes longer time to cook
at higher altitudes. Nose bleeding is
another common experience at higher
altitude because of larger difference in
atmospheric pressure and blood pressure.

= Its value on the surface of the Earth at sea
level is 1 atm.

Relative Density or Specific Gravity

= The relative density of a substance is defined
as the ratio of the density of a substance to the
density of water at 4 °C. It is a dimensionless
positive scalar quantity.

= For example, the density of mercury is 13.6 X
10°kg m=. Its relative density is equal to 13.6

Pascal’s law and its Applications

= Statement of Pascal’s law is If the pressure
a liquid is changed at a particular point, the
change is transmitted to the entire liquid
without being diminished in magnitude.

Buoyancy

= When a body is partially or fully immersed in
a fluid, it displaces a certain amount of fluid.
The displaced fluid exerts an upward force on
the body.

* The upward force exerted by a fluid that
opposes the weight of an immersed object in
a fluid is called upthrust or buoyant force and
the phenomenon is called buoyancy.

Archimedes Principle
= Upthrust or buoyant force = weight of liquid
displaced.

Law of Floatation
* The law of floatation states that a body will
float in a liquid if the weight of the liquid
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displaced by the immersed part of the body
equals the weight of the body.

Examples of floating bodies

1. A person can swim in sea water more easily
than in river water.

2. Ice floats on water.

3. The ship is made of steel but its interior is
Made hollow by giving it a concave shape.

3.2.7 Viscosity

= Property of amoving fluid to oppose the relative
motion between its layers is called viscosity.

Coefficient of Viscosity dv
F =— r] A_
dx
= Where the constant of proportionality 1 is
called the coefficient of viscosity of the liquid
and the negative sign implies that the force is
frictional and it opposes the relative motion.

= The dimensional formula for coefficient of
viscosity is ML™ T

Stoke’s Law and its Applications
F=6nnrv
* radius (r) of the sphere; velocity (v) of the
sphere and coefficient of viscosity 1 of the
liquid. This relation is known as Stoke’s law

Applications of Stoke’s Law
1. Floatation of clouds

2. Larger raindrops hurt us more than the
smaller ones

3. A man coming down with the help of
a parachute acquires constant terminal
velocity.

Poiseuille’s Equation
As per the theory,

= The flow of liquid through the tube is
streamlined.

= The tube is horizontal so that gravity does not
influence the flow.

* The layer in contact with the wall of the tube
is at rest.

= The pressure is uniform over any cross section
of the tube.

cere(?)
l
v=kn'r’ (?)
P\
V=
8nl

The above equation is known as Poiseuille’s
equation.

Applications of Viscosity
The importance of viscosity can be understood
from the following examples.

1. The oil used as a lubricant for heavy
machinery parts should have a high viscous
coefficient. To select a suitable lubricant, we
should know its viscosity and how it varies
with temperature
[Note: As temperature increases, the
viscosity of the liquid decreases]. Also, it
helps to choose oils with low viscosity used
in car engines (light machinery).

2. The highly viscous liquid is used to damp
the motion of some instruments and is used
as brake oil in hydraulic brakes.

3. Blood circulation through arteries and veins
depends upon the viscosity of fluids.

4. Millikan conducted the oil drop experiment
to determine the charge of an electron.
He used the knowledge of viscosity to
determine the charge.

3.2.8 Surface Tension

* The surface tension of a liquid is defined as the
energy per unit area of the surface of a liquid.
T=F/L

* The SI unit and dimensions of T are N m™ and
M T72, respectively.

Intermolecular Forces
= The molecules of a liquid are not rigidly fixed
like in a solid.

= A jet engine works under the principle of Law of conservation of Newton’s third law linear

momentum.

= When a body moves with uniform velocity its acceleration is zero.
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* They are free to move about. The force
between the like molecules which holds the
liquid together is called ‘cohesive force’.

= When the liquid is in contact with a solid, the
molecules of the these solid and liquid will
experience an attractive force which is called
‘adhesive force’.

Factors affecting the surface tension of a
liquid
1. The presence of any contamination or
impurities
2. The presence of dissolved substances
3. Electrification
4. Temperature

Surface Energy: excess energy per unit area of
the free surface of the liquid is called ‘surface
energy’.

Surface energy =

Work done in increasing the surface area

Increase insurface area

- : : 2 1
AA It is expressed in ] m? or Nm™.

Capillarity

= The property of surface tension gives rise to an
interesting phenomenon called capillarity The
rise of a liquid in a capillary tube is known as
capillarity.

Hlustrations of Capillarity

1. A blotting paper absorbs ink by capillary
action. The pores in the blotting paper act
as capillaries.

2. The oil in a lamp rises up the wick through
the narrow spaces between the threads of
the wick.

3. A sponge retains water due to capillary
action.

4. Walls get damped in rainy season due to
absorption of water by bricks.

Factors Affecting Surface Tension
= Impurities present in a liquid appreciably
affect surface tension.

= A highly soluble substance like salt increases
the surface tension whereas sparingly soluble
substances like soap decreases the surface
tension.

* The surface tension decreases with rise in
temperature.

» The temperature at which the surface tension
of a liquid becomes zero is called critical
temperature of the liquid.

Applications of Surface Tension

1. During stormy weather, oil is poured into
the sea around the ship. As the surface
tension of oil is less than that of water,
it spreads on water surface. Due to the
decrease in surface tension, the velocity of
the waves decreases. This reduces the wrath
of the waves on the ship.

2. Lubricating oils spread easily to all parts
because of their low surface tension.
Detergent action is due to the reduction
of surface tension of water when soap or
detergent is added to water.

3. Cotton dresses are preferred in summer
because cotton dresses have fine pores
which act as capillaries for the sweat.

3.2.9 Bernoulli's Theorem
= Streamline flow of a non-viscous and
incompressible liquid, the sum of the
pressure energy, kinetic energy and potential
energy per unit mass is a constant.
= This equation is known as Bernoulli’s equation
2

—+—+ gh = constant
p 2

Application of Bernoulli’s Theorem
1. Lift of an aircraft wing
2. Blowing of roofs
3. Bunsen burner
4. Motion of two parallel boats
Liquids
= Liquids flow from one place to another. They

have a definite volume. They take the shape of
the container.

= Liquids show very little change in volume even
when large compressive forces are applied.

= So we assume that liquids are incompressible.
Pressure at any point inside a liquid is
P = hpg. This shows that pressure increases
with depth.
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= When a body floats or immerses in a liquid,
the pressure on the bottom surface is more
than that the pressure on the top surface. Due
to the difference in pressure, an upward force
acts on the body.

= This upward force is called upthrust or
buoyant force. The buoyant force is equal to
the weight of the liquid displaced.

Density
* Density of a body is defined as the mass per
unit volume of the body.

2
L 3 A + gh = constant
p 2

* Unit of density is kg m=.

Relative Density (Specific Gravity)

= Relative density is defined as the ratio of
density of the body to the density of water. It
has no unit.

Density of the body
Density of water

Relative density =

Laws of Floatation

1. The weight of the floating body is equal to
the weight of the liquid displaced by it.

2. The centre of gravity of the floating body
and the centre of gravity of the liquid
displaced (centre of buoyancy) are in the
same vertical line. A ship made up of iron
floats in water. This is because the ship is
hollow and contains air.

3. The large space inside the ship enables it to
displace a volume of water much greater
than the actual volume of iron that was
used in the construction. So the weight of
water displaced is greater than the weight
of the ship.

Know more
* The density of air is 14 times greater than that
of hydrogen.

* The weight of a hydrogen filled balloon is
much less than the weight of the air it displaces.

= The difference between the two weights
gives the lifting power of the balloon. Thus a
hydrogen filled balloon flies high in the air.

= Submarines float on the surface of the water
and can also submerge below the surface of
the water.

* They have ballast tanks which can be filled
with sea water when the submarine wants to
submerge.

= When it wants to surface, the tanks are emptied
by blowing compressed air.

Hydrometers

= The laws of floatation are made use of in
the construction of hydrometers used for
the determination of the relative densities
of solids and liquids. There are two types of
hydrometers.

* The constant immersion hydrometer, in which
the weight of the hydrometer is adjusted to
make it sink to the same fixed mark in all liquids.

= The variable immersion hydrometer in
which the weight of the hydrometer remains
the same, but the depth to which it sinks in
different liquids vary A common hydrometer
used to test the purity of milk by noting its
specific gravity is called a Lactometer.

3.2.10 Energy

= Energy is defined as the capacity to do work.
In other words, work done is the manifestation
of energy.

= That is why work and energy have the same

dimension (ML2T"?).
Work < Energy

* The important aspect of energy is that for an
isolated system, the sum of all forms of energy
i.e., the total energy remains the same in any
process irrespective of whatever internal
changes may take place.

= The energy gap of diamond is 7ev.
= The path of a projective is parabola.

* This means that the energy disappearing in
one form reappears in another form. This is
known as the law of conservation of energy.
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Mechanical energy is classified into Two
Types

1. Kinetic Energy

2. Potential Energy

* The energy possessed by a body due to its
motion is called kinetic energy. The energy
possessed by the body by virtue of its position
is called potential energy.

The SI unit of energy is the same as that
of work done ie, N m (or) joule (J). The
dimension of energy is also the same as
that of work done. It is given by [ML2T?].
The other units of energy and their SI
equivalent values are given in Table.

Unit Equivalent in Joule
1 erg (CGS unit) 107]
1 electron volt (eV) | 1.6x1 0]
calorie (cal) 418°]
1 kilowatt hour .
(KWh) 3.6x10°]

1. Kinetic Energy

= Kinetic energy is the energy possessed by
a body by virtue of its motion. All moving
objects have kinetic energy.

Kinetic energy is measured by the amount
of work that the body can perform before it
comes to rest. The amount of work done by a
moving body depends both on the mass of the
body and the magnitude of its velocity.

A body which is not in motion does not have
kinetic energy.

Work-Kinetic Energy Theorem
* The work (W) done by the constant force (F)

for a displacement (s) in the same direction is,
W=TFs

The expression for kinetic energy
KE =% mv?

* The work done by the force on the body

changes the kinetic energy of the body. This is
called work-kinetic energy theorem.

The work-kinetic energy theorem implies
the following,.

1. If the work done by the force on the body
is positive then its kinetic energy increases.

2. If the work done by the force on the body is
negative then its kinetic energy decreases.

3. If there is no work done by the force on the
body then there is no change in its kinetic
energy, which means that the body has
moved at constant speed provided its mass
remains constant.

= Relation between Momentum and Kinetic

Energy

Its linear momentum is p=mv and its

1
kinetic energy, KE = EIIIV2

1 , 1 ——
= —mv =—m|((V.V
KE=5 > (v.v)

Table 3.4 Comparison of Conservative and Non-conservative Forces.

No Conservative forces Non-conservative forces
1 Work done is independent of the path Work done depends upon the path
2 Work done in a round trip is zero Work done in a round trip is not zero
3 Total energy remains constant Energy is dissipated as heat energy
4 Work done is completely recoverable Work done is not completely recoverable
5 EZiZitiisaikzlgfgg;tive gradient of No such relation exists.
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2. Potential Energy

* Defined as the amount of work done by an
external force in moving the object at constant
velocity from the point O (initial location) to
the point P (final location). At initial point O
potential energy can be taken as zero.

= Mathematically, potential energy is defined as
U= [F.dr
Potential Energy-displacement graph for a

spring
AKE=AU

Total energy

t

Kineticlenergy

Potentiallenergy

[s]
<€—— Displacement —»

3. Elastic Potential Energy

= The potential energy possessed by a spring
due to a deforming force which stretches or
compresses the spring is termed as elastic
potential energy.

* According Hooke’s law, the restoring force
developed in the spring is F, = _kx

3.2.11 Conservative and Non-
conservative Forces

Conservative Force

= A force is said to be a conservative force if the
work done by or against the force in moving
the body depends only on the initial and final
positions of the body and not on the nature of
the path followed between the initial and final
positions (Table 3.4).

dU
F =—
dx
Non-conservative Force
= A force is said to be non-conservative if the
work done by or against the force in moving

a body depends upon the path between the
initial and final positions.

1. Frictional forces are non-conservative forces
as the work done against friction depends
on the length of the path moved by the
body.

2. The force due to air resistance, viscous force
are also non-conservative forces as the work
done by or against these forces depends
upon the velocity of motion.

Law of Conservation of Energy: The law of
conservation of energy states that energy can
neither be created nor destroyed. It may be
transformed from one form to another but
the total energy of an isolated system remains
constant.

Motion in a Vertical Circle
There are two forces acting on the mass.

1. Gravitational force which acts downward

2. Tension along the string.

where, AR _% is tangential retardation
t

In the radial direction,

T-mg cos6=ma,
2

T—-mg cos6 =
VZ
where, a = — is the centripetal
acleleration.

3.2.12 Power

= Power is a measure of how fast or slow a work
is done. Power is defined as the rate of work
done or energy delivered.

work done (W)
time taken (t)
W

P=—
t

Power (P) =

Average Power: The average power (Pav) is
defined as the ratio of the total work done to
the total time taken.
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_ Total work done

av

" Total time taken

Unit of Power

= Power is a scalar quantity. Its dimension
is [ML2T-]. The SI unit of power is watt
(W),named after the inventor of the steam
engine James Watt.

* One watt is defined as the power when
one joule of work is done in one second,
AW=1]sM).

1hp =746 W

= Electricity bills are generated in units of kWh
for electrical energy consumption. 1 unit of
electrical energy is 1 kWh.

Relation between Power and Velocity

N v=0 or oy
dt dt
Instantaneous Power:
= The instantaneous power (Pinst) is defined
as the power delivered at an instant (as time
interval approaches zero),

_dw
inst dt

TNPSC PREVIOUS YEAR QUESTIONS

1. The source of solar energy is
(A) Fission
(B) Radiation
(C) Fusion
(D) Conduction
2. Which of the following are the members of
the solar system besides sun?
(A) Planets, Satellites, Asteroids & Stars
(B) Planets, Satellites, Asteroids & Comets
(C) Planets, Asteroids, Comets & Stars
(D) Planets, Satellites, Meteors & Stars
3. If gis the acceleration due to gravity and R is

the radius of the earth, then escape velocity
is given by the relation

AV, = 28
B)V, = 25
© V, =2gR
(D) V, = \2Rg

4. Raindrops assume spherical shape due to
(A) Gravitational Force
(B) Surface Tension
(C) Centrifugal Force
(D) Centripetal Force
5. A drop of water is spherical due to
(A) Surface Tension
(B) Low Pressure
(C) Air Resistance
(D) Viscosity of Water

6. The substance which undergoes the process
of sublimation is

(A) Wax (B) Ice
(C) Sugar (D) Iodine
7. Inertia of a body has direct dependence on
(A) Area
(B) Volume
(C) Mass
(D) Velocity
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8.

10.

11.

12.

When oil is poured on the surface of water
its surface tension

(A) Increases

(B) Decreases

(C)Remains constant

(D) Increases first and then decreases

A blotting paper absorbs ink because of
(B) Viscosity
(D) Capillary Action

(A) Surface Tension
(C) Cohesive Force

Match the following
List I List IT
(a) Moment of linear 1. Buoyancy
momentum
(b) Ability of free 2. Potential
Surface of a liquid
to minimize
its surface area
(c) Work done per unit 3. Surface
Tension
(d) Upward force 4. Angular
Experienced by Momentum
a Body when
wholly or partially
immersed In a
liquid
(A)4,1,2,3 (B)4,2,31
04,321 (D)4,1,3,2

Viscous force is directly proportional to

(A) Temperature gradient

(B) Mass gradient

(C) Velocity gradient

(D) Charge gradient

Choose the incorrect statement:

(A) In elastic collision, the relative velocity of
the two bodies has the same magnitude
before and after the collision.

(B) The reciprocal of bulk modulus is called
compressibility.

(C) Pressure has the same unit of stress.

(D) Moment of inertia is independent of the
choice of the axis.

13.

14.

15.

16.

17.

18.

The pressure on a swimmer 10 m below the

surface of the lake

1. Increases, 2. Decreases, 3. Does not

change

(A) 1 Alone is correct

(B) 2 Alone is correct

(C) Both 1 and 3 are correct

(D) Both 2 and 3 are correct

Consider the following statements and select

your answer:

1. Reciprocal of Young’'s modulus is

compressibility,

2. Reciprocal of viscosity is fluidity

(A) Both 1 and 2 are correct

(B) 1 False but 2 correct

(©) 1 Correct but 2 false

(D) Both 1 and 2 are incorrect

Choose which is incorrectly matched

(A) Surface tension - Nm!

(B) Linear density - Kg m™

(C) Angular Velocity - Rads™

(D) Pressure - Nm?

Assertion (A): A cricket player while catching

a ball lowers his hands in the direction of the

ball.

Reason (R): To increase the time of contact

between the ball and the hand.

(A) (A) and (R) are correct

(B) (A) is correct (R) is wrong

(C) (A) is wrong (R) is correct

(D) (A) is correct and (R) is the wrong
explanation of (A)

A body goes at 2 m/s towards north and

after 10 seconds at 2 m/s towards east. Its
acceleration is

(A) V2 ms? (B) 2/2 ms?

(©) 0.2¢/2 ms? (D) 2ms?

A motor boat is travelling with a speed of 30
ms™. If the force on its due to water is 500 N,
its power is
(A) 150 kW
(C) 15 kW

(B) 15 kW
(D) 1500 kW
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19.

20.

21.

22.

23.

The weight of a body is maximum at

(A) Pole of the Earth

(B) Equator of the Earth

(C) Centre of Earth

(D) Just above the Earth

The unit for solid angle is

(A) Radian

(B) Steradian

(C) Metre

(D) No unit

The path of a projectile is

(A) Ellipse

(B) Straight line

(C) Parabola

(D) Circle

Two trains travelling in opposite direction
cross each other in 20 sec. If the length of
both the trains are 300 m each and the speed
of one of them is 50 kmph, what would be
the speed of the other train?

(A) 27 kmph

(B) 72 kmph

(C) 58 kmph

(D) 50 kmph

A particle motion is given by distance-time
curve as shown in the figure. The maximum
instantaneous velocity of the particle is
around the point

A

(A) P
: (B)Q
o IR OR

(D)s

Q
Time >
ANSWER

24. The moments of inertia of the rods A, B and
C about their axis of symmetry respectively
are in the ratio
(A)1:2:3
(B)1:4:9
(©1:5:10
(D)1:1:1

25. The graph showing the velocity V of a steel

ball dropped in a tall jar containing glycerine
varying with time ‘t’ is

(A) (B)
VA 1%
vO Z]O e
¢ t
© (D)
VA
N iy
to f to t

26. Newton’'s third law is applicable to bodies
(A) At rest only
(B) In motion only
(C) Both at rest and in motion
(D) With same mass

27. One Horse Power (HP) is equal to

(A) 846 watts (B) 546 watts
(C) 946 watts (D) 746 watts

1 2 8 4 5 6 7

C B C B A

15 16 17 18 19 | 20 | 21

22 23 24 | 25 | 26 | 27

B A C C A B C




Chapter 4

Electricity

* A continuous and closed path of an electric current is called an electric circuit.

* Electric current is expressed by the amount of charge flowing through a particular area
of cross section of a conductor in unit time.

* The direction of electric current is taken as opposite to the direction of the flow of

electrons.

1= Qft

* The SI unit of electric charge is coulomb.

* This is equivalent to the charge contained in nearly 6 x 10" electrons.

4.1 ELECTRICITY

4.1.1 Electric Current

= The flow of electric charges constitute an
electric current.

= The positive and negative labels and sign for
electric changes were chosen by arbitrary by
Benjamin franklin.

= An electric current is measured by the amount
of electric charge moving per unit time at any
point in the circuit. The conventional symbol
for current is ‘T".

Cross section area

Unit of Electric Current
= The SI unit for measuring an electric current is
the ampere, which is the flow of electric charge
across a surface at the rate of one coulomb per
second.l=q /t
Where I = current (in Ampere - A)
q = charge (in coulomb - ¢)
t = time taken (in seconds - s)

Example:
If 30 coulomb of electric charge flows through
= 3 wire in two minutes, calculate the current in
the wire?

Solution: Given Charge (q) = 30 coulomb
Time (t) =2 min x 60s

=120s
Current I = q/t=30C/120s =0.25 A

Sources of Electric Current: An electric cell is
something that provides electricity to different
devices that are not fed directly or easily by
the supply of electricity.

Current Density
= The current density is defined as the current
per unit area of cross section of the conductor.

= Current density is a vector quantity. It is
expressed in Am?.

4.1.2 Ohm'’s Law

The law states that, at a constant temperature,
the steady current flowing through a conductor
is directly proportional to the potential difference
between two ends of the conductor.

s IaV o V=IR
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Resistance (R)

Resistance of a conductor is defined as the ratio
of potential difference across the conductor to
the current flowing through it.
The resistance of a conductor is directly
proportional to length inversely proportional
to area.
The unit of resistance is ohm (€2) The reciprocal
of resistance is conductance. Its unit is mho
(Q-1).

R=V/1

4.2 System of Resistors
4.2.1 Resistors in Series

The total potential difference across the
combination of resistors in series is equal to the
sum of potential difference across individual

resistors. That is,
R

R, R, R, R,
L AWM N MW MW

—V——V,——e—V———V—

V=V +V,+V,
Rs = R +R +R,

The resistance of the combination Rs is equal
to the sum of their individual resistances R,
R, R, and is thus greater than any individual
resistance.

Example:

Two resistances 18 Q and 6 Q are connected
to a 6 V battery in series. Calculate (a) the
total resistance of the circuit, (b) the current
through the circuit.

Solution:

(A) Given the resistance, R, =18 QR, =6 Q
The total resistance of the circuit

RS=R +R RS

=18Q+6Q=24Q.

(B) The potential difference across the two
terminals of the battery

V=6V
Now the current through the circuit,
I[=V/RS
=6V/24Q
=0.25 A.

4.2.2 Resistors in Parallel
= In parallel combination the potential difference

across each resistor is the same having a value
V.

= The total current I is equal to the sum of the

separate currents through each branch of the
combinatio.

A= R, ——
1L, AW
Rl
L. AR
R .

The Major Electric Power Stations in Tamilnadu.

Thermal Heat energy is converted Neyveli in Cuddalore District,

Stations into electrical energy. Ennore in Thiruvallur District.

Hydel power | Kinetic energy is converted into Mettur in Salem District, Papanasam in

stations electrical energy. Tirunelveli District..

Atomic Nuclear energy is converted Kalpakkam in Kanchipuram District,

power into mechanical energy and then Koodankulam in Tirunelveli District.

stations electrical energy.

Wind mills Kinetic energy is converted into Aralvaimozhi in Kanyakumari District
electrical energy. Kayatharu in Tirunelveli District.
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Glass, Mica, Amber, Quartz, Wood, Teflon,
Bakelite.

* In between these two classes of materials
lie the semiconductors. They are partially
conducting. The resistivity of semiconductor
is 10% — 10* Qm. E.g., Germanium, Silicon
(Table 4.1).

I=1+I,+1,+1,
1 1 1 1

+—+—
R, R,

R, R

= Thus the reciprocal of the equivalent resistance
of a group of resistance joined in parallel
is equal to the sum of the reciprocals of the
individual resistance.

Table 4.1 Electrical Resistivities at Room

Temperature.
Example: 3 Classification Material (@m)
= Three resistances having the values 5 Q, 10 Q,
30 Q are connected parallel with each other. Silver 1.6 x 10
Calculate the total circuit resistance. Copper 1.7 x 10
Solution: Conductors Aluminium | 2.7 x 10
Given, R =5Q;R,=10£; R, =30 Q Iron 10 x 108
These resistances are connected parallel
therefore, Semiconductors Germanium | 0.46
1 _1 N 1 N 1 Silicon 2300
R, R R, R Glass 100 - 10%
1 1 1 1 10 Wood 108 - 10
R, 5710730 30 Insulafge Quartz 10%
10 Rubber 1013 - 10t
R, =—=3Q

30

4.2.3 Classification of Materials in
Terms of Resistivity

* The resistivity of a material is the
characteristic of that particular material.
The materials can be broadly classified into
conductors and insulators. The metals and
alloys which have low resistivity of the order
of 10° - 10® Qm are good conductors of
electricity.

4.2.4 Carbon Resistors

= Carbon resistor consists of a ceramic core,
on which a thin layer of crystalline carbon is
deposited. These resistors are cheaper, stable
and small in size (Table 4.2).

4.2.4 Kirchoff’'s Law

1. Kirchoff’s First Law (Current Law)

2. Kirchoff’s Second Law (Voltage Law)
* They carry current without appreciable loss 1, Kirchoff’s First Law (Current Law)
of energy. E.g., Silver, Aluminium, Copper,
Iron, Tungsten, Nichrome, Manganin, and
Constantan.

= The resistivity of metals increase with increase
in temperature. Insulators are substances
which have very high resistivity of the order of
10® - 10" Qm.

* They offer very high resistance to the flow of
current and are termed non- conductors. E.g.,

= Gas lighters work on the basic principle of Piezo-electric effect.
= Transformers are used to step up or step down AC voltage.
= The heating element in an electric stove is made of Nichrome.
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= Kirchoff’s current law states that the algebraic
sum of the currents meeting at any junction in
a circuit is zero.

= The sum of the currents entering the junction
is equal to the sum of the currents leaving the
junction.

Table 4.2 Colour code for carbon

resistors.
Colour Number
Black 0
Brown 1
Red 2
Orange 3
Yellow 4
Green 5
Blue 6
Violet 7
Grey 8
White 9
2. Kirchoff’s Second Law (Voltage Law)
A Lnw__B C
R L L
R, R,
= E=T, E T,
T w1 mww T
F R LE R L

= Kirchoff’s voltage law states that the algebraic
sum of the products of resistance and current
in each part of any closed circuit is equal to the
algebraic sum of the emf’s in that closed circuit.
This law is a consequence of conservation of
energy.

Wheatstone’s Bridge: Animportant application
of Kirchoff’s law is the Wheatstone’s bridge.

0| %

£
Q

Metre Bridge: Metre bridge is one form of
Wheatstone’s bridge.

Determination of Specific Resistance: The
specific resistance of the material of a wire
is determined by knowing the resistance (P),
radius (r) and length (L) of the wire using the
expression

p = Par’/L
4.2.5 Joules Law of Heating

* Consider a current (I) flowing through a
resistor of resistance R. Let the potential
difference across it be V.

P=V(Q/t)=VI;, H=VIt
= Applying Ohm’s law we get H = I2Rt. This is
known as Joule’s law of heating.

The law implies that heat produced in a
resistor is

1. Directly proportional to the square of
current for a given resistance,
2. Directly proportional to the resistance for a
given current, and
3. Directly proportional to the time for which
the current flows through the resistor.
Some Applications of Joule Heating

1. Electric Heating Device: Electric iron,
electric heater, electric toaster are some of
the appliances that work on the principle
of heating effect of current. In these
appliances, Nichrome which is an alloy
of nickel and chromium is used as the
heating element for the following reasons.

1. It has high specific resistance
2. It has high melting point
3. Itis not easily oxidized

2. Fuse Wire: Fuse wire is an alloy of lead
37% and tin 63%. It is connected in series

I Domestic Electric Circuifs: In our country, the potential differences between the two are 220 V.
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in an electric circuit. It has high resistance
and low melting point.

3. Electric Bulb: Electric arc and electric
welding also work on the principle of
heating effect of current.

Example:

A potential difference 20 V is applied across
a 4 Q resistor. Find the rate of production of
heat.

Solution:

Given potential difference, V=20V

Resistance, R=4 Q, time, t=1s

According to ohm’s law,
I=V/RI=20V/4Q=5A

The rate of production of heat,
H=TIRt

H=5x4x1 H=100].

Role of Fuse: A common application of
Joule’s heating is the fuse used in electric
circuits.

4.3 SUPER CONDUCTIVITY

The ability of certain metals, their compounds
and alloys to conduct electricity with zero
resistance at very low temperatures is called
superconductivity.

The materials which exhibit this property are
called super conductors.

The temperature at which electrical resistivity
of the material suddenly drops to zero and
the material changes from normal conductor
to a superconductor is called the transition
temperature or critical temperature T€.

At the transition temperature the following
changes are observed

1. The electrical resistivity drops to zero.
2. The conductivity becomes infinity

3. The magnetic flux lines are excluded from
the material.

4.3.1 Applications of Superconductors

Superconductors form the basis of energy
saving power systems, namely the super
conducting generators, which are smaller
in size and weight, in comparison with
conventional generators.

Super conducting magnets have been used
to levitate trains above its rails. They can be
driven at high speed with minimal expenditure
of energy.

Super conducting magnetic propulsion
systems may be used to launch satellites into
orbits directly from the earth without the use
of rockets.

High efficiency ore-separating machines may
be built using super conducting magnets
which can be used to separate tumor cells
from healthy cells by high gradient magnetic
separation method.

Since, the current in a super conducting wire
can flow without any change in magnitude,
it can be used for transmission lines.
Superconductors can be used as memory or
storage elements in computers.

4.3.2 Electric Potential and Potential
Difference
= We define the electric potential difference

between two points in an electric circuit
carrying current as the work done to move a
unit charge from one point to the other.

The SI Unit of potential difference is volt (V).
V=WAQ

1 volt =1 joule/1 coulomb

One volt is the potential difference between
two points in a current carrying conductor
when 1 joule of work is done to move a charge
of 1 coulomb from one point to the other.

Potentiometer: The Potentiometer is an
instrument used for the measurement of
potential difference.

Example:
= How much work is done in moving a charge

of 5 C across two points having a potential
difference 10 V?

Solution:

Given charge, Q=5C

Potential difference, V=10V

The amount of work done in moving the
charge, W=V xQ

W=10V x5C .. W=50].
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Example:

= The potential difference between the terminals
of an electric heater is 60 V when it draws a
current of 5 A from the source. What current
will the heater draw if the potential difference
is increased to 120 V?

Solution:

Given the potential difference, V = 60 V
Current, I =5 A, According to ohm’s law,
R=V/I=60V/5A=12Q

When the potential difference is increased
to 120 V, the current is given by
I=V/R=120V/12Q =10 A.

4.3.3 Tangent Galvanometer

= Tangent galvanometer is a device used
for measuring current. Since the tangent
galvanometer is most sensitive at a deflection
of 45°, the deflection has to be adjusted to be
between 30° and 60°.

Cyclotron: Cyclotron is a device used to
accelerate charged particles to high energies. It
was devised by Lawrence. Force on a current
carrying conductor placed in a magnetic field.

F=TIxB

Pointer Type Moving Coil Galvanometer:
The suspended coil galvanometers are very
sensitive. They can measure current of the
order of 10® ampere.

Conversion of Galvanometer into an

Ammeter

* A galvanometer is a device used to detect
the flow of current in an electrical circuit.
However, a galvanometer is converted into
an ammeter by connecting a low resistance in
parallel with it.

= As a result, when large current flows in a
circuit, only a small fraction of the current
passes through the galvanometer and the
remaining larger portion of the current passes
through the low resistance.

= The low resistance connected in parallel with
the galvanometer is called shunt resistance.

o M
2ra

* The scale is marked in ampere. R_is very low
and this explains why an ammeter should be
connected in series.

= When connected in series, the ammeter does
not appreciably change the resistance and
current in the circuit. Hence an ideal ammeter
is one which has zero resistance.

Conversion of Galvanometer into a Voltmeter

* A galvanometer can be converted into a
voltmeter by connecting a high resistance in
series with it. The scale is calibrated in volt.

* Rv is very large, and hence a voltmeter is
connected in parallel in a circuit as it draws the
least current from the circuit.

Bohr Magneton: The value of eh/4;1m is called
Bohr magneton.By substituting the values
of e, h and m, the value of Bohr magneton is
found to be 9.27 x 102 Am2

Electric Cells: The starting point to the
development of electric cells is the classic
experiment by Luige Galvani and his wife
Lucia on a dissected frog hung from iron
railings with brass hooks.

Voltaic Cell: The simple cell or voltaic cell
consists of two electrodes, one of copper and
the other of zinc dipped in a solution of dilute
sulphuric acid in a glass vessel.

= Anode : Copper (Cu)
= Cathode : Zinc (Zn)

* Potential Difference :1.08V

* Electrolyte : H,SO,

4.3.4 Types of Cell

1. Primary Cell

* The dry cell commonly used in torches is
an example of a primary cell. It cannot be
recharged after use.

* The potential difference between any two points in the circuit is the amount of energy
needed to move one unit of electric charge from one point to the other.
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Primary Cell: The cells from which the electric
energy is derived by irreversible chemical
actions are called primary cells.

Daniel Cell: Daniel cell is a primary cell which
cannot supply steady current for a long time.

Leclanche Cell: The emf of the cell is about 1.5
V, and it can supply a current of 0.25 A.

Anode : Carbon rod
Cathode : Zinc rod
Electrolyte  : Ammonium chloride

2. Secondary Cells

Secondary cells are used in automobiles and
generators. The chemical reaction in them
can be reversed, hence they can be recharged
(Table 4.3).

Lithium cylindrical cells, button cells and
alkaline cells are the other types that are in use.

Anode : Lead
Cathode : Lead Oxide
Electrolyte  :HSO,

The advantage of secondary cells is that they
are rechargeable.

The chemical process of obtaining current
from a secondary cell is called discharge.

Primary Cell - Simply Dry Cell

It was developed in 1887 by Yei Sakizo of
Japan. Dry cells are normaly used in small
devices such as remote control for T.V., torch,
camera and toys.

Batteries

Batteries are a collection of one or more cells
whose chemical reactions create a flow of
electrons in a circuit.

All batteries are made up of three basic
components: an anode (the ‘+" side), a cathode
(the - side), and some kind of electrolyte.
Electrolyte is a substance that chemically
reacts with the anode and cathode.

4.3.5 Thomson Effect

Thomson suggested that when a current flows
through unequally heated conductors, heat
energy is absorbed or evolved throughout the
body of the metal.

Positive Thomson effect is observed in the case
of Sb, Ag, Zn, Cd, etc.

Negative Thomson effect is observed in the
case of Pt, Bi, Co, Ni, Hg, etc. In the case of
lead, Thomson effect is nil.

Thomson Co-Efficient (c)

The amount of heat energy absorbed or
evolved when one ampere current flows for
one second (one coulomb) in a metal between
two points which differ in temperature by 1°C
is called Thomson coefficient. It is denoted by
o. It's unit is volt per °C.

Seebeck Effect

In 1821, German Physicist Thomas Johann See
beck discovered that in a circuit consisting of
two dissimilar metals like iron and copper,
an emf is developed when the junctions are
maintained at different temperatures.

Table 4.3 Difference between Primary Cell and Secondary Cell.

Primary Cell

Secondary Cell

= The chemical reaction inside the primary
cell is irreversible

The chemical reaction inside the secondary
cell is reversible

= It cannot be recharged.

It can be recharged

= Examples of secondary cells are lead
accumulator, Edison accumulator and
Nickel - Iron accumulator.

It is used to operate devices such as mobile
phones, cameras, computers and emergency

lights.

= Examples- simple voltalic cell, Daniel cell,
and lechlanche cell and dry cell.

Examples of secondary cells are lead
accumulator,
Nickel - Iron accumulator.

Edison accumulator and
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= Two dissimilar metals connected to form two
junctions is called thermocouple. The emf
developed in the circuit is thermo electric emf.

= The current through the circuit is called
thermoelectric current. This effect is called
thermoelectric effect or Seebeck effect.

4.3.6 Peliier Effect

= In 1834, a French scientist Peltier discovered
that when electric current is passed through
a circuit consisting of two dissimilar metals,
heat is evolved at one junction and absorbed
at the other junction.

= This is called Peltier effect. Peltier effect is the
converse of Seebeck effect.

Peltier Co-Efficient (i)

= Theamountof heatenergy absorbed or evolved
at one of the junctions of a thermocouple when
one ampere current flows for one second (one
coulomb) is called Peltier coefficient.

= It is denoted by =. Its unit is volt.

4.4 EFFECTS OF CURRENT

1. Chemical Effect of Current

* When electric current is passed through a
conducing solution, some chemical reactions
take place in the solution.

= This chemical reactions produce electrons
which conduct electricity. This is called
chemical effect of electric current.

= The passage of an electric current through
a liquid causes chemical changes and this
process is called electrolysis.

= The conduction is possible, only in liquids
wherein charged ions can be dissociated in
opposite directions. Such liquids are called
electrolytes.

= The plates through which current enters and
leaves an electrolyte are known as electrodes.

* The electrode towards which positive ions
travel is called the cathode and the other,
towards which negativeions travel is called
anode.

2. Heating Effect of Current

= When electric current passes through a
conductor, there is a considerable ‘friction’
between the moving electrons and the

molecules of the conductor. During this
process, electrical energy is transformed to
heat energy.

= This is known as heating effect of electric
current. The heat produced depends on the
amount of resistance offered by the wire.

Electroplating

= Electroplating is one of the most common
applications of chemical effects of electric
current.

= The process of depositing a layer of one
metal over the surface of another metal
by passing electric current in called
electroplating.

3. Fuse

* Fuse is a strip of alloy wire which is made up
of lead and tin with a very low melting point.
This can be connected to the circuit. The fuse
is usually designed to take specific amount of
current.

* When current passing through the wire
exceeds the maximum limit, it gets heated up.

* Due to low melting point it melts quickly
disconnecting the circuit. This prevents
damage to the appliances.

4. Electric Cookers: Electric cookers turn red-
hot when electric current is passed through the
coil. The heat energy produced is absorbed by
the cooking pot through conduction.

5. Electric Kettles: The heating element is placed
at the bottom of the kettle which contains water.
The heat is then absorbed by the liquid and
distributed throughout the liquid by convection.

6. Electric Irons: When current flows through
the heating element, the heat energy developed
is conducted to the heavy metal base, raising its
temperature. This energy is then used to press
clothes.

4.4.1 Magnetic Effect of Current

= In 1820, Danish Physicist, Hans Christian
Oersted observed that current through a wire
caused a deflection in a nearby magnetic
needle. This indicates that magnetic field is
associated with a current carrying conductor.
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= Magnetic induction due to infinitely long
straight conductor carrying current

B /’lOI

2ra

= If the conductor is placed in a medium of
permeability, p.

SOLIDS

= Solids is a state of matter which has a
definite shape and a definite volume
the characteristic properties of the solid
depends upon the nature of forces acting
between their constituent particles i.e ions,
atoms or molecules.

SEMICONDUCTORS

= It has been observed that certain materials
like germanium silicon etc, have resistivity
between good conductors like copper and
insulators like glass. These materials are
known as semiconductors.

= A material which has resistivity between
conductors and insulators is known as
semiconductor.

= The resistivity of a semi conductor
lies approximately between 102 and
104 Q m at room temperature.

4.4.2 Energy band in Solids

1. Conductors
In conductors there is no forbidden energy
band. The valence band and the conduction
band overlap. Hence electrons from the valence
band can easily pass into the conduction band.

2. Insulators

= In insulators, the valence band and the
conduction band are separated by an energy
Eg called the forbidden band.

= An electron in a crystal lattice cannot have an
energy which lies in this region.

» If E_is large, an applied electric field cannot
giveenoughenergy toanelectronin the valence
hand to enable it to enter the conduction band.

* Hence the valence electron will not be
freed and no current will flow. Thus

materials having a large band gap are
insulators. For example in diamond
E =9eV.

3. Semiconductors

= In semiconductor the energy gap E_ is much
smaller then a insulators typicaﬁy about
leV.

* Hence, electrons in the valence band may
acquired thermal energy to pass on into
conduction band. Such materials can therefore,
carry an electric current but not as easily as a
conductor.

* They are called semiconductors. The best
know examples are silicon. (E, = 1.17 eV) and
germanium (E = .74 eV).

a. Intrinsic Semiconductors

* A pure semiconductor which is free
from every impurity is called intrinsic
semiconductor germanium (Ge) and silicon
(Si) are the important examples of intrinsic
semiconductors.

In intrinsic semiconductor
Ne = n =n,

= Where Ne, n, are number density of electron
in conduction band and number density of
holes in valence band n, is the number density
of intrinsic carries in a pure semiconductor.

Doping

= It is process of deliberate addition of desirable
impurity to a pure semiconductor to modify
its properties in a controlled manner.

= The impurity atoms added are called dopants.
The impurity added may be =1 in 10" atoms

b. Extrinsic Semiconductor

= A dopped semiconductor or a
semiconductor with suitable impurity atoms
added to it is called extrinsic semiconductor.
Extrinsic semiconductor’s are two types.

1. N-Type Semiconductor

= When a pure semiconductor of Ge or Si is
doped with a controlled amount of pentavalent
atoms, say arsenic or phosphorus or antimony
or bismuth we get N-type semiconductor or
donar type semiconductor.
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= Itis called N-type semiconductor, because the
conduction of electricity in such semiconductor
is due to motion of Electrons or N-type
carriers it called donar type because the doped
impurity atom donates one free electron to
semiconductor for conduction.

2. P-Type Semiconductor

* When a pure semiconductor of Ge or Si
doped with a controlled amount of trivalent
atoms. Say indium or boron or aluminium,
we get P-type semiconductor or acceptor type
semiconductor .

= It is called P-type because the conduction
of electricity in such semiconductors is due
to motion of holes it is called acceptor type
because the doped impurity atom creates
a hole in semiconductor which accepts the
electron resulting conduction in P-type
semiconductor.

Electrical Conductivity of Semiconductor (c)

= Electrical conductivity of semiconductor (o) is
the reciprocal of its resistivity (p) and given by
c

Vp=em, ptn, 1)

* Where n _p, the number density of electrons
and holes and are n p_the mobility of electrons
and holes in given semiconductors.

4.4.3 Amplifier

= It is a circuit capable or magnifying the

amplitude of electric signals. Resistors,
inductors and transformers are passive
components.

= Active devices are the key components of any
amplifier.

= The ratio of the amplitude of the output
voltage and the amplitude of the input voltage
is voltage gain.

Power gain = Voltage gain x Current gain

Current gain B = %VCE
Voltage gain (AV) = Bzi

i

_BR,
Z.

1 1

Power gain = fx —*+

PR,
Z.

Amplifier having two or more stages are called
cascade amplifiers.

Types of Cascade Ampilifiers

= RC-Coupled amplifier

= LC-Coupled amplifier

= Transformer coupled amplifier

* Lower and upper cut off frequencies given of
the amplifier = 1/+2 times of mid frequency

* Bandwidth of the amplifier = f, - f,
* f, = Upper cut-off frequency

* f, = Lower cut-off frequency.
Feed Back of Amplifiers

* When a fraction of the output signal is feed
back to the input signal of the amplifier.

* The feed back may be +ve or -ve.
= +ve feed back is used for oscillator currents

= —ve feed back is used to improve all over the
performance of an amplifier.

* Positive feedback voltage gain
A, = A/(1- BA)
= Negative feedback voltage gain

Af=A/(1+ BA); A = voltage gain without feed
back; o = feedback fraction

= The feedback network consists of positive
components like resistors inductors and
capacitors.

Oscillator

= An oscillator is device producing alternative
oscillations by consuming DC Energy, Two
important conditions for the oscillator are

* The feedback must be positive
* The feedback factor p(A) =1

* Oscillators are used to provide the proper
wave terms for operations and testing
electronic circuit. Essential component of the
oscillator are

¢ Tank Circuit

* Transistor Amplifier
* Feed Back Circuit
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Resonant frequency of an oscillator

L-Inductance; C-V Capacitor.
4.5 LOGIC GATES

* A gate ia an electronic circuit which makes

logic decisions

= The basic gates are AND, OR and NOT gates:

Input Output Input Output
A | B ©) A | B (@]
010 1 010 1

0] 1 0 0|1 1
110 0 110 1
1|1 1 1|1 0

4.5.2 Three Type of ICs are
= Monolithic IC

= Thick and thin film IC
= Hybrid (or) multichip IC

* On the basic of application IC’s are classified
as (i) Linear IC (ii) Digital IC.

1. Linear IC: The input-output relationship

AND Input Output
A | B C
AT oo ©
B 0o 0
0 1 0
1 0 0
1 1 1
OR Input Output
A | B ©
A out
0 1 0
1 0 0
1 1 1
NOT Input Output
A ©
A*DO—out 0 1
1 0

* NAND and NOR gates are called universal
gates. Combination of OR and NOT gate is
called NOR gate.

4.5.1 Integrated Chips

* An integrated circuit is a complete electronic
circuit in which both active and passive
components are fabricated on an extremely
single tiny chip of silicon.

is linear which is used in signal processing
circuits in communication electronics and
in hi-fi equipment.

Digital IC: Which are used in calculations,
computers and other electronic counting
circuit. Small size, small weight low
power consumption lower cost, high
reliability and easy replacement.

Drawbacks of IC's
1. Coils or inductor cannot be fabricated in

ICs.

. ICs works at fairly low voltages.
. High power ICs cannot be produced ICs

cannot repaired

4. 1Cs are quite delicate and cannot withstand
rough handling and excessive heat
(Table 4.4).

Logic . g
S +ve Logic -ve Logic

ON (or) Off (or) Low

1 High (or) ) Fal
True (or) False
Off (or) Low ON (or)

0 High (or)
(or) False

True
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MAGNETISM

= The word magnetism is derived from iron
ore magnetite (Fe,O,), which was found in
the island of magnesia in Greece.

= Gilbert who laid the foundation for
magnetism and had suggested that Earth
itself behaves as a giant bar magnet.

= The field at the surface of the Earth is
approximately 10* T and the field extends
upto a height of nearly five times the
radius of the Earth.

4.6 BASIC PROPERTIES OF MAGNETS

1. When the magnet is dipped in iron filings,
they cling to the ends of the magnet. The
attraction is maximum at the two ends of
the magnet. These ends are called poles of
the magnet.

. When a magnet is freely suspended, it

always points along north-south direction.
The pole pointing towards geographic
north is called North pole (N) and the pole
which points towards geographic south is
called South pole (S).

. Magnetic poles always exist in pairs. i.e.,

isolated magnetic pole does not exist.

. The magnetic length of a magnet is always

less than its geometric length, because the
poles are situated a little inwards from the
free ends of the magnet. But for the purpose
of calculation the geometric length is always
taken as magnetic length.

. Like poles repel each other and unlike

poles attract each other. North pole of a
magnet when brought near north pole of
another magnet, we can observe repulsion,
but when the north pole of one magnet is
brought near south pole of another magnet,
we observe attraction.

Table 4.4 Symbols of some Components of a Circuit.

Component

Use of the Component

Symbol Used

Resistor

Used to fi x the magnitude of the current
through a circuit

Variable resistor or
Rheostat

Used to select the magnitude of the current
through a circuit.

PORH;

Ammeter Used to measure the current.

Voltmeter Used to measure the potential difference.

Galvanometer Used to indicate the direction of current.

A diode i iiicg)iirhcalsa ;e;rsi.ous uses, which you will study A?f)de_»I_ Coc
Light Emitting A LED has various uses which you will study in ff

Diode (LED)

higher classes.

Anode Cathode

Ground connection

Used to provide protection to the electrical
components. It also serves as a reference point
to measure the electric potential.

Y
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6. The force of attraction or repulsion between
two magnetic poles is given by Coulomb’s
inverse square law.

Note: In recent days, the concept of magnetic
poles has been completely changed. The origin
of magnetism is traced only due to the flow of
current. But anyhow, we have retained the
conventional idea of magnetic poles in this
chapter. Pole strength is denoted by M and its
unit is ampere metre.

4.6.1 Causes of the Earth’s Magnetism

= The exact cause of the Earth’s magnetism is
not known even today.

* However, some important factors which may
be the cause of Earth’s magnetism are:

1. Magnetic masses in the Earth.
2. Electric currents in the Earth.

3. Electric currents in the upper regions of
the atmosphere.

4. Radiations from the Sun.

5. Action of moon etc.
= However, it is believed that the Earth’s
magnetic field is due to the molten charged
metallic fluid inside the Earth’s surface with a
core of radius about 3500 km compared to the
Earth’s radius of 6400 km.

Magnetic Moment: The magnetic moment of
a magnet is defined as the product of the pole
strength and the distance between the two
poles. Magnetic moment is a vector quantity.
It is denoted by M. Its unit is Am? Its direction
is from south pole to north pole.

Magnetic Field: Magnetic field is the space in
which a magnetic pole experiences a force or
it is the space around a magnet in which the
influence of the magnet is felt.

Magnetic Induction: Magnetic induction is the
fundamental character of a magnetic field at a
point. It is a vector quantity. It is also called as
magnetic flux density.

4.6.2 Magnetic Field Lines

Magnetic Flux
= Magnetic flux is the number of magnetic field
lines passing through a given area.

= It is denoted by ¢ and its unit is weber (Wb).

* The number of magnetic field lines crossing
unit area kept normal to the direction of field
lines is called magnetic flux density.

= Its unitis Wb/ m2

Properties of Magnetic Lines of Force

1. Magnetic lines of forces are closed
continuous curves, extending through the
body of the magnet.

2. The direction of line of force is from north
pole to south pole outside the magnet while
it is from south pole to north pole inside the
magnet.

3. The tangent to the magnetic line of force at
any point gives the direction of magnetic
field at that point. i.e., it gives the direction
of magnetic induction (—B) at that point.

4. They never intersect each other.

5. They crowd where the magnetic field is

strong and thin out where the field is weak.
6. They will be maximum at the poles than at
the equator.

Magnetic Flux and Magnetic Flux Density

= The number of magnetic lines of force passing
through an area A is called magnetic flux. It
is denoted by ¢. Its unit is weber. It is a scalar
quantity.

Tangent Law

* A magnetic needle suspended, at a point
where there are two crossed magnetic fields
acting at right angles to each other, will come
to rest in the direction of the resultant of the
two fields B, = B, tan 6.

Magnetic Properties of Materials

= Classifying the materials depending on their
magnetic behaviour Magnetising field or
magnetic intensity.

* The magnetic field used to magnetise a
material is called the Magnetising field. It is
denoted by H and its unit is Am™.

Magnetic Permeability: Magnetic permeability
is the ability of the material to allow the passage
of magnetic lines of force through it.
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Intensity of Magnetization: Intensity of
magnetisation of a magnetic material is defined
as the magnetic moment per unit volume of the
material.

I=M/V; Its unitis Am?!

Magnetic Induction

= When a soft iron bar is placed in a uniform
magnetising field H, the magnetic induction
inside the specimen B is equal to the sum
of the magnetic induction Bo produced in
vacuum due to the magnetising field and the
magnetic induction Bm due to the induced
magnetisation of the specimen.

B=p (H+I)

Magnetic Susceptibility: Susceptibility of a
magnetic material is defined as the ratio of
intensity of magnetisation I induced in the
material to the magnetising field H in which the
material is placed.

4.6.3 Classification of Magnetic
Materials
* On the basis of the behaviour of materials in a
magnetising field, the materials are generally
classified into three categories namely,
1. Diamagnetic,
2. Paramagnetic and
3. Ferromagnetic.
1. Properties of Diamagnetic Substances
* Diamagnetic substances are those in which the
net magnetic moment of atoms is zero.
1. The susceptibility has a low negative value.
2. (For e.g., for bismuth ym = -0.00017).
3. Susceptibility is
temperature.

independent of

4. The relative permeability is slightly less
than one.

5. When placed in a non uniform magnetic
field they have a tendency to move away
from the field. i.e., from the stronger part
to the weaker part of the field. They get
magnetized in a direction opposite to the
field as shown.

6. When suspended freely in a uniform
magnetic field, they set themselves
perpendicular to the direction of the
magnetic field.

E.g., Bi, Sb, Cu, Au, Hg, H,O, H, etc.

2. Properties of Paramagnetic Substances

= Paramagnetic substances are those in which
each atom or molecule has a net non-zero
magnetic moment of its own.

1. Susceptibility has a low positive value.

2. Susceptibility is inversely proportional
to absolute temperature ie, X x 1/T.
As the temperature increases susceptibility
decreases.

3. The relative permeability is greater than
one.

4. When placed in a non uniform magnetic
field, they have a tendency to move from
weaker part to the stronger part of the field.
They get magnetised in the direction of the
field When suspended freely in a uniform
magnetic field, they set themselves parallel
to the direction of magnetic field. E.g., Al,
Pt, Cr, Oz, Mn, CuSO, etc.

3. Properties of Ferromagnetic Substances

= Ferromagnetic substances are those in
which each atom or molecule has a strong
spontaneous net magnetic moment.

= These substances exhibit strong paramagnetic
properties.

1. The susceptibility and relative permeability
are very large. (For e.g., pr for iron =
200,000).

2. Susceptibility is inversely proportional
to the absolute temperature X x 1/T As
the temperature increases the value of
susceptibility decreases. At a particular
temperature,  ferromagnetics = become
paramagnetics. This transition temperature
is called curie temperature. For example
curie temperature of iron is about 1000 K.

3. When suspended freely in uniform
magnetic field, they set themselves parallel
to the direction of magnetic field.

4. When placed in a non uniform magnetic
field, they have a tendency to move from
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the weaker part to the stronger part of the
field. They get strongly magnetised in the
direction of the field. E.g., Fe, Ni, Co and a
number of their alloys.

Uses of Ferromagnetic Materials Permanent

Magnets

* The ideal material for making permanent
magnets should possess high retentivity
(residual magnetism) and high coercivity so
that the magnetisation lasts for a longer time.

= Examples of such substances are steel and
alnico (an alloy of Al, Ni and Co).

Electromagnets

* Material used for making an electromagnet
has to undergo cyclic changes least hysteresis
loss high values of magnetic induction B at
low values of magnetising field H.

* Soft iron is preferred for making
electromagnets as it has a thin hysteresis loop
and low retentively.

Core of the Transformer

= A material used for making transformer core
and choke is subjected to cyclic changes very
rapidly.

Magnetic Tapes and Memory Store

= Magnetisation of a magnet depends not only
on the magnetizing field but also on the cycle
of magnetisation it has undergone.

= Thus, the value of magnetisation of the
specimen is a record of the cycles of
magnetisation it has undergone. Therefore,
such a system can act as a device for storing
memory.

= Ferro magnetic materials are used for coating
magnetic tapes in a cassette player and
for building a memory store in a modern
computer. E.g., Ferrites (Fe, FeZO, MnFe2O4
etc.).

4.6.4 Magnetism and Electromagnetism

= The strangest natural magnet is lodestone
magnetite.

= The magnetic property in the natural magnets
is permanent. It never gets destroyed.

= Magnetic field is the region around the magnet
where its magnetic influence can be felt.

= It is denoted by B and its unit is Tesla.

= The broad spectrum of magnetic-field
strengths is very interesting to know:

Human Brain’s magnetic field

=1pT =1 pico tesla

Magnetic field in a galaxy

=0.5nT = 0.5 nano tesla

Magnetic field due to microwave oven
(at 1 foot distance)

=8 pT = 8 micro tesla

Earth’s magnetic field at Chennai

(130 latitude) = 42 pT = 42 micro tesla
Magnetic field of MRI scanner =2 T

* Magnetic field can penetrate through all kinds
of materials, not just air.

* The Earth produces its own magnetic field,
which shields the earth's ozone layer from
the solar wind and is important in navigation
using a compass.

* A magnetic field line is defined as a curve
drawn in the magnetic field in such a way that
the tangent to the curve at any point gives the
direction of the magnetic field.

= Hans Christian Oersted, (14th August 1777
-9 March 1851) was a Danish Physicist
and Chemist who discovered that electric
currents create magnetic fields, which
was the first connection found between
electricity and magnetism.

= In 1824, Oersted founded Selskabet for
Naturleerens Udbredelse (SNU), a society
to disseminate knowledge of the natural
sciences.

Force on a Current Carrying Conductor in a
Magnetic field
F=ILB

= When the conductor is perpendicular to the
magnetic field, the force will be the maximum
(=BIL).

= When it is parallel to the magnetic field, the
force will be zero.
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4.6.5 Fleming’s Left hand Rule
(formulated by the scientist John
Ambrose Fleming)

= The law states that while stretching the three
fingers of left hand in perpendicular manner
with each other, if the direction of the current
is denoted by middle finger of the left hand
and the second finger is for direction of the
magnetic field then the thumb of the left hand
denotes the direction of the force or movement
of the conductor.

Motion
¢ ThuMb o =T Lines
M ﬁ _
epements | [,’ /5 ofFlux
. % 2HR
Forefinger ,\' . Direction
Field (N to 5) | o of Current

. SeCond finger
| Current (+to-) |

Fleming’s left hand rule

Electric Motor
= An electric motor is a device which converts
electrical energy into mechanical energy.

4.6.6 Fleming’s Right Hand Rule

* Stretch the thumb, fore finger and middle finger
of your right hand mutually perpendicular to
each other.

= If the fore finger indicates the direction of
magnetic field and the thumb indicates the
direction of motion of the conductor, then the
middle finger will indicate the direction of
induced current.

Motion or force F

Magnetic field B

Le g ™,
i | —
/ 4 \_‘L\ )

¥ X

- A = _
Induced current 7 B <

Fleming’s right hand rule
* Fleming’s Right hand rule is also called
“generator rule”.

Electric Generator

= When the coil is rotated, the magnetic flux
linked with the coil changes.

» This change in magnetic flux will lead to
generation of induced current.

Transformer

= Transformer is a device used for converting
low voltage into high voltage and high voltage
into low voltage. It works on the principle of
electromagnetic induction.

* Michael Faraday (22 September
1791-25"  August 1867) was a British
Scientist who contributed to the study of
electromagnetism and electrochemistry.

= His main discoveries include the principles
underlying electromagnetic induction,
diamagnetism and electrolysis.
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RECTILINEAR PROPAGATION, SHADOWS AND ECLIPSE

= Light travels in straight line.

= The kind of shadow depends on the size of the source of light.

= Shadow obtained is a region of total darkness called umbra.

= Shadow obtained partial darkness called penumbra.

= Lunar eclipse-earth comes between the sun and the moon.

= Solar eclipse-moon comes between the sun and the earth.

5.1 LIGHT

= Lightis a type of energy that helps us to see all
the things around us. Light can be detected by
the human eye.

5.1.1 Properties of Light
1. Lightis a form of energy.

2. Light always travels along a straight line.

3. Light does not need any medium for its
propagation. It can even travel through
vacuum.

4. The speed of light in vacuum or air is,
c=3x108 ms™.

5. Since, light is in the form of waves, it is
characterized by a wavelength () and a
frequency (v), which are related by the
following equation: ¢ = v A (c - velocity of
light).

6. Different coloured light has different
wavelength and frequency.

7. Among the visible light, violet light has the

lowest wavelength and red light has the
highest wavelength.

8. When light is incident on the interface
between two media, it is partly reflected
and partly refracted.

5.1.2 Sources of Light

1. Natural Sources of Light
= Natural Sources of light Sources which

emit light naturally are known as natural
sources of light. The Sun is the primary and
the major source of natural light. Stars also
produce light, in the same way as the Sun do.
However, as they are much farther away than
the Sun, the light from them are too weak.
The moon provides light, particularly in the
night. Some living organisms have the ability
to produce light named by bioluminescence.
It is the effect of certain chemical reactions
occurring in the organism. Fireflies, jellyfish,
glow worm, certain deep sea plants and some
microorganisms can emit light naturally.

e The full shape of a rainbow is Parabola.
* The colour of outer edge of rainbow
will be red.
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2. Artificial Sources of Light

* Artificial sources are man - made light sources
such as flame of candle, incandescent lamp,
neon lamp, Sodium lamp etc.

5.1.3 Speed of Light

* Light travels with the highest speed in vacuum.
The speed of light in vacuum is denoted as c
and its value is,

¢ =3x10°m s™. It is a very high value.
Refractive Index
* Refractive index of a transparent medium is

defined as the ratio of speed of light in vacuum
(or air) to the speed of light in that medium.

refractive index} _ speed of light in medium(c)

n of amedium | speed of light in medium(v)

n=—
v
Critical Angle and Total Internal Reflection
* The angle of incidence in the denser medium
for which the refracted ray graces the boundary
is called critical angle i .

* The entire light is reflected back into the denser
medium itself. This phenomenon is called total
internal reflection. The two conditions for total
internal reflection are,

(a) light must travel from denser to rarer
medium,

(b) angle of incidence in the denser medium
must be greater than critical angle (i>i).

5.2 REFLECTION OF LIGHT

Incident Ray: The ray of light that falls on the
surface of the reflection materials. In figure,
PO is the incident ray.

Reflected Ray: The ray of light that comes
from the point when the incident ray falls on
the reflection material. In the figure, Q is the
reflected ray.

Point of Incidence: The point of which are
incident ray strikes the reflecting surface is
the point of incidence. In the figure ‘O’ point
of incidence.

Normal: The perpendicular line drawn from
the point of incidence to the plane of reflecting

surface is called normal. In figure, ON is the
normal.

Angle of incidence: The angle formed between
the incident ray PO and the normal ‘ON’ is
angle of incidence. It is denoted by i.

Angle of Reflection: The angle formed
between the reflected ray OQ and the normal
ON is angle of reflection. It is denoted by |i.

P N - Q
Angle of Angle of

Incidence Reflection
i r

~

Reflected Ray

Reflecting Surface

'l

Incident Ray

Centre of Curvature: The centre of the sphere
of which the mirror is a part is called the center
of curvature (C) of the mirror.

Radius of Curvature: The radius of the sphere
of which the spherical mirror is a part is called
the radius of curvature (R) of the mirror.

Pole: The middle point on the spherical surface
of the mirror (or) the geometrical center of the
mirror is called pole (P) of the mirror.

Principal Axis: The line joining the pole and
the centre of curvature is called the principal
axis of the mirror.

Focus (or) Focal Point: Light rays travelling
parallel and close to the principal axis when
incident on a spherical mirror, converge
at a point for concave mirror or appear to
diverge from a point for convex mirror on the
principal axis. This point is called the focus or
focal point (F) of the mirror.

Focal Length: The distance between the pole
and the focus is called the focal length (f) of
the mirror.

Focal Plane: The plane through the focus and
perpendicular to the principal axis is called
the focal plane of the mirror.
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1. Regular Reflection
* When a beam of light (collection of parallel

5.2.1 Laws of Reflection

= Not all the objects can produce the same effect
as produced by the plane mirror.

A ray of light, falling on a body having a shiny,
polished and smooth surface alone is bounced
back.

This bouncing back of the light rays as they fall
on the smooth, shiny and polished surface is
called reflection.

1. The angle of incidence is always equal to the
angle of reflection. li=[r

. The incident ray, the reflected ray and the
normal at the point of incidence lie on the
same plane.

Reflection involves Two Rays
1. Incident ray and
2. Reflected ray.

The incident ray is the light ray in a medium
falling on the shiny surface of a reflecting
body. After falling on the surface, this ray
returns into the same medium.

This ray is called the reflected ray. An
imaginary line perpendicular to the reflecting
surface, at the point of incidence of the light
ray, is called the normal.

The relation between the incident ray, the
reflected ray and the normal is given as the
law of reflection. The laws of reflection are as
follows:

1. The incident ray, the reflected ray and the
normal at the point of incidence, all lie in
the same plane.

2. The angle of incidence and the angle of
reflection are always equal.

5.2.2 Types of Reflection

* You have learnt that not all bodies can reflect
light rays.

= The amount of reflection depends on the
nature of the reflecting surface of a body.

= Based on the nature of the surface, reflection
can be classified into two types namely,

rays) falls on a smooth surface, it gets
reflected. After reflection, the reflected rays
will be parallel to each other. Here, the angle
of incidence and the angle of reflection of each
ray will be equal. Hence, the law of reflection
is obeyed in this case and thus a clear image
is formed. This reflection is called ‘regular
reflection” or ‘specular reflection’. Example:
Reflection of light by a plane mirror and
reflection of light from the surface of still
water.

Regular Reflection

Incident rays Reflected rays

A4

2. Irregular Reflection
* In the case of a body having a rough or

irregular surface, each region of the surface is
inclined at different angles. When light falls on
such a surface, the light rays are reflected at
different angles.

In this case, the angle of incidence and the
angle of reflection of each ray are not equal.
Hence, the law of reflection is not obeyed in
this case and thus the image is not clear. Such
a reflection is called ‘irregular reflection’ or
‘diffused reflection’. Example: Reflection of
light from a wall.

5.2.3 Multiple Reflections

* The image formed by the first mirror acts as

an object for the second mirror and the image
formed by the second mirror acts as an object
for the first mirror. Thus, we have three images
of a single body.

This is known as multiple reflection. This type
of reflections can be seen in show rooms and
saloons. 360°

6

1

The number of images formed =

1. Kaleidoscope

2. Periscope
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Uses

It is used in warfare and navigation of the
submarine.

In military it is used for pointing and firing
guns from a ‘bunker’.

Photographs of important places can be
taken through periscopes without trespassing
restricted military regions.

Fibre optic periscopes are used by doctors

as endoscopes to view internal organs of the
body.

5.2.4 Refraction of Light

Light rays travelling from a rarer medium like
air into a denser medium like glass or water
are deviated from their straight line path.

This bending of light about the normal, at
the point of incidence; as it passes from one
transparent medium to another is called
refraction of light.

When alightray travels from the rarer medium
into the denser medium, it bends towards the
normal and when it travels from the denser
medium into the rarer medium, it bends away
from the normal.

In this activity, the light rays actually travel
from the water (a denser medium) into the air
(a rarer medium). As you saw earlier, when a
light ray travels from a denser medium to a
rarer medium, it is deviated from its straight
line path. So, the pencil appears to be bent
when you see it through the glass of water.

Atmosphere Refraction

The density of the atmosphere surrounding
the earth decreases with increasing altitude.
Thus if light enters the atmosphere from
outside it encounters layers of air increasing
density and, therefore, bends gradually
producing a curved path.

E.g., Star twinkling, Mirage.

* Light is propagated in the form of
transverse waves.

= In fluorescent tube light ultraviolet light is
converted into visible light.

Refractive Index

_Sini _ Velocity of light in air
Sinr Velocity of light in medium

It has no unit & no dimension.

e Water -1.33

e Crown Glass - 1.52

e Dense Flint Glass - 1.62
e Diamond - 2.42

* Refraction of light in a medium depends on the

speed of light in that medium. When the speed
of light in a medium is more, the bending is
less and when the speed of light is less, the
bending is more.

The amount of refraction of light in a medium
is denoted by a term known as refractive index
of the medium, which is the ratio of the speed
of light in the air to the speed of light in that
particular medium.

It is also known as the absolute refractive
index and it is denoted by the Greek letter ‘1’
(pronounced as ‘mew’).

Refractive index is a ratio of two similar
quantities (speed) and so, it has no unit.
Since, the speed of light in any medium is less
than its speed in air, refractive index of any
transparent medium is always greater than 1.

B Speed of light in air (c)
Speed of light in the medium (v)
Substances Refractive Index
Air 1.0
Water 1.33
Ether 1.36
Kerosene 141
Ordinary Glass 1.5
Quartz 1.56
Diamond 241
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Lens Mirror
the Image Image
Real and
Cancave inverted Diminished
mirror image. and enlarged
convex Lens | Virtual and image.

erect image.
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Lens convex
mirror

Erect virtual | Small image

5.2.5 Snell’s Law of Refraction

* Refraction of light rays, as they travel from one
medium to another medium, obeys two laws,
which are known as Snell’s laws of refraction.
They are:

1. The incident ray, the refracted ray and the
normal at the point of intersection, all lie
in the same plane.

2. The ratio of the sine of the angle of
incidence (i) to the sine of the angle of
refraction (r) is equal to the refractive
index of the medium, which is a constant.

sin i

sinr

Sin(84) ny

Sin(,) ™

Air (nq)

% Liquid (np)
®

6)

;3]
2
(3]
o
3
-

= The sky appears to be blue because of
scattering of light.

= We cannot see during a fog because
scattering of light.

Colour

* Colour of sunlight: Light is a form of energy
in the form of a wave that simulates that retina
of our eyes.

= Visible light is a spectrum of a number of
waves with different wavelength range from
400nm to 700nm (Inm = 10° metre) each
wave has a definite wavelength represents a
particular color.
= The band of visible light is VIBGYOR.
V - Violet
I- Indigo
B - Blue
G - Green
Y - Yellow
O - Orange
R -Red

* Violet colour has shorter wavelength and red
color has longer wavelength.

5.2.6 Dispersion

* Place a prism on a table and keep a white screen
near it. Now, with the help of a torch, allow
white light to pass through the prism. What
do you see? You can observe that white light
splits into seven colored light rays namely,
violet, indigo, blue, green, yellow, orange and
red (VIBGYOR) on the screen.

= Now, place another prism in its inverted
position, between the first prism and the
screen. Now, what do you observe on the
screen? You can observe that white light is
coming out of the second prism.

* Splitting of white light into its seven
constituent colours (wavelength), on passing
through a transparent medium is known as
dispersion of light.

* Refraction of a light ray is
proportional to its wavelength.

inversely

5.2.7 Refraction of a Composite Light-
Dispersion of Light

* When a beam of white light or composite
light is refracted through any transparent
media such as glass or water, it is split into
its component colours. This phenomenon is
called as “dispersion of light'.
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= The band of colours is termed as spectrum.
This spectrum consists of following colours:
Violet, Indigo, Blue, Green, Yellow, Orange,
and Red. These colours are represented by the
acronym “VIBGYOR”.

* Angle of refraction is the smallest for red and
the highest for violet.

5.3 SCATTERING OF LIGHT

* When sunlight enters the Earth’s atmosphere,
the atoms and molecules of different gases
present in the atmosphere refract the light in
all possible directions.

= This is called as “Scattering of light’. In this
phenomenon, the beam of light is redirected in
all directions when it interacts with a particle
of medium. The interacting particle of the
medium is called as “scatterer’.

5.3.1 Types of Scattering

1. Elastic Scattering: If the energy of the
incident beam of light and the scattered
beam of light are same, then it is called as
‘elastic scattering’.

2. Inelastic Scattering: If the energy of the
incident beam of light and the scattered
beam of light are not same, then it is called
as ‘inelastic scattering’.

* The nature and size of the scatterer results in
different types of scattering. They are

i. Rayleigh Scattering
ii. Mie Scattering

iii. Tyndall Scattering
iv. Raman Scattering

i. Rayleigh Scattering: The scattering of
sunlight by the atoms or molecules of the
gases in the earth’s atmosphere is known as
Rayleigh scattering.

Amount of scattering ‘S” o< o

ii. Mie Scattering: It is elastic scattered light of
particles that have a diameter similar to or larger
than the wavelength of the incident light. The
Mie signal is proportional to the square of the
particle diameter.

iii. Tyndall Scattering: The scattering of light
rays by the colloidal particles in the colloidal
solution is called Tyndall Scattering or
Tyndall Effect.

iv. Raman Scattering: Raman Scattering is
defined as “The interaction of light ray with
the particles of pure liquids or transparent
solids, which leads to a change in wavelength
or frequency.”

= An endoscope is an instrument used by
doctors which has a bundle of optical
fibres that are used to see inside a patient’s
body.

= Endoscopes work on the phenomenon of
total internal reflection.

5.3.2 Raman Effect

= In 1928, Sir C.V. Raman discovered
experimentally, that the monochromatic light
is scattered when it is allowed to pass through
a substance.

* The scattered light contains some additional
frequencies other than that of incident
frequency. This is known as Raman effect.

1. If a photon strikes an atom or a molecule in
a liquid, part of the energy of the incident
photon may be used to excite the atom of
the liquid and the rest is scattered. The
spectral line will have lower frequency and
it is called stokes line.

2. If a photon strikes an atom or a molecule
in a liquid, which is in an excited state, the
scattered photon gains energy. The spectral
line will have higher frequency and it is
called Anti—stoke’s line.

3. In some cases, when a light photon strikes
atoms or molecules, photons may be
scattered elastically. Then the photons
neither gain nor lose energy The Raman
shift does not depend upon the frequency of
the incident light but it is the characteristic
of the substance producing Raman effect.

Applications of Raman Spectrum

= It is widely used in almost all branches of
science.
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= Raman Spectra of different substances enable
to classify them according to their molecular
structure.

* In industry, Raman Spectroscopy is being
applied to study the properties of materials.

= It is used to analyse the chemical constitution
Isotropic medium is the medium in which the
light travels with same speed in all directions.

5.4 DIFFRACTION

= Sound is propagated in the form of waves.
Sound produced in an adjoining room reaches
us after bending round the edges of the walls.

= Similarly, waves on the surface of water also
bend round the edges of an obstacle and
spread into the region behind it.

= This bending of waves around the edges of an
obstacle is called diffraction. Diffraction is a
characteristic property of waves.

= The waves are diffracted, only when the size of
the obstacle is comparable to the wavelength
of the wave.

= Fresnel showed that the amount of bending
produced at an obstacle depends upon the
wavelength of the incident wave.

= Since the sound waves have a greater
wavelength, the diffraction effects are
pronounced.

= As the wavelength of light is very small,
compared to that of sound wave and even
tiny obstacles have large size, compared to the
wavelength of light waves, diffraction effects
of light are very small.

5.4.1 Fresnel and Fraunhofer Diffraction

= Diffraction phenomenon can be classified
under two groups (i) Fresnel diffraction and
(ii) Fraunhofer diffraction.

5.4.2 Polarisation

* The phenomena of reflection, refraction,
interference, diffraction are common to both
transverse waves and longitudinal waves.
But the transverse nature of light waves is
demonstrated only by the phenomenon of
polarization.

= The phenomenon of restricting the vibrations
into a particular plane is known as polarization
(for glass it is 57.50).

5.4.3 Types of Crystals

= Crystals like calcite, quartz, ice and tourmaline
having only one optic axis are called uniaxial
crystals.

= Crystals like mica, topaz, selenite and
aragonite having two optic axes are called

biaxial crystals.

5.4.4 Polaroids

= A Polaroid is a material which polarises light.
The phenomenon of selective absorption is
made use of in the construction of polariods.

Uses of Polaroid

1. Polaroids are used in the laboratory to
produce and analyse plane polarised light.

2. Polaroids are widely used as polarising sun
glasses.

3. They are used to eliminate the head light
glare in motor cars.

4. They are used to improve colour contrasts
in old oil paintings.

5. Polaroid films are used to produce three-
dimensional moving pictures.

6. They are used as glass windows in trains
and aeroplanes to control the intensity of
light. In aeroplane one polaroid is fixed
outside the window while the other is fitted
inside which can be rotated. The intensity of
light can be adjusted by rotating the inner
polaroid.

7. Aerial pictures may be taken from slightly
different angles and when viewed through
polaroids give a better perception of depth.

8. In calculators and watches, letters and
numbers are formed by liquid crystal
display (LCD) through polarisation of light.

9. Polarisation is also used to study size and
shape of molecules.
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5.5 THEORIES OF LIGHT
5.5.1 Corpuscular Theory

According to Newton, a source of light or
a luminous body continuously emits tiny,
massless (negligibly small mass) and perfectly
elastic particles called corpuscles.

They travel in straight lines in a homogeneous

medium in all directions with the speed of
light.

5.5.2 Wave Theory

According to Huygens, light is propagated
in the form of waves, through a continuous
medium.

Huygens assumed the existence of an invisible,

elastic medium called ether, which pervades
all space.

5.5.3 Electromagnetic Theory

Maxwell showed that light was an
electromagnetic wave, conveying
electromagnetic energy and not
mechanical energy as believed by Huygens.

He also showed that no medium was necessary
for the propagation of electromagnetic waves.

5.5.4 Quantum Theory

1900, Planck had suggested that energy was
emitted and absorbed, not continuously but in
multiples of discrete pockets of energy called
Quantum which could not be subdivided into
smaller parts.

In 1905, Einstein extended this idea and
suggested that light waves consist of small
pockets of energy called photons.

The energy associated with each photon

is E = hv, where h is Planck’s constant
(h = 6.626 x 10 ]Js) and v is the frequency

of the electromagnetic radiation. It is now
established that photon seems to have a dual
character.

= It behaves as particles in the region of higher
energy and as waves in the region of lower
energy.

5.6 TYPES OF MIRRORS

1. Spherical Mirrors

= Spherical mirrors are one form of curved
mirrors. If the curved mirror is a part of a
sphere, then it is called a ‘spherical mirror’.

= [t resembles the shape of a piece cut out from
a spherical surface. One side of this mirror is
silvered and the reflection of light occurs at the
other side.

2. Concave Mirrors

= A spherical mirror, in which the reflection of
light occurs at its concave surface, is called a
concave mirror. These mirrors magnify the
object placed close to them. The most common
example of a concave mirror is the make-up
mirror..3. Convex Mirror

= A spherical mirror, in which the reflection
of light occurs at its convex surface, is called
a convex mirror. The image formed by these
mirrors is smaller than the object. Most
common convex MmIirrors are rear viewing
mirrors used in vehicles.

5.6.1 Terms Related to Spherical Mirrors

Center of Curvature

= It is the center of the sphere from which the
mirror is made. It is denoted by the letter C in
the ray diagrams. (A ray diagram represents
the formation of an image by the spherical
mirror. You will study about them in your
next class).

Mirrors

v

Plane Mirrors

Curved Mirrors

v v

Spherical Mirror Cylindrical Mirror

v \

Parabolic Mirror Ellipsoid Mirror
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Radius of Curvature

= It is the distance between the center of the
sphere and the vertex. It is shown by the letter
R in ray diagrams. (The vertex is the point on
the mirror’s surface where the principal axis
meets the mirror. It is also called as “pole’.)

Focus

* When a beam of light is incident on a spherical
mirror, the reflected rays converge (concave
mirror) at or appear to diverge from (convex
mirror) a point on the principal axis.

= This point is called the ‘focus” or ‘principal
focus’. It is also known as the focal point. It is
denoted by the letter F in ray diagrams.

Focal length

* The distance between the pole and the
principal focus is called focal length (f) of a
spherical mirror.

= There is a relation between the focal length of
a spherical mirror and its radius of curvature.
The focal length is half of the radius of
curvature.

That is, focal length =

Radius of curvature
2

2f=R

Concave Mirrors

= Concave mirrors are used while applying
make-up or shaving, as they provide a
magnified image.

= They are used in torches, search lights and
head lights as they direct the light to a long
distance.

= They can collect the light from a larger area
and focus it into a small spot. Hence, they are
used in solar cookers.

* They are used as head mirrors by doctors to
examine the eye, ear and throat as they provide
a shadow-free illumination of the organ.

= They are also used in reflecting telescopes.

Convex Mirrors

= Convex mirrors are used in vehicles as rear
view mirrors because they give an upright
image and provide a wider field of view as
they are curved outwards.

* They are found in the hallways of various
buildings including hospitals, hotels, schools
and stores. They are usually mounted on a
wall or ceiling where hallways make sharp
turns.

* They are also used on roads where there are
sharp curves and turns.

Kaleidoscope

= It is toy image are formed by two strips
of plane mirrors placed at an angle of 60°
inside the tube five images are seen.

5.7 LENSES

* Lens is basically classified into two types. They
are: (i) Convex Lens (ii) Concave Lens

1. Convex or bi-convex Lens: It is a lens
bounded by two spherical surfaces such
that it is thicker at the centre than at the
edges. A beam of light passing through it,
is converged to a point. So, a convex lens
is also called as converging lens.

2. Concave or bi-concave Lens: It is a lens
bounded by two spherical surfaces such
that it is thinner at the centre than at the
edges. A parallel beam of light passing
through it, is diverged or spread out. So,
a concave lens is also called as diverging
lens.

Differences between Convex Lens and
Concave Lens.

No Convex Lens Concave Lens
A convex lens A concave lens
1 is thicker in the | is thinner in the
middle than at middle than at
edges. edges.
’ Itisa It is a diverging
converging lens. | lens.
It d
produices It produces
3 mostly real . .
. virtual images.
images.
4 It is used to treat | Itis used to
hypermeteropia. | treat myopia.
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5.7.1 Other Types of Lenses

= Plano-convex Lens: If one of the faces of a bi-
convex lens is plane, it is known as a plano-
convex lens.

» Plano-concave Lens: If one of the faces of a bi-
concave lens is plane, it is known as a plano-
concave lens.

Applications of Convex Lenses

1. Convex lenses are used as camera lenses

2. They are used as magnifying lenses

3. They are used in making microscope,

telescope and slide projectors

4. They are used to correct the defect of vision
called hypermetropia.

Applications of Concave Lenses

1. Concave lenses are used as eye lens of
‘Galilean Telescope’

2. They are used in wide angle spy hole in
doors.

3. They are used to correct the defect of vision
called ‘myopia’ 1 1 1

4. Lens Formula= —=———

f v u

Inclined Mirror

* When an object is placed between two
inclined mirrors several images of the
object one formed.

= Number of images depends on the angle
between the mirror. 360°

No. of images = -
angle between mirrors

5.7.2 Sign Convention
According to cartesian sign convention,

1. The object is always placed on the left side of
the lens.

2. All the distances are measured from the
optical centre of the lens.

3. The distances measured in the same direction
as that of incident light are taken as positive.

4. The distances measured against the direction
of incident light are taken as negative.

5. The distances measured upward and
perpendicular to the principal axis is taken as
positive.

6. The distances measured downward and
perpendicular to the principal axis is taken as
negative.

5.7.3 Lens Maker’s Formula

* The lens maker’s formula is one such equation.
It is given as

1 1 1
T e

Example:

= A concave lens has focal length of 15 cm. At
what distance should the object from the lens
be placed so that it forms an image 10 cm from
the lens?

Solution:
v=-10cm;f=-15cm;u="7

ALy 1 1 1 1
———=—(or) —=——=
v u f u v f
l_ 1 B I 1 +i
u -10 -15 -10 15
1 3+2 -1
u 30 30
u =230cm.
Mirror Formula
1 1 1
==
f v u

f = focal length, u = object distance, v = image
distance.

Example:

= A convex mirror used for rear-view on an
automobile has a radius of curvature of 3 m.
If a bus is located at 5 m from this mirror, find
the position and nature of the image.

Solution:
Radius of curvature, R = +3.00 m, Object
distance u = —5.00 m, Image distance v = ?

We know,
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1 1 1 1 1 1
—4+—== (or) —+==—

v u f f u

1 1 1
==

v 1.5 -5

_ 1,1 _15+415 _ 65
" 15_5 7.5 7.5
V=§—':=1.15m

The image is 1.15 m at the back of the mirror.
The image is virtual.

5.7.4 Magnification

The magnification produced by a lens is
defined as the ratio of the height of the image
to the height of the object.

Example:

= An object is placed at a distance of 30 cm from
a concave lens of focal length 15 cm. An erect
and virtual image is formed at a distance of 10
cm from the lens. Calculate the magnification.
Solution:
Object distance, u = =30 cm
Image distance, v =—-10 cm
Magnification, m = v/u

--10
=30
1
m=—
3

m, + 0.33 cm.

5.7.5 Power of Lens

= The power of lens is defined as the reciprocal
of its focal length.

1

P —_— —

f

= The SI unit power of a lens is dioptre. It is
denote by the letter D.

Example:
* The focal length of a concave lens is 2 m.
Calculate the power of the lens.

Solution:.
Focal length of concave lens, f = -2 m Power
of the lens,

1

-2
P = -0.5 dioptre.

What is prism?

= A prism is an object made up of a
transparent material, like glass or plastic
that has at least two flat surfaces that from
an acute angle (less than 90° degrees).

Synthesis of Colour
* Red, Green and Blue called as primary
colours.

= Magenta, Cyan and yellow are called
secondary colour.

1Red | + | 1Blue | = | Magenta
1Blue | + | 1Green | = Cyan
1Green | + | 1Red = | Yellow

* Equal proportions of all three primary
colour create white.

1Red | + | 1Blue | + White

1 Green | =

5.7.6 Fluorescence

* When an atomic or molecular system is
excited into higher energy state by absorption
of energy, it returns back to lower energy state
in a time less than 107 second and the system
is found to glow brightly by emitting radiation
of longer wavelength.

= When ultra violet light is incident on certain
substances, they emit visible light. It may
be noted that fluorescence exists as long as
the fluorescing substance remain exposed to
incident ultraviolet light and re-emission of
light stops as soon as incident light is cut off.
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5.7.7 Phosphorescence

There are some substances in which the
molecules are excited by the absorption of
incident ultraviolet light, and they do not

return immediately to their original state.

The emission of light continues even after
the exciting radiation is removed. This
type of delayed fluorescence is called

phosphorescence.

= Light is a form of energy and it travels in a
straight line.

= Convex mirrors used in vehicles as rear-
view mirrors are labeled with the safety
warning: ‘Objects in the mirror are closer
than they appear” to warn the drivers.

= This is because inside the mirrors, vehicles
will appear to be coming at a long distance.

Photoelectric Effect

Photoelectric emission is the phenomena by
which a good number of substances, chiefly
metals, emit electrons under the influence of
radiation such as y rays, X-rays, ultraviolet

and even visible light.

This effect was discovered by Heinrich Hertz

in 1887.

Photoelectric Cells and their Applications

= The photoelectric cell is a device which

converts light energy into electrical energy.
The photo electric cells are of three types:
1. Photo emissive cell,
2. Photo voltaic cell and

3. Photo conductive cell.

Applications of Photo Electric Cells

1. Photoelectric cells are used for reproducing

sound in cinematography.

2. They are wused for controlling the

temperature of furnaces.

3. Photoelectric cells are used for automatic

switching on and off the street lights.

4. Photoelectric cells are used in the study of

temperature and spectra of stars.

5. Photoelectric cells are also used in obtaining
electrical energy from sunlight during space
travel.

6. These cells are used in instruments
measuring light illumination.

7. These cells are used in opening and closing
of door automatically.

8. Photoelectric cells are used in burglar alarm
and fire alarm.

5.8 LASER

= Some sources have been developed, which are
highly coherent known as LASER. The word
‘Laser” is an acronym for Light Amplification
by Stimulated Emission of Radiation.

Relativity
= Einstein, in 1905, pro founded the special
theory of relativity.

= The special theory of relativity deals with
objects and systems, which are either
moving at a constant speed with respect to
one another or at rest.

= Thisis Einstein’s mass-energy equivalence.
E = m¢?

5.8.1 Characteristics of Laser
» The laser beam
i. is monochromatic.

ii. is coherent, with the waves, all exactly in
phase with one another,

iii. does not diverge at all and
iv. is extremely intense.

5.8.2 Applications of Laser
* Due to high coherence, high intensity, laser
beams have wide applications in various
branches of science and engineering.
1. Industrial Applications
1. The laser beam is used to drill extremely
fine holes in diamonds, hard sheets etc.,
2. They are also used for cutting thick sheets
of hard metals and welding.
3. The laser beam is used to vapourize the

unwanted material during the manufacture
of electronic circuit on semiconductor chips.
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4. They can be used to test the quality of the
materials.

2. Medical Applications

1. In medicine, micro surgery has become
possible due to narrow angular spread of
the laser beam.

2. It can be used in the treatment of kidney
stone, tumour, in cutting and sealing the
small blood vessels in brain surgery and
retina detachment.

3. The laser beams are used in endoscopy.

4. Tt can also be used for the treatment of
human and animal cancer.

3. Scientific and Engineering Applications

1. Since the laser beam can stay on at a single
frequency, it can be modulated to transmit
large number of messages at a time in radio,
television and telephone.

2. The semiconductor laser is the best light
source for optical fiber communication.

3. Narrow angular spread of the laser beam
makes it a very useful tool for microwave
communication. Communication with earth
satellites and in rocketry. Laser is also used
in accurate range finders for detecting the
targets.

4. The earth-moon distance has been measured
with the help of lasers.

5. tis used in laser Raman Spectroscopy.

6. Laser is also used in holography (three
dimensional lensless photography)

7. Laser beam can determine precisely the
distance, velocity and direction as well as
the size and form of the objects by means of
the reflected signal as in radar.

5.8.3 Holography

= A three dimensional image of an object
can be formed by holography. In ordinary
photography, the amplitude of the light wave
is recorded on the photographic film.

* In holography, both the phase and amplitude
of the light waves are recorded on the film.
The resulting photograph is called hologram.

5.8.4 Maser

The term MASER stands for Microwave
Amplification by Stimulated Emission of
Radjiation.

The working of maser is similar to that of laser.

5.9 REFRACTION

Light bends when its travel from one medium
to another this called refraction of the lights.

Different speeds of light in medium different
densities.

Speed of light in vaccum - 3 x 10 m/s.

When light travels from a rarer medium and
enters a denser medium it will be deviated
towards to the normal line. E.g., From air to
glass.

The light will be deviated away from the
normal when it passes from a denser into a
rare medium. E.g., Glass to Air.

5.9.1 Total Internal Reflection

Ray or light passes through the denser medium
to the rare medium the refracted Ray is bent
away from the normal line. Angle of incidence
increase the angle of refraction also increase.

At a certain angle of incidence the angle of
reflection becomes 900. This angle is called
critical angle (c).

If the angle of incidence is more than the
critical angle the rays bends inside the denser
medium itself. This phenomenon is called
total internal reflection.

5.10 OPTICAL FIBRE

An optical fibre is a device based on the
principle of total internal reflection.

Optical fibres are thin, flexible and transparent
strands of glass which can carry light along
them very easily.

A boundle of such thin fibres from a light pipe.

1. Uses of Optical Fibre

Optical fibres are wused to transmit
communication signals. In medicine, optical
fibres are used endoscope and laparoscopes.
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2.

3.

2.

Dispersion

Separation of light into colours is called
dispersion.

Seven colours-Violet, Indigo, Blue, Green,
Yellow, Orange and Red.

Violet Colour Minimium Wave Length and
Maximum Frequency.

Red Colour-Maximum Wave Length and
Minimum Frequency.

Vaccum all colours are same speed but
different medium and different speed.

The Rainbow

The most spectacular illustration of
dispersion.

Droplets acts as a prism.

* Rainbow is seen in the sky opposite the
sun.

* Each droplets there is dispersion as well as
total internal reflection.

Colour of Objects: Leaves reflect the green
colour the remaining colour are observed.

4. Mixing Coloured Light

= All colours can be suitable mixture of these
three colour. (Red, Blue, Green) Therefore
called primary colour, others secondary
colour.

= The colours which give white light when put
together, are called complementary colour
blue + yellow = complementary colours.

SLSD

TNPSC PREVIOUS YEAR QUESTIONS

Consider the following statements:
1. Centrifugal force is the force acting
towards the centre.

2. Butter is separated from curd due to
Centrifugal force.

(A) Statement (1) is correct but statement (2)
is wrong

(B) Neither (1) nor (2) is correct

(C) Statement (1) is wrong but statement (2)
is correct

(D) Neither (1) nor (2) is wrong

Which holds oxygen in the atmosphere and

not in space?

(A) Inter molecular attraction

(B) Gravitational pull of the earth

(C) Magnetic field of the earth

(D) Solar radiations

The time period of two simple pendulums

are in the ratio 2 : 1. The corresponding ratio

of their lengths is

(A)4:1 (B)1:4

©1:1 (D)1:2

4. A bullet of mass 150 gm. Strikes a target at
600 m/s. Velocity which is reduced to 150
m/s. The loss of energy is
(A) 3000 J (B) 8437 ]

(C) 18400 J (D) 5400 J

5. The acceleration due to gravity at the centre
of the earth is
(A) Equal to zero
(B) Less than 9.8 m/s?

(C) Equal to 9.8 m/s?
(D) Greater than 9.8 m/s?

6. The graph which represents the variation of
total energy E with time t during one cycle in
a simple harmonic motion is

(4) ()
E E
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7.

8.

9.

10.

11.

12.

t —> ¢

Assertion (A): A freely falling rain drops are

spherical. Reason (R): A sphere has a smaller

surface area for its volume than any other

shape.

(A) (A) is true but (R) is false

(B) (A) is false but (R) is true

(C) Both (A) and (R) are true and (R) is not
the correct explanation of (A)

(D) Both (A) and (R) are true and (R) is the
correct explanation of (A)

When the speed of a body is doubled, its

kinetic energy becomes

(A) Doubled (B) Half

(C) Quadruple (D) One-fourth

When a body moves with uniform velocity

its acceleration is

(A) Doubled

(C) Zero

A generator is a device which converts

(B) Tripled
(D) Maximum

(A) Electrical energy into mechanical energy
(B) Electrical energy into light energy

(C) Mechanical energy into electrical energy
(D) Magnetic energy into electrical energy
One tesla is

(A) Amp - m?

(B) Weber

(C) Ampere turns - m™

(D) Weber - m™

Match the following lists and select the
correct answer:

ListI List Ii
(a) Raman Effect 1. Magnetic Field
(b) Zeeman Effect 2. Magnetic Field
(c) Stark Effect 3. Magnetic Field

13.

14.

15.

16.

17.

18.

19.

20.

21.

(d) Doppler Effect 4. Magnetic Field

(A)3,1,2,4 (B)4,3,2,1
©) 24,31 (D)2,1,4,3
Magnetic effect of current was discovered by
(A) Faraday (B) Fleming
(C) Oersted (D) Ampere

The part where the image is formed in the
eye is

(A) Pupil (B) Blind spot

(C) Retina (D) Lens

Short sight can be rectified by using

(A) Concave Lens

(B) Convex Lens

(C) Planoconvex Lens

(D) Planoconcave Lens

When travelling at the speed of light, one
can reach the moon in

(A) 5 Seconds (B) 2 Seconds

(C) 5 Minutes (D) One Minute
When the velocity of a particle travelling
with a velocity nearly equal to the velocity
of light, increases, its mass

(A) Increases (B) Decreases

(C) Remains the same (D) None of these
The radius of curvature of concave mirror is
20 cm. Its focal length is

(A)5cm (B) 10 cm

(©) 20 cm (D) 40 cm

For short sight, we use

(A) Concave Lens (B) Convex Lens

(C) Glass Plate (D) Prism

If ¢ is the velocity of light and r is the

frequency of the photon, the momentum
associated with the photon is

(A) hyc (B) hy/c

© /e (D) nx/y

The propagation of light through optical
fibres is based on

(A) Diffraction (B) Refraction

(C) Total Internal Reflection

(D) Reflection
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22.

23.

24.

25.

26.

27.

28.

The SI unit of power of a lens is

(A) Metre (B) Dioptre
(C) Watt (D) Calorie
The refractive index of diamond is
(A)1 (B) 1.33
Q16 (D) 2.42

The digital camera is an input device mainly

used to images
(A) Capture (B) Convert
(C) Connect (D) None of these

When a ray of light is passed through
crystal, double refraction occurs

(A) Calcite (B) Sodium Chloride

(C) Diamond (D) Zinc Sulphide

The focal length of two lenses in contact is

given by

(A)F=f, -f, (B)F=f xf,
(CF=f+f (D)l—l+i
L f [ SET,

A glass container (u = 1.65) is filled with a
liquid of refractive index 1.46. When light is
incident normally on the surface the amount
of light transmitted through the container is

(A)18% (B) 36%

(C) 44% (D) 100%

The resolving power of a telescope is highest
for

30.

31.

32.

Match List I with List II correctly and select
your answer using the codes given below:

List I List Ii
(a) Convex Lens 1. Dispersion
(b) Concave Lens 2. Long Sight
(c) Prism 3. Virtual Image
(d) Mirror 4. Short Sight
(A)3,4,2,1 (B)1,3,2,4
©)241,3 (D)4,1,3,2

Consider the following statements and select

our answer.

Assertion (A): Electron microscopes

can give better resolution than optical

microscopes.

Reason (R): A high energy particle has a

short de Broglie wavelength and so can

probe the small scale interior structure of

other particles.

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

(B) Both (A) and (R) are true and (R) is not
the correct explanation of (A)

(C) (A) is true, but (R) is false

(D) (A) is false, but (R) is true

Choose the correct answer. “The time taken

by light to come from the sun”

(A) 18 Minutes 20 Sec.

(A) Blue Light (B) Green Light B 20 Sec.
(C) Yellow Light (D) Red Light E C)) 8 Minutes 20 Sec.
29. When. the po}arising?y angle fo'r a 'dense'ﬂint (D) 8 Sec.
glass is 60030, then its refractive index is
(A)1.333 (B) 1.541
(C) 1.627 (D) 1.768
ANSWER
1 2 3 4 5 6 7 8 9 10 [ 11 | 12 | 13 | 14 | 15 | 16
C B A B A D D C C C D D C C A B
17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32
C B A B C B D B A D D D D C A C




Chapter 6

Sound

SOUND

= Sound waves can travel through liquids, solids as well as gasses. The substance (solid, liquid
or gas) through which sound waves travel is called a medium. Sound waves need a material
medium to propagate, they cannot travel through vacuum. Robert Boyle, the scientist, proved
that sound waves cannot pass through vacuum or empty space.

6.1 SOUND WAVE Wave Length (\): Distance moved by a wave

« “If the particles of a medium vibrate in a during the time a particle completes one
direction, parallel to or along the direction of  yipration. Its unit is metre.
propagation of wave, it is called a longitudinal

” 6.1.2 Reflection of Sound Waves
wave

= Echo reflected sound waves reach the ear it
can be heard distinctly after the original sound
has stopped. This is called an Echo.

= Sound waves travel in the form of longitudinal
waves through gases. “If the particles of the
medium vibrate in a direction, perpendicular
to the direction of propagation, the wave is " The sensation of sound persists in our brain

called a transverse wave.” for about 1/10% of a second. If the reflected

sound wave reaches the ear in less than 1/10"

6.1.1 Definitions of some terms used in of a second the brain cannot make out the

Relation to Waves difference between the original sound and the
echo.

Amp hfud'e (@): The maximum .d.lsplécement = If the reflected sound wave reaches the ear

of a particle from the mean position is called after 1/10% of a second then a distinct echo can

amplitude. Its unit is metre. be heard. 340 m/s at a temperature of 15°C,

sound waves must travel about 34m if it is
to be heard as an echo. Therefore, to hear a
distinct echo, the surface reflecting the sound
should be at least 17 meters away.

Time period (T): Time taken by a particle of
the medium to complete one vibration is
called Time period. Its unit is second.

Frequency (n): The number of vibrations Distance = velocity x time
completed by a particle in one second is called =340 x 1/10 = 34 m. (17 m going and 17 m
frequency. Its unit is hertz. n =1/T. return)

* Dry air at 0°C the speed of sound is 331 m/s or 750 m/h.
* The speed of sound in air, water and steel at 0°C are
= Air =331 m/s, Water = 1450 m/s, Steel = 5000 m/s
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6.1.3 The Speed of Sound

* The Pitch and loudness of sound have no effect
on their speed. The speed of sound increases
with humidity.

= Sound travels moist air than in through day
air. The speed of sound in air increases by
0.61 metre per second for each degree rise in
temperature above 0°C.

= The speed of sound depends on the medium.
It is more in solids, less in liquids, and the least
in gases.

1. Range of Hearing

* Human -20 to 20000 Hertz

= Above 20000 HZ ultrasonic sound, below 20
HZ infrasonic sound.

2. Applications of Ultrasound
= SONAR (Sound Navigation And Ranging)

= Ultra Sonography ‘Ultra sonic waves’ can be
used to visualize inner organs of the human
body.

3. Reverberation: The repeated reflection
that results in the persistence of sound,
often referred to as ‘rolling sound” is called
reverberation.

4. Intensity of Sound: The intensity is defined

as the amount of energy crossing per unit area

per unit time perpendicular to the direction

of propagation of the wave. Intensity is

measured in Wm™.

5. Loudness

= Theloudness of a sound is related to the energy
of the waves and depends on amplitude. The

relative loudness of a sound is measured in
decibels.

* Noise level of 85 db or above can impair (or)
damage hearing.

6.1.4 Refraction of Sound

= Sound travels from one medium to another,
it undergoes refraction. Applications of
refraction of sound.

* Itis easier to hear the sound during night than
during day-time. During day time, the upper
layers of air are cooler than the layers of air
near the surface of the Earth.

= Duringnight, the layers of air near the Earth are
cooler than the upper layers of air. As sound
travels faster in hot air, during day-time, the
sound waves will be refracted upwards and
travel a short distance on the surface of the
Earth.

* On the other hand, during night the sound
waves are refracted downwards to the Earth
and will travel a long distance.

6.1.5 Doppler Effect

* The phenomenon of the apparent change in
the frequency of sound due to the relative
motion between the source of sound and the
observer is called Doppler effect.

= When the source moves towards the stationary
observer the pitch sound to increase.

* When the source moves away from the
stationary observer the pitch sound appears to
decrease.

1. When the observer moves towards the
stationary source the pitch the sound
appears to increase.

2. When the observer moves away from the
stationary source the pitch of the sound
appears to decrease.

Applications of Doppler Effect

1. To measure the speed of an automobile
Tracking a satellite
Radar (Radio Detection And Ranging)
Sonar (Sound Navigation And Ranging).

Ll
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Chapter 7

Heat

= Temperature is the thermal state of the body, that decides the direction of flow of heat.

= “Heat is a form of energy transfer between two systems or between a system and its
surroundings due to temperature difference between them.

7.1 EFFECTS OF HEAT

Expansion

= When heat is added to a substance, the
molecules gain energy and vibrate and force
other molecules apart.

= Expansion is greater for liquids than for solids
and maximum in case of gases.

Change in Temperature

= When heat energy is added to a substance, the
kinetic energy of its particles increases and so
the particles move at higher speed.

= This causes rise in temperature. When a
substance is cooled, that is, when heat is
removed, the molecules lose heat and its
temperature falls.

Change in State

= When you heat ice cubes, they become water
and water on further heating changes into
vapour.

= So, solid becomes liquid and liquid becomes
gas, when heat is added. The reverse takes
place when heat is removed.

Chemical Changes

= Chemical reactions need heat to begin and also
heat determines the speed at which reactions
occur.

7.1.1 Transfer of Heat

Heat transfer takes place in three ways:
1. Conduction
2. Convection
3. Radiation

1. Conduction

Takes place when there
is temperature difference
between the objects

\ /

Metals are good
conductors of heat

CONDUCTION
/ N\
Heat is conducted if Liquids and gases also
the area of the object conduct heat but very
is large slowy

Conduction is a slow
process

= The process of transfer of heat in solids from
a region of higher temperature to a region
of lower temperature without the actual
movement of molecules is called conduction.

Conduction in Daily Life

1. Metals are good conductors of heat. So,
aluminium is used for making utensils to
cook food quickly.

2. Mercury is used in thermometers because it
is a good conductor of heat.



68 | Physics

3. We wear woolen clothes is winter to
keep ourselves warm. Air, which is a bad
conductor, does not allow our body heat to
escape.

2, Convection

= Convection is the flow of heat through a fluid
from places of higher temperature to places of
lower temperature by movement of the fluid
itself.

Convection in Daily Life

1. Hot Air Balloons: Air molecules at the
bottom of the balloon get heated by a heat
source and rise.

2. Breezes: During day time, the air in contact
with the land becomes hot and rises. Now
the cool air over the surface of the sea
replaces it.

= Itis called sea breeze. During night time, air
above the sea is warmer. As the warmer air
over the surface of the sea rises, cooler air
above the land moves towards the sea. It is
called land breeze.

3. Winds: Air flows from area of high pressure
to area of low pressure. The warm air
molecules over hot surface rise and create
low pressure.

= So, cooler air with high pressure flows
towards low pressure area. This causes
wind flow.

3. Radiation
= Radiation is the flow of heat from one place to
another by means of electromagnetic waves.

= Transfer of heat energy from the sun reaches
us in the form of radiation.

Radiation in Daily Life

1. White or light colored cloths are good
reflectors of heat. They keep us cool during
summer.

2. Base of cooking utensils is blackened
because black surface absorb more heat
from the surrounding.

3. Surface of airplane is highly polished
because it helps to reflect most of the heat
radiation from the sun.

Properties of Thermal Radiations

1. Thermal radiations can travel through
vacuum.

2. They travel along straight lines with the
speed of light.

3. They can be reflected and refracted. 4.They
exhibit the phenomenon of interference and
diffraction.

4. They do not heat the intervening medium
through which they pass.

5. They obey inverse square law.

Angstrom Pyrheliometer: Pyrheliometer is an
instrument used to measure the quantity of heat
radiation and solar constant.

7.1.2 Concept of Temperature

* Temperature is the degree of hotness or
coolness of a body.

* The hotter the body is higher is its temperature.

1. Unit of Temperature
= The SI unit of temperature is kelvin (K). For
day to day applications, Celsius (°C) is used.

* Temperature is measured with a thermometer.

2. Temperature Scales: There are three scales
of temperature.

1. Fahrenheit scale
2. Celsius or Centigrade scale
3. Kelvin or Absolute scale

1. Fahrenheit Scale: In Fahrenheit scale, 32
°F and 212 °F are the freezing point and
boiling points respectively.

= Interval has been divided into 180 parts.

2. Celsius Temperature Scale: In Celsius
scale, also called centigrade scale, 0°C and
100 °C are the freezing point and boiling
respectively.

= Interval has been divided into 100 parts.
The formula for converting a Celsius scale
to Fahrenheit scale is:
F=9/5C+32
The formula for converting a Fahrenheit
scale to Celsius scale is:
C=5/9 (F - 32)
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* Kelvin scale is known as the absolute = The SI unit of specific heat capacity is Jkg* K.
scale. On the Kelvin scale 0 K represents . The most commonly used units of specific heat
absolute zero, the temperature at which the capacity are ] /kg’C and ]/ g°C.
molecules of a substance have their lowest

possible energy. Heat Capacity or Thermal Capacity

= Heat capacity or thermal capacity is defined as
the amount of heat energy required to raise the
temperature of a body by 10 C.

= It is denoted by C'.

= Heat Capacity = Quantity of heat required/
Rise in temperature

= The solid, liquid, gaseous phases of water
can coexist in equilibrium at 273.16 K.

= Kelvin is defined as 1/273.16 of the triple
point temperature.

= The formula for converting a Celsius scale
to Kelvin scale is:

K=C1273.15 c=Qr
* The formula for converting a Kelvinscale to  « Slunitofheatcapacityis]/K. Itis alsoexpressed
Celsius scale is: in cal/°C, kcal/°C or J/°C.
C=K-273.15

Specific heat capacity of some common
3. Absolute Zero: The temperature at  gypstances

which the pressure and volume of a o -
gas theoretically reaches zero is called Substance Spec e heai ca?acﬂ:y
absolute zero. in JKg" K°
Lead 130
Some baseline temperatures in the three -
temperature scales. Mercury 139
o - Brass 380
= E_|8s55|822 Zinc 391
v —(> 4 tbg =) tb =)
o v T | U V= [3) ~ (& 399
g < 2d & E opper
= Iron 483
i ; Glass (flint 504
Boiling point 37315 100 212 ( )
of water Aluminium 882
Melting 27315 0 32 Kerosene 2100
point of ice
Ice 2100
Absolute
ero 0 273 -460 Sea Water 3900
Water 4180

7.1.3 Specific Heat Capacity

* Specific heat capacity of a substance is defined
as the amount of heat required to raise the
temperature of 1 kg of the substance by 1°C or
1K.

= Land and sea breeze are due to convection of heat.
= The colour of a star is an indication of its temperature.
= Mercury boils at 357°C.
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7.1.4 Change of State

* The process of changing of a substance from
one physical state to another at a definite
temperature is defined as change of state.

Liquid

Melting-Freezing

= The process in which a solid is converted to
liquid by absorbing heat is called melting or
fusion.

* The process in which a liquid is converted to
solid by releasing heat is called freezing.

Boiling-Condensation

= The process in which a liquid is converted to
vapor by absorbing heat is called boiling or
vaporization.

= The process in which a vapor is converted to
liquid by releasing heat is called condensation.

Sublimation: The process in which a solid
is converted to gaseous state is called
sublimation.

7.1.5 Latent Heat

= The word, ‘latent’ means hidden. So, latent
heat means hidden heat or hidden energy.

= Heat energy is absorbed by a solid during
melting and an equal amount of heat energy
is liberated by the liquid during freezing,
without any temperature change.

= It is called latent heat of fusion.

= Heat energy is absorbed by a liquid during
vaporization and an equal amount of heat
energy is liberated by the vapor during
condensation, without any temperature
changes.

Latent heat of
vaporization
(Temperature remains
constant as liquid
tums to gas)

Latent heat of fusion

(Temperature remains
constant as solid turns
to liquid) )

Heat supplied

Temperature

= This is called latent heat of vaporization.

Specific Latent Heat

= Specific latent heat is the amount of heat
energy absorbed or liberated by unit mass of
a substance during change of state without
causing any change in temperature.

= The SI unit of specific latent heat is ]/ kg.

= Mass of a substance, it is called specific latent
heat. It is denoted by the symbol L.

* Specific latent heat is given as L = Q/m.

7.2 THE GAS LAWS

1. Boyle’s Law

= “Temperature remaining constant, the
pressure of a given mass of gas is inversely
proportional to its volume”.

* [Temp remaining constant] It can also be
stated as PV = a constant.

2. Charles’ Law

= States that “Pressure remaining constant,
the volume of a given mass of gas is directly
proportional to the absolute temperature”.

» This is referred to as the law of volumes.

= A constant [Pressure remaining constant] It
can also be stated as Va T

V/T = a constant

3. Kelvin Scale or Absolute Temperature

= The zero of the Kelvin scale corresponds to
—-273°C and is written as 0 K (without the
degree symbol).

* One division on the Kelvin scale has the same
magnitude of temperature as one division of
the Celsius or Centigrade scale.
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= Thus 0°C corresponds to +273 K.

Kelvin scale (K) = Celsius scale
(0° C) +273

Celsius scale (0° C) = Kelvin scale
(K) -273

7.2.1 Adiabatic Process

* In Greek, adiabatic means “nothing passes
through”.

= The process in which pressure, volume and
temperature of a system change in such a
manner that during the change no heat enters
or leaves the system is called adiabatic process.

= Thus in adiabatic process, the total heat of the
system remains constant.

Carnot Engine
= Heat engine is a device which converts heat
energy into mechanical energy.

Refrigerator

= A refrigerator is a cooling device. An ideal
refrigerator can be regarded as Carnot’s heat
engine working in the reverse direction.
Therefore, it is also called a heat pump.

Properties of Thermal Radiations

1. Thermal radiations can travel through
vacuum.

2. They travel along straight lines with the
speed of light.

3. They can be reflected and refracted. They
exhibit the phenomenon of interference
and diffraction.

4. They do not heat the intervening medium
through which they pass.

5. They obey inverse square law.

Emissive Power

= Emissive power of a body at a given
temperature is the amount of energy emitted
per unit time per unit area of the surface for a
given wavelength.

= It is denoted by e\. Its unit is W m=

Perfect Black Body

= A perfect black body is the one which absorbs
completely heat radiations of all wavelengths
which fall on it and emits heat radiations of all
wavelengths when heated.

= Since a perfect black body neither reflects nor
transmits any radiation, the absorptive power
of a perfectly black body is unity.

7.2.2 Kirchoff’s Law

= According to this law, the ratio of emissive
power to the absorptive power corresponding
to a particular wavelength and at a given
temperature is always a constant for all bodies.

e
— = constant = E,
&

7.2.3 Stefan’s Law

= Stefan’s law states that the total amount of heat
energy radiated per second per unit area of a
perfect black body is directly proportional to
the fourth power of its absolute temperature.

i.e, Ea T* or E = oT*

= Where o is called the Stefan’s constant. Its
value is 5.67 x 10 Wm2 K*.

7.3 NEWTON'’S LAW OF COOLING

= Newton's law of cooling states that the rate of
cooling of a body is directly proportional to
the temperature difference between the body
and the surroundings Solar constant.

= The solar constant is the amount of radiant
energy received per second per unit area by a
perfect black body on the Earth with its surface
perpendicular to the direction of radiation
from the sun in the absence of atmosphere.

* It is denoted by S and its value is 1.388 x 10°
W m?. Surface temperature of the Sun can be
calculated from solar constant.
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TNPSC PREVIOUS YEAR QUESTIONS
1. Amplitude of a sound wave determines its 9. “A’ is the assertion and ‘R’ is the reason.
(A) Frequency Examine these two sta.tements carefully
(B) Intensity and select the answer using the code given
below:
(C) Phase )
(D) Wavelength A : We are able to hear the sound behind
) The walls or obstacles.
2. The frequency range of ultrasound is R : When the wavelength of a wave is
(A) Below 20 kHz Comparable or less than that of an ostacle,
(B) Below 2 kHz diffraction happens.
(C) Above 20 kHz (A) Both (A) and (R) are individually true
(D) Above 2 kHz and (R) is the correct explanation of (A)
3. Inaopen organ pipe (B) Both (A) and (R) are individually true,
(A) All harmonics are present but (R) is not a correct explanation of (A)
(B) Only odd harmonics are present (©) (A) is true, but (R) is false
(C) Only even harmonics are present (D) (A) is false, but (R) is true
(D) Only fundamental notes is present 10. Mach 9.6", specification about a rocket
4. The frequency of ultrasound wave is implies that it
typically (A) Produces sound of frequency 9.6 hertz
(A) Above 20 kHz (B) Produces sound of intensity 9.6 decibels
(B) Above 20,000 kHz (C) Travels with the speed of 9.6 kilo metre
(C) Below 20 kHz per second
(D) Below 2 kHz (D) Travels with the speed 9.6 times the
5. The minimum distance between the sound speed of sound
source and the object to produce clear echois 11 During the change of state (e.g. solid to
(A)5m (B) 10 m liquid) the temperature of the solid
(©)17m (D) 25m (A) Increases
6. Unit of intensity of sound is (B) Decreases
(A) Farad (B) Decibel (C) Remains constant
(C) Ohm (D) Pascal (D) Changes
7. SONAR is mostly used by 12. When water solidifies to ice
(A) Doctors (B) Engineers (A) Heat is absorbed
(C) Navigators (D) Astronauts (B) Heat is released
8. If the rods were of lengths 1, 21 and 3t (C) Temperature increases
respectively, then the ratio of the respective (D) Temperature decreases
sound velocities in them would be 13. A patient’s temperature ranged from 96.8° F

(A)1:1:1
(B)1:2:3
(G)3:2:1
(D)2:2:1

to 105.8° F during his illness, the temperature
recorded in Celsius scale is

(A) 16" to 41° (B) 26° to 41°

(C) 46" to 51° (D) 36° to 41°
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14. The volume of water is minimum at
(A)0°C (B)23°C
(©)4°C (D) 100°C

15. When common salt is mixed with ice, the
melting point

(A) Is lowered

(B) Is raised

(C) Remains the same

(D) Is first lowered and then raised

16. Match List-I with List-II correctly and select
your answer using the codes given below:

List I List IT
(a) Isothermal 1. ‘V’ constant,
Process ‘P’ and, ‘T’
change
(b) Adiabatic 2. ‘T’ constant, ‘P’
Process and "V’ change
(c) Isobaric Process 3. Heat is neither
allowed to
enter Nor leave
the system

(d) Isochoric Process 4. ‘P’ constant, ‘T’
and "V’ change

(A)3,2,1,4 (B)2,3,4,1
(€)4,3,2,1 (D)1,4,3,2
ANSWER

17.

18.

19.

Newton’s law of cooling is a special case of
(A) Wien's displacement law

(B) Kirchhoff’s law

(C) Stefan’s law

(D) Planck’s law

Who is the inventor of steam engine?
(A) Jameswatt (B) Gopal

(O) R. Bhatt (D) Sea Cave

The temperature in Celsius scale at which
the temperature in Fahrenheit equals (11/5)
th its value (in Celsius scale) is

1 2 3 4 5 6 7 8

A C A A C B C A

11 12 13 14 15 16 17 18

C B D C A B C A

(A) 0°C (B) 40°C
(C) 80°C (D) -40°C
9 | 10

A | D

19

C
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NUCLEAR PHYSICS

Chapter 8

Nuclear Physics

= The atomic nucleus was discovered by Earnest Rutherford in 1908. Rutherford’s experiment
on scattering of alpha particles proved that the mass of the atom and the positive charge is
concentrated in a very small central core called nucleus.

= The dimension of nucleus is much smaller than the overall dimension of the atom. The

nucleus is surrounded by orbiting electrons.

8.1 NUCLEUS

The nucleus consists of the elementary
particles, protons and neutrons which are
known as nucleons.

A proton has positive charge of the same
magnitude as that of electron and its rest mass
is about 1836 times the mass of an electron.

A neutron is electrically neutral, whose mass
is almost equal to the mass of the proton.

The nucleons inside the nucleus are held
together by strong attractive forces called
nuclear forces.

A nucleus of an element is represented as ,X*,
where X is the chemical symbol of the element.

Z represents the atomic number which is equal
to the number of protons and A, the mass
number which is equal to the total number of
protons and neutrons.

The number of neutrons is represented as N
which is equal to A-Z.

the chlorine nucleus is
,CI®. It contains 17 protons

For example,
represented as |
and 18 neutrons.

8.1.1 Classification of Nuclei

1. Isotopes: Isotopes are atoms of the same
element having the same atomic number
Z but different mass number A. The
nuclei \H', H? and H® are the isotopes
of hydrogen. In other words isotopes of
an element contain the same number of
protons but different number of neutrons.
As the atoms of isotopes have identical
electronic structure, they have identical
chemical properties.

2. Isobars: Isobars are atoms of different
elements having the same mass number
A, but different atomic number Z. The
nuclei O and ,N'® represent two isobars.
Since isobars are atoms of different

elements, they have different physical

and chemical properties.

3. Isotones: Isotones are atoms of different
elements having the same number of
neutrons. C'*and ;O'® are some examples
of isotones.
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8.1.2 General Properties of Nucleus

Nuclear  Size: Measure of nuclear

radius, which is approximately 10™ m.
(1 Fermi, F =107 m).

Nuclear Density: The nuclear density is
calculated as 1.816 x 10" kg m™.

Nuclear Charge: Proton has a positive charge
equal to 1.6 x 107 C.

Atomic Mass Unit: One atomic mass unit
is considered as one twelfth of the mass of
carbon atom 6C ,. Carbon of atomic number
6 and mass number 12 has mass equal to 12
amu. 1 amu = 1.66 x 10% kg. The mass of a
proton, mp =1.007276.

1 amu = 931 MeV

8.2 BINDING ENERGY

8.2.1 Explanation of Binding Energy
Curve

* The binding energy per nucleon increases
sharply with mass number A upto 20. It
increases slowly after A = 20. For A < 20,
there exists recurrence of peaks corresponding
to those nuclei, whose mass numbers are
multiples of four and they contain not only
equal but also even number of protons and
neutrons.

* Example: He,, Bef, C?, O, and , Ne®. The
curve becomes almost flat for mass number
between 40 and 120. Beyond 120, it decreases
slowly as A increases.

* The binding energy per nucleon reaches a
maximum of 8.8 MeV at A =56, corresponding
to the iron nucleus (,,Fe*). Hence, iron nucleus
is the most stable.

= The average binding energy per nucleon is
about 8.5 MeV for nuclei having mass number
ranging between 40 and 120.

= These elements are comparatively more stable
and non radioactive. For higher mass numbers
the curve drops slowly and the BE/ A is about
7.6 MeV for uranium. Hence, they are unstable
and radioactive.

= Thelesser amount of binding energy for lighter
and heavier nuclei explains nuclear fusion and
fission respectively.

* A large amount of energy will be liberated
if lighter nuclei are fused to form heavier
one (fusion) or if heavier nuclei are split into
lighter ones (fission).

8.2.2 Nuclear Force

* Nuclear force is charge independent.
It is the same for all the three types of
pairs of nucleons (n-n), (p—p) and (n—p).
This shows that nuclear force is not
electrostatic in nature.

= Nuclear force is the strongest known force in
nature. Nuclear force is not a gravitational
force.

* Nuclear force is about 1040 times stronger
than the gravitational force.

* Nuclear force is a short range force. It is very
strong between two nucleons which are less
than 107> m apart and is almost negligible at a
distance greater than this.

* On the other hand electrostatic, magnetic and
gravitational forces are long range forces that
can be felt easily.

* Yukawa suggested that the nuclear force
existing between any two nucleons may be
due to the continuous exchange of particles
called mesons, just as photons, the exchange
particle in electromagnetic interactions.

= However, the present view is that the nuclear
force that binds the protons and neutrons
is not a fundamental force of nature but it is
secondary.

8.2.3 Nuclear Fission

= In 1939, German scientists Otto Hahn and F.
Strassman discovered that when uranium
nucleus.

= The process of breaking up of the nucleus of
a heavier atom into two fragments with the
release of large amount of energy is called
nuclear fission.

235 1 141 92 1
92U + On - 56Ba + 36Kr + 3n + Q

= Atom bomb is based on the principle of
uncontrolled fission chain reaction. Natural
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uranium consists of 99.28% of U** and 0.72%
of U#%. U** is fissionable only by fast neutrons.

= Hence, it is essential in a bomb that either
U?5 or Pu® should be used, because they are
fissionable by neutrons of all energies.

8.2.4 Nuclear Reactor

= A nuclear reactor is a device in which the
nuclear fission reaction takes place in a self
sustained and controlled manner.

= The first nuclear reactor was built in 1942 at
Chicago USA.

1. Fissile Material or Fuel

= The fissile material or nuclear fuel generally
used is ,,U*. But this exists only in a small
amount (0.7%) in natural uranium.

= Natural uranium is enriched with more
number of [,U** (2 - 4%) and this low enriched
uranium is used as fuel in some reactors.

= Other than U**, the fissile isotopes U** and
Pu® are also used as fuel in some of the
reactors.

2. Moderator

= The function of a moderator is to slow down
fast neutrons produced in the fission process
having an average energy of about 2 MeV
to thermal neutrons with an average energy
of about 0.025 eV, which are in thermal
equilibrium with the moderator.

* Ordinary water and heavy water are the
commonly used moderators.

= Graphite is also used as a moderator in some
countries. In fast breeder reactors, the fission
chain reaction is sustained by fast neutrons
and hence no moderator is required.

3. Neutron Source: A mixture of beryllium
with plutonium or radium or polonium is
commonly used as a source of neutron.

4. Control Rods: The control rods are used
to control the chain reaction. They are very
good absorbers of neutrons. The commonly
used control rods are made up of elements
like boron or cadmium. In our country, all
the power reactors use boron carbide (B,C), a
ceramic material as control rod.

5. The Cooling System

* The cooling system removes the heat generated
in the reactor core. Ordinary water, heavy
water and liquid sodium are the commonly
used coolants.

* A good coolant must possess large specific
heat capacity and high boiling point. Liquid
sodium boiling point is about 1000°C.

6. Neutron Reflectors: Neutron reflectors

prevent the leakage of neutrons to a large
extent, by reflecting them back.
Uses of Reactors

1. Nuclear reactors are mostly aimed at power
production, because of the large amount of
energy evolved with fission.

2. Nuclear reactors are useful to produce
radio-isotopes.

3. Nuclear reactor acts as a source of neutrons,
hence used in the scientific research.

8.2.5 Nuclear Fusion

* Nuclear fusion is a process in which two or
more lighter nuclei combine to form a heavier
nucleus. The mass of the product nucleus is
always less than the sum of the masses of the
individual lighter nuclei.

= The difference in mass is converted into
energy. The fusion process can be carried out
only at a extremely high temperature of the
order of 107 K The nuclear fusion reactions are
known as thermo-nuclear reactions.

Hydrogen Bomb: The principle of nuclear fusion
is used in hydrogen bomb. It is an explosive
device to release a very large amount of energy
by the fusion of light nuclei.

3 2 4 1
H+ H?>— He*+ n'+ energy

Elementary Particles

= The study of the structure of atom reveals that
the fundamental particles electron, proton
and neutron are the building blocks of an
atom. But the extensive studies on cosmic rays
have revealed the existence of numerous new
nuclear particles like mesons. These particles
are classified into four major groups as
photons, leptons mesons and baryons.
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8.3 PROPERTIES OF CATHODE RAYS
1. They travel in straight lines.

2. Cathode rays possess momentum and
kinetic energy.

3. Cathode rays produce heat, when allowed
to fall on matter.

4. Cathode rays produce fluorescence when
they strike a number of crystals, minerals
and salts.

5. When cathode rays strike a solid substance
of large atomic weight, X-rays are produced.

6. Cathode rays ionize the gas through which
they pass.

7. Cathode rays affect the photographic plates.

8. The cathode rays are deflected from their
straight line path by both electric and
magnetic fields. The direction of deflection
shows that they are negatively charged
particles.

9. Cathode rays travel with a velocity upto
(1/10)* of the velocity of light.

10. Cathode rays comprises of electrons which
are fundamental constituents of all atoms.

8.4 PROPERTIES OF CANAL RAYS

1. They are the streams of positive ions of
the gas enclosed in the discharge tube. The
mass of each ion is nearly equal to the mass
of the atom.

2. They are deflected by electric and magnetic
fields. Their deflection is opposite to that of
cathode rays.

3. They travel in straight lines.

4. The velocity of canal rays is much smaller
than the velocity of cathode rays.

5. They affect photographic plates.
6. These rays can produce fluorescence.

7. They ionize the gas through which they
pass.

8.5 ATOM MODELS

= In 1803, Dalton, showed that the matter is made
up of extremely small particles called atoms.
Prout (1815), suggested that all elements are
made up of atoms of hydrogen.

8.5.1 Thomson Atom Model

= An atom is a sphere of positive charge having
a radius of the order of 10"°m.

= The positive charge is uniformly distributed
over the entire sphere and the electrons are
embedded in the sphere of positive charge.

= The total positive charge inside the atom is
equal to the total negative charge carried by
the electrons, so that every atom is electrically
neutral.

8.5.2 Rutherford’s a-Particle Scattering
Experiment

= The scattering of the a-particles by a thin gold
foil in order to investigate the structure of the
atom.

= An a-particle is a positively charged particle
having a mass equal to that of helium atom
and positive charge in magnitude equal to
twice the charge of an electron.

1. Atom may be regarded as a sphere of
diameter 10"°m, but whole of the positive
charge and almost the entire mass of the
atom is concentrated in a small central core
called nucleus having diameter of about 10-
14m.

2. The electrons in the atom were considered
to be distributed around the nucleus in the
empty space of the atom. If the electrons
were at rest, they would be attracted and
neutralized by the nucleus. To overcome
this, Rutherford suggested that the electrons
are revolving around the nucleus in circular
orbits, so that the centripetal force is provided
by the electrostatic force of attraction
between the electron and the nucleus.

3. As the atom is electrically neutral, the total
positive charge of the nucleus is equal to the
total negative charge of the electrons in it.

8.5.3 Bohr Atom Model

* An electron cannot revolve round the nucleus
in all possible orbits. The electrons can revolve
round the nucleus only in those allowed
or permissible orbits for which the angular
momentum of the electron is an integral
multiple of h 251 (where h is Planck’s constant
=6.626 x 10 ]Js).
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= These orbits are called stationary orbits or
nonradiating orbits and an electron revolving
in these orbits does not radiate any energy.
If m and v are the mass and velocity of the
electron in a permitted orbit of radius r then
angular momentum of electron.

mvr = nh/251

= where n is called principal quantum number
and has the integral values 1, 2, 3 ... This is
called Bohr’s quantization condition. A  n
atom radiates energy, only when an electron
jumps from a stationary orbit of higher energy
to an orbit of lower energy.

= If the electron jumps from an orbit of energy
E, to an orbit of energy E,, a photon of energy
hv =E, - E, is emitted. This condition is called
Bohr’s frequency condition.

r, =053 A
This is called Bohr radius.

8.5.4 Spectral Series of Hydrogen Atom

* Electron in a hydrogen atom jumps from
higher energy level to the lower energy level,
the difference in energies of the two levels is
emitted as aradiation of particular wavelength.

= Itis called a spectral line. As the wavelength of
the spectral line depends upon the two orbits
(energy levels) between which the transition
of electron takes place, various spectral lines
are obtained.

1. Lyman Series: When the electron jumps
from any of the outer orbits to the first
orbit, the spectral lines emitted are in the
ultraviolet region.

n =1, n2=2,3...

2. Balmer Series: When the electron jumps
from any of the outer orbits to the second
orbit, we get a spectral series called the
Balmer series. All the lines of this series
in hydrogen have their wavelength in the
visible region.

n =2,n,=34..

3. Paschen Series: This series consists of all
wavelengths which are emitted when the
electron jumps from outer most orbits to
the third orbit This series is in the infrared
region.

Formula for H2 Series, Wave number

=Ly 1

n’ n,’
4. Brackett Series: The series obtained by the
transition of the electron from n, =5, 6... to
n, = 4 is called Brackett series.
= The wavelengths of these lines are in the

infrared region.

5. Pfund Series: The lines of the series are
obtained when the electron jumps from any
state n, = 6, 7... to n, = 5. This series also lies
in the infrared region.

8.5.5 Excitation and lonization Potential
of an Atom

* The energy required to raise an atom from
its normal state into an excited state is called
excitation potential energy of the atom.

* Hydrogen atom, the energy required to
remove an electron from first orbit to its
outer most orbit (n =) 13.6 - 0 =13.6 eV.

= This energy is known as the ionization
potential energy for hydrogen atom.

8.5.6 Sommerfeld Atom Model

* In order to explain the observed fine structure
of spectral lines, Sommer feld introduced two
main modifications in Bohr’s theory.

* According to Sommerfeld, the path of an
electron around the nucleus, in general, is an
ellipse with the nucleus at one of its foci.

* The velocity of the electron moving in an
elliptical orbit varies at different parts of the
orbit.

= This causes the relativistic variation in the
mass of the moving electron.

8.6 X-RAYS

= A Germanscientist, Wilhelm Roentgen, in 1895,
discovered X-rays X-rays are electromagnetic
waves of short wavelength in the range of 0.5
Ato10 A,

= Roentgen was awarded Nobel prize in 1901
for the discovery of X-rays.
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8.6.1 Production of X-Rays

Modern Coolidge Tube

= X-rays are produced, when fast moving
electrons strike a metal target of suitable
material. The basic requirement for the
production of X-rays are:

1. A source of electrons

2. Effective means
electrons and

of accelerating the

3. A target of suitable material of high
atomic weight.

8.6.2 Soft X-Rays and Hard X-Rays
= X-rays are of two types: (i) Soft X-rays and (ii)
Hard X-rays
1. Soft X-rays: X-rays having wavelength of
4 A or above, have lesser frequency and
hence lesser energy. They are called soft
X-rays due to their low penetrating power.
They are produced at comparatively low
potential difference.

2. Hard X-Rays: X-rays having
wavelength of the order of 1 A have high
frequency and hence high energy. Their
penetrating power is high, therefore
they are called hard X-rays. They are
produced at comparatively high potential
difference.

low

8.6.3 Properties of X-Rays

= X-rays are electromagnetic waves of very short
wave length. They travel in straight lines with
the velocity of light. They are invisible to eyes.

1. They undergo reflection, refraction,
interference, diffraction and polarisation.

2. They are not deflected by electric and
magnetic fields. This indicates that X-rays
do not have charged particles.

3. They ionize the gas through which they
pass.

4. They affect photographic plates.

5. X-rays can penetrate through the substances
which are opaque to ordinary light e.g. wood,
flesh, thick paper, thin sheets of metals.

6. When X-rays fall on certain metals, they
liberate photo electrons (Photo electric effect).

7. X-rays have destructive effect on living
tissue. When the human body is exposed
to X-rays, it causes redness of the skin,
sores and serious injuries to the tissues and
glands. They destroy the white corpuscles
of the blood.

8. X-rays do not pass through heavy metals
such as lead and bones. If such objects are
placed in their path, they cast their shadow.

8.6.4 Applications of X-Rays

= X-rays have a number of applications. Some of
them are listed below:

1. Medical Applications

= X-rays are being widely used for detecting
fractures, tumours, the presence of foreign
matter like bullet etc., in the human body.

= X-rays are also used for the diagnosis of
tuberculosis, stones in kidneys, gall bladder
etc.

= Many types of skin diseases, malignant
sores, cancer and tumours have been cured
by controlled exposure of X-rays of suitable
quality.

= Hard X-rays are used to destroy tumours very
deep inside the body.

2. Industrial Applications

= X-rays are used to detect the defects or flaws
within a material

= X-rays can be used for testing the homogeneity
of welded joints, insulating materials etc.

= X-rays are used to analyse the structure of
alloys and the other composite bodies.

= X-rays are also used to study the structure of
materials like rubber, cellulose, plastic fibres
etc.

as the quantity of radiation which produces 1.6 x 10" pairs of ions in 1 gram of air.

I = The radiation exposure is measured by the unit called roentgen (R). One roentgen is defined
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3. Scientific Research

X-rays are used for studying the structure of
crystalline solids and alloys.

X-rays are used for the identification of
chemical elements including determination of
their atomic numbers.

X-rays can be used for analyzing the structure
of complex molecules by examining their
X-ray diffraction pattern.

Radioactivity

* Radioactivity was discovered by Henri
Becquerel in 1896.

* The phenomenon of spontaneous
emission of highly penetrating

radiations such as a, p and y-rays by
heavy elements having atomic number
greater than 82 is called radioactivity
and the substances which emit these

radiations are called radioactive
elements.
* The radioactive phenomenon is

spontaneous and is unaffected by
any external agent like temperature,
pressure, electric and magnetic fields
etc.

8.7 RADIOACTIVITY
8.7.1 Properties of a-Rays

An a-particle is a helium nucleus consisting of
two protons and two neutrons. It carries two
units of positive charge.

They move along straight lines with high
velocities.

They are deflected by electric and magnetic
fields.

They produce intense ionisation in the gas
through which they pass. The ionising power
is 100 times greater than that of B-rays and
10,000 times greater than that of y-rays.

They affect photographic plates.

They are scattered by heavy elements like
gold.

They produce fluorescence when they fall
on substances like zinc sulphide or barium
platinocyanide.

8.7.2 Properties of p-Rays

[B-particles carry one unit of negative charge
and mass equal to that of electron.Therefore,
they are nothing but electrons.

The B-particles emitted from a source have
velocities over the range of 0.3 c to 0.99 c,
where c is the velocity of light.

They are deflected by electric and magnetic
fields.

The ionisation power is comparatively low.
They affect photographic plates.

They penetrate through thin metal foils and
their penetrating power is greater than that of
a-rays.

They produce fluorescence when they fall on
substances like barium platinocyanide.

8.7.3 Properties of y-Rays

They are electromagnetic waves of very short
wavelength.

They are not deflected by electric and magnetic
fields.

They travel with the velocity of light.

They produce very less ionisation.

They affect photographic plates.

They have a very high penetrating power,
greater than that of B-rays.

They produce fluorescence.

They are diffracted by crystals in the same
way like X-rays are diffracted.

Half Life Period

= Since all the radioactive elements have
infinite life period, in order to distinguish
the activity of one element with another,
half life period and mean life period
are introduced. The half life period of
a radioactive element is defined as the
time taken for one half of the radioactive
element to undergo disintegration. From
the law of disintegration

N =N_e™

= The half life and mean life are related as
T,=0.6931/N\;, T, =0.69311
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8.7.4 Neutron

= Chadwick in the discovered that the emitted
radiation consists of particles of mass nearly
equal to proton and no charge.

9 4 12 1
,Be’ + He*— C?+ n
where n' represents neutron.
Properties of Neutrons

1. Neutrons are the constituent particles of all
nuclei, except hydrogen.

2. Neutrons are neutral particles with no
charge and mass slightly greater than that
of protons. Hence, they are not deflected by
electric and magnetic fields.

3. Neutrons are stable inside the nucleus. But
outside the nucleus they are unstable. The
free neutron decays with an emission of
proton, electron and antineutrino, with half
life of 13 minutes. n'— H'+ _e’+v

4. As neutrons are neutral, they can easily
penetrate any nucleus.

5. Neutrons are classified according to their
kinetic energy as (a) slow neutrons and (b)
fastneutrons. Both are capable of penetrating
a nucleus causing artificial transmutation of
the nucleus. Neutrons with energies from
0 to 1000 eV are called slow neutrons. The
neutrons with an average energy of about
0.025 eV in thermal equilibrium are called
thermal neutrons. Neutrons with energies
in the range between 0.5 MeV and 10 MeV
are called fast neutrons. In nuclear reactors,
fast neutrons are converted into slow
neutrons using moderators.

8.7.5 Artificial Radio Activity

= Artificial radio activity or induced radio
activity was discovered by Irene Curie and F.
Joliot in 1934. This is also known as man-made
Radio activity.

Applications of Radio-Isotopes

1. Medical Applications

* In medical field, radio-isotopes are used both
in diagnosis and therapy. Radio cobalt (Co®)
emitting y-rays is used in the treatment of
cancer. Gamma rays destroy cancer cells to a
greater extent.

* Radio-sodium (Na*) is used to detect the
presence of blocks in blood vessels, to check
the effective functioning of heart in pumping
blood and maintaining circulation.

* Radio-iodine (I'*') is used in the detection
of the nature of thyroid gland and also for
treatment. Radioiodine is also used to locate
brain tumours.

* Radio-iron (Fe*) is used to diagnose anaemia.
An anaemic patient retains iron in the
blood longer than normal patient. Radio-
phosphorous (P®) is used in the treatment of
skin diseases.

2, Agriculture

= In agriculture, radio-isotopes help to increase
the crop yields. Radio-phosphorous (P*)
incorporated with phosphate fertilizer is
added to the soil.

* The plant and soil are tested from time to
time. Phosphorous is taken by the plant for
its growth and radio-phosphorous is found to
increase the yield.

= Sprouting and spoilage of onions, potatoes,
grams etc, are prevented by exposure to a very
small amount of radiation. Certain perishable
cereals remain fresh beyond their normal life
span when exposed to radiation.

3. Industry

= In Industry, the lubricating oil containing
radio-isotopes is used to study the wear and
tear of the machinery.

4. Molecular Biology

* In molecular biology radio-isotopes are used
in sterilizing pharmaceutical and surgical
instruments.

5. Radio-Carbon Dating

* In the upper atmosphere, C* is continually
formed from N due to the bombardment by
neutrons produced from cosmic rays.

14 1 14% 1
7N + []n - 6C + 1H

= The C" is radioactive with half life of 5570
years. The production and the decay of C' are
in equilibrium in atmosphere. The ratio of C*
and C'? atoms in atmosphere is 1 : 10°. Hence,
carbon dioxide present in the atmosphere
contains a small portion of C*.
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* Living things take C" from food and air.
However with death, the intake of C! stops,
and the C™ that is already present begins to
decay. Hence the amount of C* in the sample
will enable the calculation of time of death i.e,
the age of the specimen could be estimated.
This is called radio-carbon dating. This
method is employed in the dating of wooden
implements, leather clothes, charcoal used in
oil paintings, mummies and so on.

8.7.6 Biological Hazards of Nuclear

Radiations

* When y-ray or any high energy nuclear
particle passes through human beings, it
disrupts the entire normal functioning of the
biological system and the effect may be either
pathological or genetic.

= The biological effects of nuclear radiation can
be divided into three groups
1. Short term recoverable effects
2. Long term irrecoverable effects and
3. Genetic effect.

The extent to which the human organism is
damaged depends upon
1. The dose and the rate at which the radiation
is given and

2. The part of the body exposed to it.

3. Smaller doses of radiation exposure produce
short term effects such as skin disorder and
loss of hair. If the exposure is 100 R¥, it may
cause diseases like leukemia (death of red
blood corpuscle in the blood) or cancer.
When the body is exposed to about 600 R,
ultimately it causes death.

4. Safe limit of receiving the radiations is about
250 milli roentgen per week. The genetic
damage is still worse.

5. The radiations cause injury to genes in
the reproductive cells. This gives rise to
mutations which pass on from generation
to generation.

The following precautions are to be taken
for those, who are working in radiation
laboratories.

1. Radioactive materials are kept in thick-
walled lead container.

2. Lead aprons and lead gloves are used while
working in hazardous area.

3. All radioactive samples are handled by a
remote control process.

4. A small micro-film badge is always worn by
the person and it is checked periodically for
the safety limit of radiation.
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TNPSC PREVIOUS YEAR QUESTIONS

The type of ray that appears to originate
outside the earth is

8. Nuclei with equal number of neutrons are

(A) Isotopes (B) Isobars

(A) X-ray (B) Cosmic ray (C) Isomers (D) Isotones

(C) Alpha ray (D) Beta ray Hydrogen bomb is based on the principle of
2. Metals are electropositive because by (A) Nuclear explosion (B) Nuclear fusion

(A) Accept electrons (C) Nuclear fission

(B) Donate electrons (D) Slow reaction

(C) Are neutral . Fast Breeder Test Reactor is at

(D) Have electrons (A) Trombay (B) Kaiga
3. The rays similar to X-rays but of smaller (C) Kudankulam (D) Kalpakkam

wavelength that are given off by radioactive , , . )

substances are 1. The' term .Boson in Higgs boson has an

Indian origin because
(A) o-rays (B) p-rays . .
. (A) Of the financial support of Indian
(C) y-rays (D) Cosmic rays
Government towards research

4. X-ray cannot pass through (B) Higgs particle was found theoretically

(A) Glass (B) Gold by Indian Physicist S.N. Bose

(C) Carbon (D) Oxygen (C) It was the name given to the particles
5. The nucleus of an atom contains obeying Bose - Einstein statistics

(A) Neutrons and electrons (D) It was coined by Bose

(B) Protons and electrons . The unit of radiation exposure is

(C) Protons and neutrons (A) Candela (B) Dioptre

(D) Neutrons only (C) Kelvin (D) Roentgen
6. The radio-isotope used to check the effective . Consider the following statements:

functioning of heart is . -

AV B) Na 1. The Atomic Energy Commission was set

(C) Fe (D) Pi up under the chairmanship of Homi

(C) Fe (D) J. Bhaba to formulate a policy for all atomic
7. The radio isotope used in the treatment of energy activities in the country.

cancer 1? 2. In 1956 India’s first nuclear reactor in

(A) Rad-lo co.balt. Trombay near Bombay began to function.

(B) Radl.oa.ctn‘/e ron Which of the statements is/are correct?

© Radl.o 1oc.hne . (A) 1 only (B) 2 only

(D) Radioactive sodium (C) Both 1 and 2 (D) Neither 1 nor 2

ANSWER
1 3 5 6 7 9 10 | 11 12 | 13
B B C B A B D B D C
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Scientific Instruments

Scientific Instrument and their Applications

Instruments Applications
Air Cooler An apparatus for cooling the air. Here air is blown through water and
atmosphere cooled.
Altimeter An instrument used in aircrafts for measuring altitudes.
Ammeter An instrument used for measuring electric current.
Anemometer An instrument to measure the speed and pressure of the wind.
Audiometer It measures intensity of sound.

Beaufort scale

It is used to measure wind force.

An instrument which registers automatically the altitude reached by an

Barograph
grap aeroplane.

Barometer An instrument to measure atmospheric conditions and changes.
Binocular It is used to view distance objects.
Callipers A compass with legs for measuring the inside or outside diameter of bodies.
Calorimeter An instrument used for measuring quantities of heat.

An apparatus for charging air with petrol vapours in an internal combustion
Carburettor PP &g P P

engine.

. An apparatus for projecting pictures on the screen in so rapid a succession

Cinematograph PP Projeciing pie P

that picture seems to be in motion.

An instrument for recording electrically the response of living matter to
Crescograph . . S

various kinds of stimuli.
Cardiograph Is a medical instrument for tracing heart movements.
Chronometer Is a clock to determine longitude of a vessel at sea.
Cyclotron It is an apparatus for smashing atoms.

These are data-processing machines, which provide the information
Computers . .

according to the requirements.
Dictaphone A trade name for a tape recorder.
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Instruments Applications
Dynamo A machine used for transforming mechanical energy into electrical energy.
Dynamometer It measures electrical powers.

Electric Motor

Machine for using electricity as a motive power.

Electrometer An instrument for measuring electrical potential differences.
Epidiascope For projecting films as well as images of opaque articles on a screen.

. It is a glass tube for measuring volumes changes in the chemical reactions
Eudiometer

between gases.

Endoscope It examines internal parts of the body.
Fathometer Is an instrument used for measuring depth of the ocean.
Gramophone A machine for reproducing recorded sound.
Hydrophone An instrument for measuring the density of liquids with that of water.
Hygrometer An apparatus for measuring the humidity of air.
Internal An engine in which heat energy added the air within the working cylinder
Combustion and converted into mechanical work through the medium of a piston or by
Engine a turbine rotator.
Lactometer A typical hygrometer for testing pure milk.
Laser A device to throw a thin beam of light that is carried over great distances.
Water Meter For measuring gallons of water consumed.

Volta meter

For measuring electricity consumed.

A part of the motor car that converts mechanical energy into electrical

Magneto
energy.
Manometer For determining the pressure of a gas.
Micrometer An instrument for measuring distance of angles.
. An instrument which intensifies and renders audibly the faintest possible
Microphone
sound.
. An optical instrument for producing greatly magnified images of ver
Microscope P . p 56 Y & & y
small objects.
It is an instrument by which the distance covered by wheeled vehicles is
Odometer
measured.
. Optical instrument used in trench warfare and in submarines for enabling
Periscope

an observer to see surrounding objects from a lower level.

Phonograph

Is an instrument used for reproducing sound.
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Instruments Applications
Is an apparatus used to compare the illuminating power of two sources of
Photometer . PP p &P
light.
. It is a glass tube with the aid of which a definite volume of liquid may be
Pipette
transferred.
Pyrometer Is an instrument for measuring high temperatures.
An instrument to detect the presence of enemy aircraft, submarine, etc.,
Radar .. . . .
and also to determine its direction, distance and speed.
Radiogram A combined radio and gramophone.

Refract meter

It is an instrument to measure refractive indices.

Radiometer An instrument for measuring the radiant energy of light and heat.
Samaphore System of signalling between two places generally ships.
Seismometer It is an apparatus for measuring the origin of earthquakes.
Sextant An instrument for measuring angle.
Device for producing an electric spark to set off combustion in the cylinder
Spark Plug v 7> & b 4
of a petrol engine.
Stethoscope A doctor’s tool to listen to the beat of the heart.
A binocular optical instrument through which a double Photograph taken
Stereoscope . y .
from two slightly different angles by two lenses cameras is viewed.
Speedometer An instrument which registers the speed of the vehicle.
A device by virtue of which two persons at two different places can
Telephone communicate. It consists of two main parts (i) a microphone and (ii) a
receiver.
It is a space communication satellite developed by Bell for overseas
communications. It was launched on July 10, 1962 from Cape Kennedy
Telstar (USA). Telstar, in addition to telephone calls, enables television microwave
transmissions to be made from and to any country with a receiving and
transmitting station.
Telemeter Is an apparatus for recording physical events happening at a distance.
An instrument for use in land surveying for measuring vertical and
Theodolite . veying &V
horizontal angles.
Thermometer It is an instrument to measure the temperature.

Thermionic valve

Used in wireless telegraphy and radio broadcasting.

Thermostat

It is an instrument which controls temperature automatically. It is used in
refrigerators, air- conditioners, geysers etc.
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Instruments Applications
It is an electric apparatus which is used to convert high voltage to low and
Transformer .
vice versa.
Tachometer An instrument for measuring the speed of aeroplanes, motors, etc.
Television It is the transmission of images of moving objects by radio waves.
Telescope An instrument designed to view the distant object easily.

An instrument which prints automatically messages sent from one place to

Tele Print i
ele trinter another on telegraph lines.

Viscometer Is an instrument to measure viscosity.

It is an instrument to measure the potential difference across two points of

Voltmeter . ..
an electrical circuit.

Volta meter It is an apparatus for producing electrolysis in liquids.

Is an instrument for the direct measurement of power in watt of an electrical

Wattmeter ..
circuit.

TNPSC PREVIOUS YEAR QUESTIONS

1. Venturimeter is used to measure
A) Fluid Velocity

3. The property of attraction or repulsion
between charged bodies is used in

(
(B) Fluid Surface Tension
(C) Fluid Temperature
(D) Fluid Density

Which one of the following is correctly

matched?

(A) Dempster’'s Mass - Masses of isotopes
spectrograph

(B) Cathode Ray - Masses of  Atom
oscilloscope

(C) Coolidge Tube - Solar spectrum

(D) Cyclotron - Thermal conductivity

ANSWER

1 2 S 4

A A B C

(A) AC Generator
(B) Electrostatic paint spraying
(C) Potentiometer
(D) Metre Bridge
is used to find the depth of the sea.
(A) Spectrometer
(B) Spherometer
(C) Fathometer
(D) Ammeter



Appendix 1l

Inventions and Discoveries

Year Discoveries Country

¢ 500 BC | Static electricity Thales of Miletus, Greece

¢ 240 BC | How things float Archimedes, Greece
c 150 Earth-centred universe Claudius Ptolemy, Greece
1304 Cause of rainbow Nicolaus Copernicus, Poland
1600 Earth’s magnetism William Gilbert, England
1604 How objects fall Galileo Galilei, Italy
1609 How the planets move Johannes Kepler, Germany
1609 Moons of Jupiter Galileo Galiei, Italy
1616 Chemical element defined Robert Boyle, Ireland
1643 Air Pressure Evangelista Torricelli, Italy
1662 Law of gases Robert Boyle, Ireland
1666 Nature of white light Isaac Newton, England
1666 Gravity Isaac Newton, England
1687 Laws of motion Isaac Newton, England
1690 Wave theory of light Christian Huygens, Holland
1718 Fahrenheit temperature scale Gabriel Fahrenheit, Germany
1742 Centigrade temperature scale Anders Celsius, Sweden
1752 The nature of lightning Benjamin Franklin, USA
1772 Nature of Combustion Antonie Lavoisier, France
1774 Preparation of Oxygen Joseph Priestley, England
1791 Metric system of Units France
1798 Nature of heat Count Rumford, England
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Year Discoveries Country

1800 Wave nature of light Thomas Young, England

1800 Electric current Alessandro Volta, Italy

1802 Atomic theory John Dalton, England

1807 Discoyt?ry of new elements using Humphry Davy, England
electricity

1808 How gases combine Joseph Gay-Lussac, France

1811 Molecules in gases Amedeo Avogadro, Italy

1820 Electromagnetism Hans Oersted, Denmark

1820 Force between current carrying wires Andre Ampere, France

1827 Law of electric current George Ohm, Germany

1831 Electromagnetic induction Michael Faraday, England

1833 Laws of Electrolysis Michael Faraday, England

1841 Heat and work James Joule, England

1855 Prediction of radio-waves James Maxwell, Scotland

1869 Periodic table of elements Dimitri Mendelev, USSR

1887 Radio waves discovered Heinrich Hertz, Germany

1887 Speed of light Albert Michelson, USA

1894 Noble gases William Ramsey, Scotland

1895 X-rays Wilhelm Rontgen, Germany

1896 Radioactivity Antoine Becquerel, France

1897 Electron Joseph John Thomson, England

1898 Radium Pierre and Marie Curie, France

1899 Alpha and Beta particles Ernest Rutherford, New Zealand

1900 Quantum theory Max Planck, Germany

1903 Theory of radioactivity E;:gzlljf therfogclc(ilg;w(gr?g:;lj; and

1905 Relativity Albert Einstein, Germany

1905 Photoelectric effect Albert Einstein, Germany

1911 Atomic nucleus Ernest Rutherford, New Zealand
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Year Discoveries Country
1911 Superconductors Heike Kammerlingh Onnes, Holland
1913 Structure of the atom Niels Bohr, Denmark
1915 General relativity Albert Einstein, Germany
1919 Proton Ernest Rutherford, New Zealand
1926 Wave nature of matter Erwin Schroedinger, Austria
1927 Uncertainty principle Werner Heisenberg, Germany
1929 Expanding universe Edwin Hubble, USA
1932 Neutron James Chadwick, England
1938 Nuclear Fission Otto Hahn, Germany
1939 Chemical bonding Linus Pauling, USA
1964 Quark Murray Gell-Mann, USA
1974 Black hole Stephen Hawking, England
1984 Polymerase chain Kary Mullis, USA
1986 High-temperature superconductors giz);le(lxe(ingiifr?}j) and George
Year Inventions Country
¢ 4000 BC | Wheel Asia
¢ 4000 BC | Weighing instruments Mesopotamia
¢ 3500 BC | Potters wheel Mesopotamia
236 BC Screw for lifting water Archimedes, Greece
600 BC | Castiron China
¢ 1000 Gunpowder China
1088 Water-powered clock Han Kung-Lien, China
1267 Magnifying glass Roger Bacon, England
1280 Spectacles Sadi Popozo, Italy
c 1450 Printing Press Johannes Gutenberg, Germany
¢ 1590 Microscope Zacharias Janseen, Holland
c 1593 Thermometer Galileo Galilei, Italy
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Year Inventions Country
c 1608 Lens telescope Hans Lippershey, Holland
1642 Adding machine Blaise Pascal, France
1643 Mercury barometer Evangelista Torricelli, Italy
1657 Pendulum clock Christiaan Huygens, Holland
1668 Reflecting telescope Issac Newton, England
1674 Calculating machine Gottfried von Leibniz, Germany
1698 Steam engine Thomas Savery, England
1764 Spinning machine James Hargreaves, Engand
1712 Steam-driven pump Thomas Newcomen, England
1733 Mechanical loom John Kay, England
1752 Lightening conductor Benjamin Franklin, USA
1769 Efficient steam engine James Watt, England
1769 Steam-driven carriage Nicolas Cugnot, France
1775 Submarine David Bushnell, USA
1786 Steam boat John Fitch, USA
1783 Hot-air Balloon Eiir;e and Joseph Montgolfier,
1800 Electric battery Alessandro Volta, Italy
1803 Steam train Richard Trevithick, England
1820 Electromagnet Hans Oersted, Denmark
1822 Photograph Josephe Niepce, France
1831 Transformer Michael Faraday, England
1831 Dynamo Michael Faraday, England
1831 Electric motor Michael Faraday, England
1835 Photographic negative William Fox Talbot, England
1837 Electric telegraph xﬁgjg}cif:’)l;en;fnghaﬂes
1838 Morse code Samuel Morse, USA
1839 Bicycle Kirkpatrick Macmillan, Scotland
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Year Inventions Country
1843 Aneroid barometer Lucien Vidi, France

1843 Iron-pulled ship Isambard, Brunei

1843 Analytical engine Charles Babbage, England
1852 Steam-powered airship Henri Giffard, France

1856 Steel furnace Henry Bessemer, England
1856 Synthetic dyes William Perkin, England
1859 Spectroscope gggi:tléi;};:g E(?ecirnany
1860 Gas-burning engine Etienne Lenoir, Belgium
1862 Plastics Alexander Parkes, England
1866 Dry cell battery Georges Leclanche, France
1867 Dynamite Alfred Nobel, Sweden
1876 Telephone Alexander Graham Bell, USA
1876 Four-stroke gas engine Nikolaus Otto, Germany
1877 Phonograph Thomas Edison, USA

1879 Electric Light Thomas Edison, USA

1879 Refrigerator Karl Von Linde, Germany
1882 Sewing machine Waiter Hunt, USA

1883 Petrol engine Gottlieb Daimler, Germany
1884 Steam turbine Charles Parsons, England
1885 Motorcycle Gottlieb Daimler, Germany
1885 Motor car Karl Benz, Germany

1888 Pneumatic cycle tyre John Dunlop, Scotland
1889 Telephone exchange Almon Strowger, USA
1891 Moving pictures Thomas Edison, USA

1891 Electrical storage-battery Gaston Plant, France

1892 Oil-burning engine Rudolf Diesel, Germany
1894 Radio transmitter Guglielmo Marconi, Italy
1897 Cathode-ray tube Ferdinand Braun, Germany
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Year Inventions Country

1898 Tape recorder Valdemar Poulsen, Denmark

1900 Hydrofoil boat E. Forlanini, Italy

1903 Aeroplane Wilbur and Orville Wright, USA
1904 Diode valve John Ambrose Fleming, England
1907 Helicopter Paul Cornu, France

1908 Geiger counter Hans Geiger, Germany

1918 Sonar Paul Lengevin, France

1925 Television John Logie Baird, Scotland

1926 Liquid-fuelled rocket Robert Goddard, USA

1930 Jet engine Frank Whittle, England

1931 Electron microscope Max Knoll and Ernst Ruska, Germany
1931 Cyclotron Ernest Lawrence, USA

1935 Nylon Wallace Carothers, USA

1935 Radar Robert Watson-Watt, England
1937 Radio telescope Grote Reber, USA

1938 Scanning electron microscope M. Von Ardenne, Germany

1942 Nuclear reactor Enrico Fermi, USA

1947 Transistor @ﬁiﬁfﬁ;;gg?; Schokley and
1947 Instant Camera Edwin Land, USA

1948 Computer El:g(ﬁiri;ﬁlliams and Tom Kilburn,
1948 Hologram Denis Gabor, Hungary

1949 Rotary engine Felix Wankel, Germany

1954 Communication satellite Arthur Clarke, England

1955 Ultrasound scanning I. Donald, England

1956 Video recorder A. Poniatoff, USA

1957 First artificial satellite USSR

1958 Integrated circuit Jack Kilby, USA
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Year Inventions Country

1960 Laser Theodore Maiman, USA

1961 First man in space Yuri Gagarin, USSR

1962 First communication satellite launched USA

1966 Optical fibres K. Kao and G. Hockham, England

1969 First men on Moon Neil Armstrong and Edwin Aldrin, USA

1971 Microprocessor Ted Hoff, USA

1971 First space station USSR

1981 Space Shuttle USA

1980 Hepatitis B Baruch
Vaccine invented Blumberg, USA

1981 MS-DOS invented Tim Paterson and Gary
1st IBM-PC invented Kindal, USA

1985 Windows Program Microsoft, USA

1986 Sc.anning tunneling Gr§d Karl Binning and
microscope Heinrich Rohrer

1991 WWW (World Wide Web) Tim Berner Lee

2001 iPod Tony Fadell, USA

2007 Self contained artificial Heart Alain F. Carpentier, France

2005 You Tube.— The online Viddo REig Steve Chen, Chad and Jawed Karim
Community

2008 Large Hadron Colloider CERN French-Swiss border

Nevutrino Oscillation

= It is a quantum mechanical phenomenon where by a neutrino created with a specific lepton

flavour (electron Muon or tau) can later be measured to have a different flavour.

Atomic Industrial Organisation

Heavy Water Board (HWB) Mumbai
Nuclear Fuel Complex ( NFC) Hyderabad
Board Of Radiation & Isotope Technology (BRIT) Mumbai
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Atomic Public Sectors

Nuclear power corporation of India limited (NPCIL) Mumbai
Uranium corporation of India Limited (UCIL) Jharkhand
Indian rare earth limited (IRE) Mumbai
Electronics corporation of India limited (ECIL) Hyderabad

Autonomous National Institutes

Tata Institute of Fundamental Institute (TIFR) Mumbai

Tata Memorial Centre (TMC) Mumbai

Saha Institute of Nuclear Physics (SINP) Kolkata
Institute of Physics (IOP) Bhubaneshwar
Harish-Chandra Research Institute (HRI) Allahabad
Institute of Mathematical Sciences (IMSS) Chennai
Institute for Plasma Research (IPR) Ahmedabad

Nobel Prize in Physics

2018 » Gérard Mourou, Arthur Ashkin and Donna Strickland
2017 = Rainer Weiss, Barry C. Barish and Kip S. Thorne
* David J. Thouless, F. Duncan M. Haldane and John. M. Kosterlitz: For theoretical
2016 . . | s .
discoveries of topological phase transitions and topological phase of matter.
= Takaaki kajita and Arthuv B. Mc Donald: For the discovery of neutrino oscillations,
2015 . .
which shows that neutrinos have mass.
* Isamu Akasaki, Hiroshi Amano and Shuji Nakamuva: For the invention of efficient
2014 blue light-emitting diodes which has enabled bright and energy saving white light
sources.
= Francois Englert and Perter W. Higgs: For the theoretical discovery of a
2013 mechanism that contributes to our understanding of the origin of mass of subatomic
particles and which recently was confirmed through the discovery of the ATLAS
and CMS experiments at CERN’s large Hadron collider.
= Serge Haroche and David J. Wineland: For ground breaking experimented methods
2012 . . . T
that enable measuring and manipulation of individual quantum systems.
2011 = Saul Perlmutter, Brian P. Schmidt, Adam G.Riess: For the discovery of the

accelerating expansion of the universe through observation of distant supernovae.
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Famous Scientists and their Coniributions

Scientists Name Major Contributions/Discoveries Country
Isaac Newton g:fllzzls;; Ir}zlexzsocfo gliavitation; Laws of Motion; UK
Galileo Galilei Law of inertia Italy
Archimedes Principle of Buoyancy; Principle of the lever Greece
James Clerk Maxwell ]ealleeccg(;);::gg;lee:iicc xf\tl:\?sy; Light-and UK
W.C. Roentgen X-rays Germany
Marie Sklodowska Curie E;;Cli;’le II:Z d(i)f)eljce}c?\j;c? and Polonium; Studies on Poland
Albert Einstein Law of Photoelectricity; Theory of Relativity Germany
S.N. Bose Quantum Statistics India
James Chadwick Neutron UK
Niels Bohr Quantum Model of Hydrogen atom Denmark
Earnest Rutherford Nuclear model of atom Denmark
C.V.Raman Inelastic scattering of light by molecules India
Christian Huygens Wave theory of light Holland
Michael Faraday Laws of Electromagnetic Induction UK
Edwin Hubble Expanding Universe USA
Homi Jehangir Bhabha Cascade process in cosmic radiation India
Abdus Salam glif.i:;?g:s()f weak and electromagnetic Pakistan
R.A Millikan Measurement of electronic charge USA
Earnest. Lawrence Cyclotron USA
Wolfgang Pauli Quantum Exclusion Principles Austria
Louis de Broglie Wave nature of matter France
J.J. Thomson Electron UK
S Chandrasekhar izljsdrasekhar limit, structure and evolution of India
Lev Davidovich Landau Theory of Condensed Matter; Liquid Helium Russia
Heinrich Rudolf Hertz Electromagnetic waves Germany
J.C. Bose Ultra short radio waves India
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Hideki Yukawa Theory of Nuclear Forces Japan
Werner Heisenberg Quantum Mechanics; Uncertainty Principle Germany
Victor Francis Hess Cosmic Radiation Austria
M.N. Saha Thermal Ionization India
G.N. Ramachandran Triple Helical Structure of Proteins India

Link between Technology and Physics

Technologies

Scientific Principle(s)

Steam engine

Laws of Thermodynamics

Nuclear reactor

Nuclear fission

Radio and Television

Propagation of electromagnetic waves

Computers

Digital logic

LASERS

Light amplification by stimulated emission of radiation
(population inversion)

Production of ultra high magnetic
fields

Superconductivity

Rocket propulsion

Newton’s (2™ and 3'¥) laws of motion

Electric generator

Faraday’s laws of electromagnetic induction

Hydroelectric power

Conversion of gravitational potential energy into
electrical energy

Aeroplane

Bernoulli’s principle in fluid dynamics

Particle accelerators

Motion of charged particles in electromagnetic fields

SONAR

Reflection of ultrasonic waves

Fundamental Forces of Nature

Relative
Forces Strength Ranges Operates Among
Gravitational force 10 Infinite AH. objects in th.e .
universe (Gravitation)

Weak nuclear force 10 Yery short, within nuclear Bosons

size (~10-15 m)
Electromagnetic force 102 Infinite Photons
Strong nuclear force 1 Yery short, within nuclear Mesons

size (~10-15 m)
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National Scientific Laboratories

National Scientific Laboratories and their Locations

Central Building Research Institute

Roorkee

Central Drug Research Institute

Lucknow

Central Electro-Chemical Research Institute

Karaikaudi (TN)

Central Electronics Engineering Research Institute

Pilani (Rajasthan)

Central Food Technological Research Institute Mysore

Central Fuel Research Institute Dhanbad (Jharkhand)
Central Glass and Ceramic Research Institute Kolkata

Central Institute of Medical and Aromatic Plants Lucknow

Central Leather Research Institute Chennai

Central Mining Research Station Dhanbad (Jharhand)

Central Salt & Marine Chemical Research Institute

Bhavnagar (Gujarat)

Central Scientific Instrument Organisation Chandigrah
Indian Institute of Petroleum Dehradun
Industrial Toxicology Research Centre Lucknow
National Botanical Research Institute Lucknow

National Biological Laboratory

Palampur (HP)

National Environment Engineering Institute Nagpur
National Geophysical Research Institute Hyderabad
National Institute of Oceanography Panaji (Goa)
National Metallurgical Laboratory Jamshedpur
National Physical Laboratory New Delhi
Pulsars Research Laboratory Pachmarthi (MP)
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Atomic Research Cenires

Bhabha Atomic Research Centre (BARC) Mumbai-1957

Indira Gandhi Centre For Atomic Research (IGCAR) Kalpakkam-1971

Centre For Advanced Technology (CAT) Indore-1984

Variable Energy Cyclotron Centre (VECC) Kolkata-1977

Atomic Minerals Directorate (AMD) Hyderabad

Atomic Services Organisation

Directors Of Purchase And Stores (DPS) Mumbai

Construction Services And Estate Management Group Mumbai

(CS & EMG)

General Services Organisation (GSO) Tamil Nadu

Atomic Energy Education Society (AEES) Mumbai

Nuclear Power Stations

Tarapur Maharashtra 1969 Two Boiling Water Reactor (BWR)

Rawatbhata Rajasthan 1973 Pressured Heavy Water Reactors (PHWR)

Kalpakkam TamilNadu 1984 Pressured Heavy Water Reactors (PHWR)

Narora Uttar Pradesh 1991 Pressured Heavy Water Reactors (PHWR)

Kakrapar Gujarat 1993 Pressured Heavy Water Reactors (PHWR)

Kaiga Karnataka 2007 Pressured Heavy Water Reactors (PHWR)

Space Programme

Name of the Programmes Location

Vikram Sarabhai Space Centre (VSSC) Thiruvananthapuram

Isro Satellite Centre ( ISAC) Bangalore

Space Applications Centre (SAC) Ahmedabad

Sriharikota Space Centre (SSC) Andhra Pradesh
Thiruvanathapuram,

Liquid Propulsion Systems Centre (LPSC) Bangalore, Mahendragiri
(Tamil Nadu)

Development and Education Communication Unit (Decu) Ahmedabad

Isro Telemetry Tracking and Command Network (ISTRAC) Bangalore

Master Control Facility Karnataka
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Name of the Programmes Location
Isro Inertial System Unit (IISU) Thiruvananthapuram
Physical Research Laboratory (PRL) Ahmedabad
National Remote Sensing Agency (NRSA) Hyderabad
;":Cei lli\i;tz;rll\j[lRl\;[)esosphere Stratosphere Troposphere Radar Gadanki
Laboratory for Electro Optics Systems (LEOS) Bangalore
Region Remote Sensing Service Centres (RRSSC) Bangalore
North Eastern Space Applications Center (NE-SAC) Meghalaya
Semic Conductor Laboratory (SCL) Chandigarph
The Indian Institute of Space Science and Technology (IIST) Thiruvananthapuram
Science and Technology

Name of the Institute Location

Agharkar Research Institute Pune
Birbalshahni Institute of Palaebotany Lucknow
Bose Institute Kolkata
Centre For Cellular and Molecular Biology Hyderbad
Central Arid Zone Research Institute Jodhpur (Rajasthan )
Central Coconut Research Station Kasergod(Kerala)
Central Glass and Ceramic Research Institute New Delhi

Central Inland Fisheries Research Station

Barrackpore (WB)

Central Institute of Fisheries Technology

Erankulam (Kerala)

Central Jute Technological Research Institute

Kolkata

Central Marine Research Station Chennai

Central Rice Research Laboratory Chepuk, Chennai
Central Rice Research Institute Cuttack (Orissa)
Central Tobacco Research Station Rajamundry (AP)
Centre for DNA Fingerprinting and Diagnostics Hyderabad
Centre for Liquid Crystal Research Bangalore

Dr. B.R. Ambedkar National Institute of Technology Jalandhur

High Altitude Research Laboratory Gulmarg ( Kashmir)
Indian Academy of Sciences Bangalore

Indian Agriculture Research Institute New Delhi
Indian Cancer Research Centre Mumbai

Indian Institute of Astrophysics Bangalore
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Science and Technology

Name of the Institute Location
Indian Institute of Geomagnetism Mumbai
Indian Institute of Sugar Technology Kanpur (UP)
Indian Institute of Tropical Meteorology Pune
Indian Lac Research Institute Ranchi
Indian National Academy of Engineering New Delhi
Indian National Centre for Ocean And Information Services Hyderabad
Indian National Science Academy New Delhi
Institute of Bio-Resources and Sustainable Development Imphal
Institute of Life Sciences Bhubaneswar
Institute of Microbial Technology Hyderabad
Jawaharlal Nehru Centre for Advanced Scientific Research Bangalore
Malaviya National Institute of Technology Jaipur
Maulanaazad National Institute of Technology Bhopal
Motilal Nehru National Institute of Technology Allahabad
National Brain Research Centre Manesar
National Centre for Antarctic And Ocean Research Goa
National Centre for Cell Sciences Pune
National Centre for Plant Genome Research New Delhi
National Dairy Research Institute Karnal (Haryana)
National Environment Engineering Research Institute Nagpur (Maharashtra)
National Institute of Immunology New Delhi
National Institute of Ocean Technology Chennai
National Seismological Database Centre New Delhi
National Sugar Research Institute Kanpur (UP)
Physical Research Laboratory Ahmedabad
Raman Research Institute Bangalore
S.V. National Institute of Technology Surat
S.N. Bose National Centre for Basic Science Kolkatta
Seismic Research Centre Bangalore
Sree Chitra Tirunal Institute for Medical Sci. & Tech. Thiruvananthapuram
The Centre for Marine Living Resource & Ecology Kochi
The National Centre for Biological Science Bangalore
The Survey Training Institute Hyderabad
Wadia Institute of Himalayan Geology Dehradum
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Heavy Water Production

Name Location
Nangal Punjab
Baroda Gujarat
Talcher Orissa
Tuticorin Tamil Nadu
Thal Maharashtra
Hazira Gujarat
Rawatbhata Rajasthan
Manuguru Andhra Pradesh

TNPSC PREVIOUS YEAR QUESTIONS

1. The bifocal lens was invented by 4. Positron was discovered by

(A) Galileo (A) Rutherford

(B) Benjamin Franklin (B) Carl David Anderson
(©) Snell (C) Madam Curie

(D) Alessandro Volta (D) Chadwick

2. The principle of Dynamo was discovered by 5. Electromagnetic waves were proposed by

(A) Sir Humphry Davy (B) Michael Farady (A) Newton

(C) Albert Einstein (B) Maxwell

(D) Max Planck (C) Huygens
Match List I with List II correctly and select (D) Planck

your answer using the codes given below:

ListI List IT
(a) Relationship 1. Neils Bohr

between

Electricity and

magnetism
(b) Velocity of Light 2. Ampere
(c) Radio Waves 3. Foucault
(d) Radio Waves 4. Hertz
(A)1,3,2,4 (B)3,4,2,1

(C)2,3,4,1 (D) 4,3,1,2

The bottle lid made of cork is viewed with
the help of lens. There are many chambers in
it. This observation by led to the
discovery of cell.

(A) Gregor Mendel

(B) Charles Darwin

(C) Robert Hooke

(D) Robert Brown
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7. Match List - I and Il correctly and select your 9. Radioactivity was discovered by

answer using the codes given below: (A) Pierre Curie
List I List IT (B) Madam Curie
(a) Newton 1. Elliptical orbit of (C) Rutherford
planets around (D) Henri Becquerel
the sun 10. Match the theory with its propounder.
(b) Johannes 2. Mass of the Earth List I List II
Kepler (a) Nebular Theory 1. Lyttleton
(c) Cavendish 3. Helio Centric (b) Tidal Theory 2. Laplace
) Theory o (c) Binary Theory 3. Banerjee
(d) Copernicus 4. Law of Gravitation (d) Cepheid Theory 4. Jeansand
(A)1,23,4 (B)4,1,2,3 /
Jeffrey’s
04,321 (D)4,3,1,2 (A)2,4,1,3 (B)1,2,3 4
8. Match List I and List II correctly and select (©)2,3,1,4 (D)4,1,2,3
your answer using the codes given below i o
. ) 11. Match List I with List II correctly and select
List I List II your answer using the codes given below:
(a) Seismograph 1. Instrument List I List II
forfaQfing (a) Millikan 1. Charge-mass ratio
thunder and

liehtni of electron
] =2 (b) J.J. Thomson 2. Quantum model of

(b) Lactometer 2. Inside the H2 at Om

brai d
A (c) Chadwick 3. Charge of electron

electrical _
activity of (d) Neils Bohr 4. Neutron
néeodd (A)3,1,4,2 (B)1,3,4,2

(c) Encephalogram 3. Measure the (e (D)4,3,2,1
intensity of
earthquake

(d) Ceraunograph 4. Measure purity
of milk

(A)3,4,2,1 (B)3,4,1,2

01,342 (D)3,1,2,4

ANSWER
1 2 3 4 5 6 8 9 10 | 11

B B C B B C B A D A A




Appendix IV

Physical Quantities, Standards and Units

Units and Dimension & Errors, Review of Basic Concepts
= Physics is the branch of Science which deals with observation, measurement and description
of natural phenomena related to Matter and Energy ‘Physics’ is also defined as the study of

nature and its law.

= Mechanics is one of the branches of Physics which deals with the studies of forces acting on

the bodies.

= Physical Quantities are the quantities which can be able to describe the Laws of physics
Physical quantities may be divided into fundamental and derived quantities.

Fundamental quantities can be classified into 7
Quantities. Namely,

* Mass e Time

* Length * Temperature

* Electric current

* Luminous Intensity

* Amount of substance

In addition to these seven basic units there
are supplementary  units-‘radian’
and ‘steradian’. The units of Fundamental
quantities are called ‘fundamental units’.
In 1960, to measure the physical quantities,
International System of Units abbreviated as
‘SI' in all languages was introduced.

two

IV.1 FUNDAMENTAL QUANTITIES CAN
BE DEFINED AS FOLLOWS

The fundamental quantities should be
independent to one another. All other
quantities may be expressed in terms of
fundamental quantities.

Dimension of a physical quantity are the
powers to which the fundamental quantities
must be raised.

Derived Quantities: The quantities derived
from the fundamental quantities are called

derived quantities.

E.g, Area, Volume,

Density.

Derived Units: The units of derived quantities
are called derived units.

Supplementary Units

Name of Quantity | Name of Unit
Plane angle Radian
Solid angle Steradian

IV.1.1 Rules and Conventions for writing
SI Units and their Symbols

1. The units named after scientists are not
written with a capital initial latter. E.g.,
Newton, Henry, watt.

2. The symbols of the units named after
scientists should be written by a capital
letter. E.g., N for Newton, H for Henry, W
for watt.

3. Small letters are used as symbols for units
not derived from a proper name. E.g., m for
metre, kg for kilogram.

4. No full stop or other punctuation marks
should be used within or at the end of
symbols. E.g., 50 m and not as 50 m.

5. The symbols of the units do not take plural
form. E.g: 10 kg not as 10 kgs.

6. When temperature is expressed in Kelvin,
the degree sign is omitted. E.g., 273 K not
as 273°K.
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Derived Quantities and their Units

Physical Quantity Expression Unit
Area Length x breadth m?
Volume area x height m?
Velocity Displacement/time ms™
Acceleration Velocity/time ms™
Angular velocity Angular displacement/time rad s™
Angular acceleration Angular velocity/time rad s
Density Mass/volume Kgm™
Momentum Mass x velocity Kgms™
Moment of inertia Mass x (distance)? Kg m?
Force Mass x acceleration Kgms™or N
Pressure Force x area Nm™ or Pa
Energy (work) Force x distance Nm or ]
Impulse Force x time Ns
Surface tension Force/length Nm™
Moment of force (torque) Force x distance Nm
Electric change Current x time As
Current density Current/area Am™
Magnetic induction Force/[current x length] NA'Tm™
Fundamental or Basic Quantities

Quantity Unit Symbol Dimension

Length Metre M L
Mass Kilogram Kg M
Time Second S T
Electric Current Ampere A A
Temperature Kelvin K K
Luminous Intensity Candela Cd Cd
Amount of Substance Mole Mol Mol
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7. If expressed in Celsius scale, degree sign to
be included. E.g., 100°C not 100°C.

8. Some space is always to be left between the
number and the symbol of the unit and also
between the symbols for compound units
such as force, momentum etc.

9. Use of solidus is recommended only for
indicating a division of one letter units
symbol by another unit symbol. Not more
than one solidus is used. E.g., ms™ or m/s
J/KorJK™* mol™ but not ] /K/mol

10. Only accepted symbols should be used. E.g:
ampere is represented as A not as amp. (or)
am; second is represented as ‘s’ and not as
sec.

11. Numerical value of any physical quantity
should be expressed of mercury is
1.36 x 10* kg m™ and not as 13600 kg m™.
E.g., density of mercury is 1.36 x 10* kg m™
and not as 13600 kg m™.

IV.2 LIGHT YEAR

* In order to measure very large distance,
the following units are used. i) Light Year,
ii)Astronomical Unit

= Light year is the distance travelled by light
in one year in vacuum. Distance travelled =
Velocity of light x 1 year.

-~ 1light year =3 x 10° m x 1 year
=3 x 10% x 365.25 x 24 x 60 x 60
=9.467 x 10 m

1 light year = 9.467 x 10" m.

Greatest Units

* 1light year =9.46 x 10 m

= 1 parsec = 3.84 x 10" m

* 1TAU=15%x10"m

* 1 metric ton = 10° kg

* 1 quintal =10?kg

Astronomical unit
= Astronomical unit is the mean distance of the
centre of the Sun from the centre of the earth.

= 1 Astronomical unit = 1.496 x 10"'m

Expressing Larger and Smaller Quantities

= The fundamental units are defined. Now it is
easier to express larger and smaller units of
the same physical quantity.

= The table lists the standard SI prefixes, their
meanings and abbreviation.

IV.2.1 Dimensional Quantities

= Constant which possess dimensions are called
Dimensionless are called ‘Dimensionless
quantities’.

= E.g., Strain, Specific Gravity etc.

Uses of Dimensional Analysis
= The method of dimensional analysis is used in
four important ways:

1. It is used to check the dimensional
correctness of a given physical equation.

2. To the physical equation

3. Finding the dimensions of constants (or)
variables in an equation.

4. Conversion of one unit from one system to
another.

Limitation of Dimensional Analysis

1. If a physical quantity depends more than
3 quantities, the dimensions cannot be
applied

2. The dimensional method cannot be applied
to equations involving exponential and
trigonometric functions.

3. The value of dimensionless constants be
determined by this method.

Dimensional Quantities
= Constants which possess dimensions are
called dimensional constants.

= Planck’s constant, universal gravitational
constant are  dimensional  constants.
Dimensional variables are those physical
quantities which possess dimensions but do
not have a fixed value.

= E.g., Velocity, Force, etc.

= There are certain quantities which do
not possess dimensions. They are called
dimensionless quantities.

= Examples are strain, angle, specific gravity, etc.
They are dimensionless as they are the ratio of
two quantities having the same dimensional
formula.
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Po;v:; of Prefix Symbol Po;v:; of Prefix Symbol
10 Femto f 10 Deca da
1012 Pico p 10? Hecto h
107 Nano n 10° Kilo k
10 Micro i 10° Mega M
107 Milli m 10° Giga G
102 Centime C 102 Tera T
10! Deci d 10% Peta P

Fundamental Physical Constants

Avagadro’s number

N = 6.022045 x 10 molecules/mol

Boltzmann’s constant

k=R/N =1.380662 x 10%] /K

Electric permittivity of evacuated free space

6,= 8.85418782 x 102 F/m or C2J " m"!

Electron charge mass ratio

e/m_=1.7588047 x 10" C/kg

Elementary charge

e=1.6021892 x 107 C

Faraday constant

F = Ne =9.648456 x 10* C/mole

Gravitational constant,

G =6.672 x 10" N.m?/kg?

Magnetic permeability

B, =41x107 H/m - 12.5663706 x 107 Wb/ A m

Normal acceleration due to gravity

g =9.80665 m/s*=9.81 m/s>

Normal atmospheric pressure

P =1.0129 x 10° N/m?

One Atomic mass unit

1 amu =1.6605655 x 107 kg

Planck’s constant

h =6.622176 x 10’5

Rest mass of electron

m_=9.109534 x 10" kg

Rest mass of neutron

M =1.6749543 x 10 kg

Rest mass of proton

m_=1.6726485 x 10 kg
p

Rydberg constant

R_=1.094 x 10710

Solar constant

=1.388 x 10° Wm?

Stefan—Boltzmann constant

6=>5.67032 x 10®* Wm™=2 k™

Universal gas constant

R=8.31]/mole/K

Velocity of light in vacuum

C=2.9979258 x 108 m/s =3 x10°m/s

Volume of one mole of ideal gas at NTP

V =22.41383 x 10 m*®/mole

Volume of one mole of ideal gas at NTP

=0.00289782 m k
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Astronomy and Space Science

SPACE SCIENCE

The value of gravity varies inversely as the square of radius of the Earth.
The radius at the equator is the greatest. Hence, the value of gravity is
minimum at the equator. The radius at poles is the least.

Hence, the value of gravity is maximum at the poles. The value of gravity increases from
the equator to the poles. The value of g at sea-level and at a latitude of 45° is taken as the
standard i.e., g = 9.8 ms™ The value of acceleration due to gravity decreases with increase in
height above the surface of the Earth. The value of acceleration due to gravity decreases with

increase of Depth.

V.1 SPACE SCIENCE

V.1.1 Special Features of the Law

1. The gravitational force between two bodies
is an action and reaction pair.

2. The gravitational force is very small in the
case of lighter bodies. It is appreciable in the
case of massive bodies. The gravitational
force between the Sun and the Earth is of
the order of 1027 N.

1. Acceleration due to Gravity

* Galileo was the first to make a systematic study
of the motion of a body under the gravity of
the Earth.

= He dropped various objects from the leaning
tower of Pisa and made analysis of their
motion under gravity.

= He came to the conclusion that “in the absence
of air, all bodies will fall at the same rate”.
A heavy stone and a parachute are dropped
where there is no air, both will fall together at
the same rate.

2. Gravitational Field: A particle or a body
placed at a point modifies a space around it
which is called gravitational field.

3. Gravitational Field Intensity

= Gravitational field intensity or strength at a
point is defined as the force experienced by a
unit mass placed at that point.

= Itisdenoted by E.Itisavector quantity. Itsunitis
N kg

4. Gravitational Potential Difference:
Gravitational potential difference between
two points is defined as the amount of work
done in moving unit mass from one point to
another point against the gravitational force

of attraction.

5. Gravitational Potential: Gravitational
potential at a point is defined as the amount
of work done in moving unit mass from the
point to infinity against the gravitational
field. It is a scalar quantity. Its unit is
Nm kg™.

6. Escape Speed: The escape speed is the
minimum speed with which a body must
be projected in order that it may escape
from the gravitational pull of the planet
the escape speed is V_ = V2gR. The escape
speed for Earth is 11.2 km/s, for the planet
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Mercury it is 4 km/s and for Jupiter it is 60
km/s. The escape speed for the moon is about
2.5km/s.

V.2 SATELLITES

* A body moving in an orbit around a planet
is called satellite. The moon is the natural
satellite of the Earth.

= [t moves around the Earth once in 27.3 days in
an approximate circular orbit of radius 3.85 x
10° km.

= The first artificial satellite Sputnik was
launched in 1957.

= India launched its first satellite Aryabhatta on
April 19, 1975.

* An object that revolves around a planet in a
stable and consistent orbit is called a satellite.
Satellites can be classified into two categories
- natural and artificial.

V.2.1 Natural Satellites

= All natural objects revolving around a planet
are natural satellites. They are also called
moons. Most moons are spherical, the ones
that are not usually asteroids or meteors that
were captured by the strong gravity of a
planet.

= All planets except mercury and Venus in our
solar system have moons. Earth has only one
moon- whereas planets like Jupiter and Saturn
have more than 60 moons.

V.2.2 Artificial Satellites

= Artificial satellites are man-made objects
placed in an obit to rotate around a planet -
usually the Earth. The world’s first artificial
satellite launched was Sputnik-1 by Russia,
Aryabhatta was the first satellite launched by
India.

= These satellites are used in television and
radio transmission, studying agriculture
yield, locating mineral resources, weather
forecasting, locate different places on earth.

V.2.3 Orbital Velocity

* The horizontal velocity that has to be
imparted to a satellite at the determined
height, so that it makes a circular orbit

around the planet is called orbital velocity.
Orbital velocity, v, = gR.

V.2.4 Indian Space Programme

= India recognised the importance of space
science and technology for the socio-economic
development of the society soon after the
launch of Sputnik by USSR in 1957.

= The Indian space efforts started in 1960 with the
establishment of Thumba Equatorial Rocket
Launching Station near Thiruvananthapuram
for the investigation of ionosphere.

* The foundation of space research in India was
laid by Dr. Vikram Sarabai, father of the Indian
space programme.

V.2.5 Geo-Stationary Satellites

= A geo-stationary satellite is a particular
type used in television and telephone
communications.

= A number of communication satellites which

appear to remain in fixed positions at a
specified height above the equator are called

synchronous satellites or geo-stationary
satellites.

* Some television programmes or events
occurring in other countries are often

transmitted ‘live’ with the help of these
satellites.

= The  height of the  geo-stationary
satellite above the surface of the Earth is
h =r — R =36000 km. If a satellite is parked at
this height, it appears to be stationary.

= Three satellites spaced at 120° intervals each
above Atlantic, Pacific and Indian oceans
provide a worldwide communication network.

V.2.6 Polar Satellites

= The polar satellites revolve around the Earth
in a north-south orbit passing over the poles
as the Earth spins about its north-south axis.

= The polar satellites positioned nearly 500 to
800 km above the Earth travels pole to pole in
102 minutes.

* The polar orbit remains fixed in space as the
Earth rotates inside the orbit. As a result, most
of the earth’s surface crosses the satellite in a
polar orbit.
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= Excellent coverage of the Earth is possible satellite also does not exert any force of reaction
with this polar orbit. The polar satellites are on the astronaut. As there is no reaction, the
used for mapping and surveying. astronaut has a feeling of weightlessness.
V.2.6 Uses of Satellites V.2.8 Cryogenic Techniques

= The word cryogenics terms from Greek and
means “the production of freezing cold”.

1. Satellite Communication

= Communication satellites are used to send
radio, television and telephone signals over * In physics cryogenics is the study of
long distances. the production of very low temperature

(below 123 K); and the behavior of materials at

= These satellites are fitted with devices, which
those temperature.

can receive signals from an Earth-station and

transmit them in different directions. * A person who studies elements under
extremely cold temperature is called a

cryogencist. Cryogenics use the Kelvin scale of
temperature.

2. Weather Monitoring

= Weather satellites are used to photograph
clouds from space and measure the amount of
heat reradiated from the Earth.

» With this information scientists can make
better forecasts about weather.

Liquefied gases such as liquid nitrogen, liquid
helium is used in many cryogenic applications.

* Liquid nitrogen is the most commonly
used element in cryogenics and is legally

* You might have seen the aerial picture of our purchasable around the world.

country taken by the satellites, which is shown
daily in the news bulletin on the television and
in the news papers.

= Liquid helium is also commonly used and
allows for the lowest attainable temperature to
be reached.

These liquids are held in special containers
called Dewar flasks which are generally about
six feet tall and three feet in diameter.

3. Remote Sensing

* Collecting of information about an object
without physical contact with the object is
known as remote sensing,.

The field of cryogenics advanced during world
* Data collected by the remote sensing satellites war-II. Scientist found that metals frozen to

can be used in agrlcglture, forestry, drqught low temperature showed more resistance to
assessment, estimation of crop yields, ik

detection of potential fishing zones, mapping

. * This is known as cryogenic hardening. The
and surveying.

commercial cryogenic processing industry

4. Navigation Satellites was founded in 1966 by Ed Busch; and merged
= These satellites help navigators to guide their several small companies later to form oldest
ships or planes in all kinds of weather. commercial cryogenic company in the world.

. » They originally experimented with the
V.2.7 Weightlessness poszibilitygof inc}i‘easinpg the life of metal tools.
= Consider the astronaut standing on the
ground. He exerts a force (his weight) on the
ground. At the same time, the ground exerts
an equal and opposite force of reaction on the 1. Rocket

astronaut. Due to this force of reaction, he has * The important use of cryogenics is cryogenic
a feeling of weight. fuels. Cryogenic fuels mainly liquid hydrogen

has been used as rocket fuel.

Cryogens like liquid nitrogen are further used
for specially chilling and freezing applications.

= When the astronaut is in an orbiting satellite,
both the satellite and astronaut have the same 2. Magnetic Resonance Imaging (MRI)
acceleration towards the centre of the Earth. = MRIisused toscaninnerorgansof humanbody
Hence, the astronaut does not exert any force by penetrating very intense magnetic field. The
on the floor of the satellite. So, the floor of the magneticfieldis generated by super conducting
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coils with the help of liquid helium. It can
reduce the temperature of the coil to around
4 K. At this low temperature very high
resolution images can be obtained.

3. Power Transmission in Big Cities

= It is difficult to transmit power by over head
cables in cities. So underground cables are
used. But underground cables get heated and
the resistance of the wire increases leading to
wastage of power.

= This can be solved by cryogenics. Liquefied
gases are sprayed on the cables to keep them
cool and reduce their resistance.

4. Food Freezing

= Cryogenic gases are used in transportation
of large masses of frozen food, when very
large quantity of food must be transported to
regions like war field, earthquake hit regions
etc., they must be stored for.

5. Vaccines

* The freezing of biotechnology products like
vaccines require nitrogen freezing systems.
The loudness of a sound depends on intensity
of sound wave and sensitivity of the ear.

= The intensity is defined as the amount of
energy crossing per unit area per unit time
perpendicular to the direction of propagation
of the wave.

* Intensity is measured in Wm= the maximum

intensity that an ear can tolerate which is
1Wm=2 equal to 120 dB.

V.2.9 PSLV

* The PSLV is one of world’s most reliable launch
vehicles. It has been in service for over twenty
years and has launched various satellites for
historic missions like Chandrayaan-1, Mars
Orbiter Mission, Space Capsule Recovery
Experiment, Indian Regional Navigation
Satellite System (IRNSS) etc.

= PSLV remains a favourite among various
organizations as a launch service provider and
has launched over 40 satellites for 19 countries.

= In 2008 it created a record for most number
of satellites placed in orbit in one launch by
launching 10 satellites into various Low Earth
Orbits.

Payload to SSPO: 1,750 kg: PSLV earned
its title 'the Workhorse of ISRO' through
consistently delivering various satellites to
Low Earth Orbits, particularly the IRS series
of satellites. It can take up to 1,750 kg of
payload to Sun-Synchronous Polar Orbits of
600 km altitude.

Payload to Sub GTO: 1,425 kg: Due to its
unmatched reliability, PSLV has also been
used to launch various satellites into Geo-
synchronous and Geo-stationary orbits, like
satellites from the IRNSS constellation.

V.2.10 Geo-Synchronous Satellite
Launch Vehicle (GSLV)

About the Launch Vehicle

= The Geo-synchronous Satellite Launch Vehicle
was primarily developed to launch INSAT
class of satellites into Geo-synchronous
Transfer Orbits.

= GSLV is being used for launching GSAT series
of satellites. GSLV is a three stage launcher
that uses one solid rocket motor stage, one
Earth storable liquid stage and one cryogenic
stage.

Payload to GTO: 2,500 kg: GSLV's primary
payloads are INSAT class of communication
satellites that operate from Geo-stationary
orbits in Geo-
synchronous Transfer Orbits by GSLV.

Payload to LEO: 5,000 kg: Further, GSLV's
capability of placing up to 5 tonnes in Low
Earth Orbits broadens the scope of payloads
from heavy satellites to multiple smaller

and hence are placed

satellites.

V.2.11 LVM-3

= About the Launch Vehicle LVM-3 is a heavy
launch capability launcher being developed
by ISRO.

= It will allow India to achieve complete self
reliance in launching satellites as it will
be capable of placing 4 tonne class Geo-
synchronous satellites into orbit.
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= The LVM3 will have an India built cryogenic
stage with higher capacity than GSLV.

= The first experimental flight of LVM3, the
LVM3-X/CARE mission lifted off from
Sriharikota on December 18, 2014 and
successfully tested the atmospheric phase of
flight.

= Crew module  Atmospheric  Reentry
Experiment was also carried out in this
flight. The module reentered, deployed its
parachutes as planned and splashed down in
the Bay of Bengal.

Payload to GTO: 4,000 kg: LVM3 will be
capable of placing the 4 tonne class satellites
of the GSAT series into Geo-synchronous
Transfer Orbits.

Payload to LEO: 8,000 kg: The powerful
cryogenic stage of LVM3 enables it to place
heavy payloads into Low Earth Orbits of 600
km altitude.

V.2.12 RLV-TD

= Reusable Launch Vehicle-Technology
Demonstrator (RLV-TD) is one of the most
technologically challenging endeavors of ISRO
towards developing essential technologies for
a fully reusable launch vehicle to enable low
cost access to space.

* The configuration of RLV-TD is similar to that
of an aircraft and combines the complexity of
both launch vehicles and aircraft.

* The winged RLV-TD has been configured to
act as a flying test bed to evaluate various
technologies, namely, hypersonic flight,
autonomous landing and powered -cruise
flight.

= In future, this vehicle will be scaled up to
become the first stage of India’s reusable two
stage orbital launch vehicle.

* RLV-TD consists of a fuselage (body), a nose
cap, double delta wings and twin vertical tails.
It also features symmetrically placed active
control surfaces called Elevons and Rudder.

* This technology demonstrator was boosted
to Mach no: 5 by a conventional solid booster
(HS9) designed for low burn rate.

= The selection of materials like special alloys,
composites and insulation materials for
developing an RLV-TD and the crafting of its
parts is very complex and demands highly
skilled manpower. Many high technology
machinery and test equipment were utilised
for building this vehicle.

Objectives of RLV-TD

= Hypersonic aerothermodynamic

characterisation of wing body

» Evaluation of autonomous Navigation,

Guidance and Control (NGC) schemes
= Integrated flight management

= Thermal Protection System Evaluation

= RLV-TD was successfully flight tested on
May 23, 2016 from SDSC SHAR Sriharikota
validating the critical technologies such as
autonomous navigation, guidance & control,
reusable thermal protection system and re-
entry mission management.

Achievements

Mach Km/h
0.8-Subsonic 980
0.8-1.2 -Transonic 980-1470
1.2-5 - Supersonic 1470-6126
5-10 - Hypersonic 6126-12251
10-25 - High hypersonic | 12251-30,626
25- Re-entry speed 30,626

Scramjet Engine-TD

» The first experimental mission of ISRO’s
Scramjet Engine towards the realisation of
an Air Breathing Propulsion System was
successfully conducted on August 28, 2016
from Satish Dhawan Space Centre SHAR,
Sriharikota.

» After a flight of about 300 seconds, the
vehicle touched down in the Bay of Bengal,
approximately 320 km from Sriharikota.

* The vehicle was successfully tracked
during its flight from the ground stations at
Sriharikota.
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With this flight, critical technologies such as
ignition of air breathing engines at supersonic
speed, holding the flame at supersonic speed,
air intake mechanism and fuel injection
systems have been successfully demonstrated.

The Scramjet engine designed by ISRO uses
Hydrogen as fuel and the Oxygen from the
atmospheric air as the oxidiser.

This test was the maiden short duration
experimental test of ISRO’s Scramjet engine
with a hypersonic flight at Mach 6.

ISRO’s Advanced Technology Vehicle (ATV),
which is an advanced sounding rocket, was
the solid rocket booster used for the test of
Scramjet engines at supersonic conditions.
ATV carrying Scramjet engines weighed 3277
kg at lift-off.

V.3 ASTROSAT

AstroSat is the first dedicated Indian
astronomy mission aimed at studying celestial
sources in X-ray, optical and UV spectral
bands simultaneously.

The payloads cover the energy bands of
Ultraviolet (Near and For), limited optical and
X-ray regime (0.3 to 100keV).

One of the unique features of AstroSat
mission is that it enables the simultaneous
multi-wavelength observations of various
astronomical objects with a single satellite.

AstroSat with a lift-off mass of 1515 kg was
launched on September 28, 2015 into a 650
km orbit inclined at an angle of 6 deg to the
equator by PSLV-C30 from Satish Dhawan
Space Centre, Sriharikota. The minimum
useful life of the AstroSat mission is expected
to be 5 years.

V.3.1 Mars Orbiter Mission

Mars Orbiter Mission is ISRO’s first
interplanetary mission to planet Mars with
an orbiter craft designed to orbit Mars in an
elliptical orbit of 372 km by 80,000 km.

Mars Orbiter mission can be termed as a
challenging technological mission and a
science mission considering the critical
mission operations and stringent requirements
on propulsion, communications and other bus

systems of the spacecraft.

* The primary driving technological objective
of the mission is to design and realize a
spacecraft with a capability to perform
Earth Bound Manoeuvre (EBM), Martian
Transfer Trajectory (MTT) and Mars Orbit
Insertion (MOI) phases and the related deep
space mission planning and communication
management at a distance of nearly 400 million
Km.

= Autonomous fault detection and recovery also
becomes vital for the mission.

V.3.2 Chandrayaan-1

= Chandrayaan-1, India's first mission to Moon,
was launched successfully on October 22, 2008
from SDSC SHAR, Sriharikota.

= The spacecraft was orbiting around the Moon
at a height of 100 km from the lunar surface for
chemical, mineralogical and photo-geologic
mapping of the Moon.

= The spacecraft carried 11 scientific instruments
built in India, USA, UK, Germany, Sweden
and Bulgaria.

V.3.3 Chandrayaan-2

* Chandrayaan-2 will be an advanced version of
the previous Chandrayaan-1 mission to Moon.

= Chandrayaan-2 is configured as a two module
system comprising of an Orbiter Craft module
(OC) and a Lander Craft module (LC) carrying
the Rover developed by ISRO.

V.3.4 Aditya-L1

» The Aditya-1 mission was conceived as a 400
kg class satellite carrying one payload, the
Visible Emission Line Coronagraph (VELC)
and was planned to launch in a 800 km low
earth orbit.

= A Satellite placed in the halo orbit around
the Lagrangian point 1 (L1) of the Sun-
Earth system has the major advantage of
continuously viewing the Sun without any
occultation/ eclipses.

* Therefore, the Aditya-1 mission has now been
revised to “Aditya-L1 mission” and will be
inserted in a halo orbit around the L1, which is
1.5 million km from the Earth.
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The satellite carries additional six payloads
with enhanced science scope and objectives.
The project is approved and the satellite will
be launched during 2019 -2020 timeframe by
PSLV-XL from Sriharikota.

V.3.5 Antrix Corporation Limited

Antrix Corporation Limited is a wholly owned
Government of India Company under the
administrative control of the Department of
Space, Government of India.

Antrix Corporation Limited was incorporated
as a private limited company owned by
Government of India, in September 1992 as
a Marketing arm of Indian Space Research
Organization (ISRO) for promotion and
commercial exploitation of space products,
technical consultancy services and transfer of
technologies developed by ISRO.

Another major objective is to facilitate
development of space related industrial
capabilities in India. Company in 2007-2008
got the "Miniratna" status by the Government
of India in 2008.

V.4 SATELLITE NAVIGATION
PROGRAMME

Satellite Navigation service is an emerging
satellite based system with commercial and
strategic applications.

ISROis committed to provide the satellite based
Navigation services to meet the emerging
demands of the Civil Aviation requirements
and to meet the user requirements of the
positioning, navigation and timing based on
the independent satellite navigation system.

To meet the Civil Aviation requirements, ISRO
is working jointly with Airport Authority of
India (AAl) in establishing the GPS Aided Geo
Augmented Navigation (GAGAN) system.

To meet the wuser requirements of the
positioning, navigation and timing services
based on the indigenous system, ISRO is
establishing a regional satellite navigation

system called Indian Regional Navigation
Satellite System (IRNSS).

V.4.1 GPS Aided Geo Augmented
Navigation

* GAGAN Stability tests were successfully
completed in June 2013. The overall

performance of the systems was reviewed by
the review committee.

* As part of certification activity, DGCA
personnel  visited GAGAN  complex,
Kundalahalliin Bengaluru and carried out final
inspection activities on Indian Land Uplink
Station (INLUS), Indian Master Control Centre
(INMCC), Indian Reference Earth Station
(INRES) and other facilities.

* The implementation of GAGAN has numerous
benefits to the aviation sector in terms of
fuel saving, saving in equipment cost, flight
safety, increased air space capacity, efficiency,
enhancement of reliability, reduction in work
load for operators, coverage of oceanic area for
air traffic control, high position accuracy, etc.

= The quantum of benefits in the aviation sector
would depend on the level of utilisation of
such benefits.

Some of the benefits GAGAN is expected to

bring for Civil Aviation sector are

= Safety benefits-Vertical guidance improves
safety, especially in adverse weather
conditions.

= Reduction of circling approaches.

= Environmental  benefits-Approach  with
Vertical Guidance procedures will help
facilitate better energy and descent profile
management during the final approach.

= Global seamless navigation for all phases of
flight including arrival, departure, oceanic
and enroute.

= Allow direct routings, multiple approaches
resulting in considerable fuel savings to
airlines and provide for capacity enhancement
of airports and airspace.

= India’s First Experimental Satellite - Aryabhatta (1975)
= Father of Indian Space Programme - Dr. Vikram Sarabhai

= ISRO formed in August 15, 1989
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In addition to aviation sector, GAGAN is

expected to bring benefits to other sectors

like

* Navigation and Safety Enhancement in
Railways, Roadways, Ships, Spacecraft.

= Geographic Data Collection.

= Scientific Research for Atmospheric Studies.
= Geodynamics.

* Natural Resource and Land Management.

= Location based services, Mobile,

Tourism, etc.

V.4.2 Indian Regional Navigation
Satellite System (IRNSS)

* IRNSS will provide two types of services,
namely, Standard Positioning  Service
(SPS) which is provided to all the users and
Restricted Service (RS), which is an encrypted
service provided only to the authorised users.

= The IRNSS System is expected to provide a
position accuracy of better than 20 m in the
primary service area.

Some applications of IRNSS are

= Terrestrial, Aerial and Marine Navigation
= Disaster Management

= Vehicle tracking and fleet management

* Integration with mobile phones

= Precise Timing

* Mapping and Geodetic data capture

* Terrestrial navigation aid for hikers and
travelers

* Visual and voice navigation for driver.

V.4.3 Earth Observation

* The Indian Remote sensing programme is
driven by the user needs. In fact, the first
remote sensing based pilot project was carried
out to identify coconut root-wilt disease in
Kerala way back in 1970.

= This pilot project led the development of Indian
Remote Sensing (IRS) satellites. Varieties of
instruments have been flown onboard the
IRS satellites to provide necessary data in
a diversified spatial, spectral and temporal
resolutions to cater to different user requirements

in the country and for global usage.

= These IRS satellites observe the planet Earth
from space and provide us periodically
synoptic and  systematic  information
pertaining to land, ocean and atmosphere and
several aspects of environment.

= This information is a key ingredient in the
programmes of the government at the Centre
and State towards ensuring food and water
security, sustaining our environment and
eco-system, understanding weather and
climate, monitoring and management of
natural resources, planning and monitoring
of developmental activities, support to
management and mitigation during disaster
events, and information for better governance.

Agriculture & Soils
= Crop production forecast
= Saline/sodic soils mapping

* Agro-Met services& disaster surveillance

(pest, floods, drought)
= Horticulture development.

Bio Resources and Environment
= Forest cover and type mapping

= Wetland inventory & conservation plans
= Bio-diversity characterization

* Desertification status mapping

= Coastal, mangroves, Coral Related

= Snow and glacier studies.

V.4.4 Gaganyaan

* he Union Cabinet, chaired by Prime Minister
Narendra Modi, on December 28, 2018
approved the Gaganyaan Programme, first
Indian Human Spaceflight Initiative of the
Indian Space Research Organisation (ISRO).

= The GSLV MKk-II rocket will be used to carry
the orbital module which will have necessary
provisions for sustaining a 3-member crew for
the duration of the mission.

= The approval came following the
demonstration of Indian Human Spaceflight
capability to low earth orbit for a mission
duration ranging from one orbital period to a
maximum of seven days.
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Gaganyaan Programme: All you need to

know

* The Gaganyaan Programme is a national
effort and will involve the participation of the
Industry, Academia and National Agencies
spread across the length and breadth of the
country.

* The Indian Space Research Organisation
(ISRO) will collaborate extensively with
National agencies, laboratories, academia
and industry to accomplish the Gaganyaan
Programme objectives.

Expenditure: The Gaganyaan Programme will
require a total expenditure of around Rs 10,000
crore. This expense includes cost of technology
development, flight hardware realisation and
essential infrastructure elements.

Flights: Two unmanned flights and one
manned flight will be undertaken as part of
Gaganyaan Programme.

Targets: The first human space flight
demonstration is expected to be completed
within 40 months from the date of sanction.
Prior to this, two unmanned flights in full
complement will be carried out to gain
confidence on the technology and mission

management aspects.

Strategy: ISRO will be responsible for realising

the flight hardware of the mission with the help

of the Industry. National agencies, laboratories

and Academia will participate in crew training,

human life science technology development

initiatives as well as design reviews.

Benefits

= It will establish a broader framework for
collaboration between ISRO, academia,

industry, national agencies and other scientific
organizations.

= It will allow collaboration of diverse
technological and industrial capabilities.

= It will enable broader participation in research
opportunities and technology development
benefitting large number of students and
researchers.

= Itisexpected to generate employmentand train
human resources in advanced technologies.

= It will inspire large number of young students
to take up science and technology careers for
national development.

Significance

= The programme is expected to spur research
and development within the country in science
and technology domains.

= It has huge potential for technology
development in areas such as medicine,
agriculture, industrial safety, pollution,
waste management, water and food resource
management etc.

* The manned mission will provide a
unique micro-gravity platform in space for
conducting experiments and test bed for
future technologies.

* Human Spaceflight capability will enable
India to participate as collaborating partner in
future global space exploration initiatives with
long term national benefits.

V.4.5 Launch Vehicle ‘GSLV MK-III
Successfully Tested

= The ISRO has already completed the
development of launch vehicle GSLV Mk-1ll
with necessary payload capability to launch a
3-member crew module in low earth orbit.

= The organisation has also tested the crew escape
systemwhichisanessential technology forhuman
space flight. The aerodynamic characterisation
of crew module has been completed as part of
GSLV MKk-III X mission flight.

Space Suit and Crew Model for Gaganyaan

Mission

* The Indian Space Research Organisation on
September 6, 2017 unveiled the space suit and
crew model for Gaganyaan Mission at the 6™
Bengaluru Space Expo.

* The orange-coloured prototype space suit
was developed by the ISRO over the past
two years at Vikram Sarabhai Space Centre in
Thiruvananthapuram.

* The suit can hold one oxygen cylinder,
allowing an astronaut to breathe in space for
60 minutes.
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The elements of the Space suit have been
realised and tested. Apart from this, ISRO
has flight demonstrated the orbital & re-
entry mission and recovery operations in
Space Capsule Re-entry Experiment (SRE)
ISRO also demonstrated most of the baseline
technologies essential for undertaking human
spaceflight mission.

Key Takeaways

The ISRO on August 28, 2018 unveiled
the details of the Gaganyaan mission. The
Gaganyaan mission was announced by Prime
Minister Narendra Modi during his 72
Independence Day speech.

India’s  first manned space mission
‘Gaganyaan’ will be launched by Indian Space
Research Organisation (ISRO) by 2022.

The mission will send a three-member crew to
space for a period of five to seven days.

Prior to the actual launch of this manned
mission by 2022, the ISRO will launch two
unmanned Gaganyaan missions.

It weighs approximately 7 tonnes, and will be
carried by a rocket. = The crew module’s size
will be 3.7 meters and 7 meters.

GSLV MK-I launch vehicle will be used to
launch Gaganyaan. The spacecraft will be
placed in a low earth orbit of 300-400 km.

The spacecraft will comprise of a crew module
and service module that constitute an orbital
module. After the take off, the manned flight
will reach the orbit in 16 minutes. The crew
will do microgravity experiment during the
mission.

The crew will be selected by Indian Air Force
(IAF) and ISRO jointly after which they will
undergo training for two-three years.

The crew, while coming back to the Earth,
could land in the Arabian Sea off the Gujarat
coast or in the Bay of Bengal or even on land.

The successful implementation of the
programme will make India the fourth nation
in the world to launch a Human Spaceflight
Mission. So far, only the USA, Russia and
China have launched human spaceflight
missions.

V.5 CHANDRAYAN-2

= Context: With the successful launch of India’s
Moon mission Chandrayaan-2, all eyes are
now on September 7 when the lander and
rover modules of the spacecraft will make a
soft landing on the surface of the moon.

= The 640-tonne GSLV Mk-III rocket successfully
injected the 3,850 kg Chandrayaan-2 composite
module into the Earth’s orbit. According to the
revised flight sequence, Chandrayaan-2 would
spend 23 days in the Earth’s orbit.

= InSeptember 2008, the Chandrayaan-2 mission
was approved by the government for a cost of
Rs. 425 crore.

= It is India’s second mission to the moon. It
aims to explore the Moon’s south polar region.

= The mission is an important step in India’s
plans for planetary exploration, a program
known as Planetary Science and Exploration
(PLANEX). There are three components of the
mission, an orbiter, a lander and a rover.

= The mission payloads include—Terrain
Mapping Camera which will generate a
Digital Elevation Model (DEM) of the entire
moon, Chandrayaan-2 Large Area Soft X-ray
Spectrometer which will test the elemental
composition of the Moon’s surface Solar
X-ray Monitor which will provide solar X-ray
spectrum inputs for CLASS.

* The orbiter will be deployed at an altitude of
100 kilometers above the surface of the Moon.
The lander will then separate from the orbiter,
and execute a soft landing on the surface of
the Moon, unlike the previous mission which
crash landed near the lunar south pole.

= The lander, rover and orbiter will perform
mineralogical and elemental studies of the
lunar surface. The rover is named Pragyan.
The mission’s lander is named Vikram after
Dr. Vikram A.Sarabhai, the Father of the
Indian Space Programme.

V.5.1 Objectives of the Mission

* The primary objective of Chandrayaan-2 is
to demonstrate the ability to soft-land on the
lunar surface and operate a robotic rover on
the surface.
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Scientific goals include studies of lunar
topography, mineralogy, elemental
abundance, the Iunar exosphere, and
signatures of hydroxyl and water ice.

GSLV MK-IlI

Developed by ISRO, the Geo-synchronous
Satellite Launch Vehicle Mark-III is a three-
stage vehicle. Primarily designed to launch
communication satellites into geo-stationary
orbit.

It has a mass of 640 tonnes that can
accommodate up to 8,000 kg payload to LEO
and 4000 kg payload to GTO.

GSLV MEK-III vehicle is powered by two solid
motor strap-ons (S200), a liquid propellant
core stage (L110) and a cryogenic stage (C25),
that has been designed for carrying the four-
tonne class satellites.

The C25 is powered by CE-20, India’s largest
cryogenic engine, designed and developed by
the Liquid Propulsion Systems Centre.

Why the South Polar Region of the Moon?

According to ISRO, the lunar south pole is
an interesting surface area, which remains in
shadow as compared to the north pole.

There is a possibility of the presence of water
in permanently shadowed areas around it,
the agency said, adding craters in the south
pole region have cold traps and contain fossil
records of the early solar system.

The Challenges Along the Way

Challenges involved in the moon landing
are identifying trajectory accurately; taking
up deep space communication; trans-lunar
injection, orbiting around the moon, taking up
soft landing on the moon surface, and facing
extreme temperatures and vacuum.

India: Fourth Country to Land a Spacecraft
on Moon

India will become the fourth country to land a
spacecraft on the Moon. So far, all the landings
have been in the areas close to the Moon’s
equator.

This is mainly because, this area receives more
sunlight, which is required by solar powered
instruments. But Chandrayaan-2 will make a
landing at a site where no earlier mission has

gone, i.e., near the South Pole of the Moon. It
can contain clues to the fossil records of early
Solar System.

= The unexplored territory gives an opportunity
for the Mission to discover something new.
The South Pole of the Moon holds possibility
of presence of water.

* In addition, this area is also supposed to
have ancient rocks and craters that can offer
indications of history of the Moon.

V.5.2 Specials of Chandrayaan-2

* Chandrayaan-2 will be the first mission to
reach and study the south pole of the moon.
It is made up of an orbiter, a lander named
‘Vikram’, after Vikram A.

= Sarabhai, the founding father of space science
researchin India, and arover named ‘Pragyan’,
which means “wisdom’.

= Atabout 3,877 kg, the spacecraft weighs nearly
four times its predecessor, Chandrayaan 1.
It was launched by the GSLV Mark lIlI, the
ISRO’s most powerful and massive launcher.

= While, Chandrayaan-1 sent its lander crashing
into the moon, Chandrayaan 2 will use rocket
technology to soft land ‘Vikram’, carrying
its ‘Pragyan’ rover in a suitable high plain
on the lunar surface, between two craters,
Manzinus-C and Simpelius N, at a latitude of
about 70° South.

* This landing is scheduled for September 7 this
year. The total cost of the project is about 3978
crore.

= The lander-rover combo has an expected
lifetime of 14 days, while the orbiter will
continue for a year.

* ‘Pragyan’ rover operation and its lifetime.
The time taken for the moon to complete one
rotation on its axis is approximately equal to
29.5 earth days.

* This is also equal to the time it takes to
complete one orbit around the earth.

* That is why the same side always faces the
earth. But because it takes 29.5 earth days
to complete one rotation, every point on its
surface experiences daylight for about half the
time, or a little more than 14 days at a stretch.
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List of Space Centres in India

Location Space Centre
Space Application Centre
Ahmedabad Physical Research Laboratory
Development & educational communication unit
Space commission
HQ-ISRO
INSAT programme office
NNRMS Secretariat-National Natural Resources Management
Bangalore System
ANTRIX corporation
ISTRAC-ISRO Telemetry Tracking and Command Network
ISRO satellite centre
Liquid propulsion systems centre
Balasore Remote Sensing Centre
Dehradun Indian Institute of remote sensing
Northern RRSC-Regional Remote Sensing Centre
Hyderabad NRSA or NRSC-National remote sensing agency/centre
Hassan INSAT master control facility
Jodhpur Western RRSC-Regional Remote Sensing Centre
Kerala ALUVA-Ammonium perchlorate experiment plant
Kharagpur Eastern RRSC-Regional Remote Sensing Centre
Lucknow ISTRAC ground station
Mahendra Giri Liquid Propulsion Test Facilities
Mount Abu Infrared Observatory
Mumbai ISRO Liaison office
Nagpur Central RRSC-Regional Remote Sensing Centre
DOS branch secretariat
New Delhi ISRO branch office
Delhi earth station
Port Blair Down range station
Shillong North eastern space application centre
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List of Space Cenftres in India

Location Space Centre
Sriharikota Satish Dhawan Space Centre
Tirupati NMRE-National Atmospheric Research Laboratory
Vikram Sarabhai Space Centre
Thiruvananthapuram Liquid Propulsion Systems Centre
ISRO Interial Systems Unit
Udaipur Solar Observatory

Moon days are nearly 14 earth days long. Note
that the landing is scheduled for September 7,
when we will see the first quarter of the moon.

This is a date when the lander will land at a
point that is facing the earth and which has
started receiving sunlight.

This point will receive light for nearly another
fortnight which will match the expected
lifetime of the lander-rover combo.

Since the “Vikram’ lander and ‘Pragyan’ rover
are powered by solar energy, they will be
energised during this period by sunlight on
the moon.

Once night falls, this energy will not be
available as they are plunged into a dark and
cold —180° Celsius environment.

If the lander-rover duo should kickstart after
another half-rotation when day breaks once
again, it will be a bonus for the ISRO.

The mission is not designed to survive this
extreme cold, unlike some US and Chinese
missions which survived on the “dark” side of
the moon using special sources of warmth.

V.5.3 Method of Study

Using the Terrain Mapping Camera 2 which is
on board the orbiter, the mission will produce
images of the moon remotely from a 100 km
lunar polar orbit.

While the moon rotates about its axis, along its
east-west direction, the lunar polar orbit will
be in the perpendicular direction, along the
lunar north-south direction.

Thus, as the moon rotates, the orbiter gets a
view of its entire surface from overhead.

This data collected by the orbiter will be used
to produce a 3D image of the moon’s terrain.
This is just one of the eight instruments, or
payloads, on board the orbiter.

The lander carries three such payloads, some
of which will measure the electron density
and temperature near the lunar surface; the
vertical temperature gradient, and seismicity
around the landing site.

The rover will carry two instruments or
payloads which will collect and test samples
from the moon’s surface to identify what
elements they contain.

The rover moves on six wheels and once let

down on the moon, can travel about 500 m
from the lander.

V.6 ISRO

* The Indian Space Research Organisation

(ISRO) is the space agency of the Government
of India headquartered in the city of Bangalore.
Its vision is to “harness space technology for
national development while pursuing space
science research and planetary exploration.”

Formed in 1969, ISRO superseded the
erstwhile Indian National Committee for
Space Research (INCOSPAR) established in
1962 by the Scientist Vikram Sarabhai.

The  establishment of ISRO  thus
institutionalized space activities in India. It is
managed by the Department of Space, which
reports to the Prime Minister of India.
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= ISRO built India’s first satellite, Aryabhatta,
which was launched by the Soviet Union on
19 April 1975. It was named after the Indian
astronomer Aryabhata.

In 1980, Rohini became the first satellite to
be placed in orbit by an Indian-made launch
vehicle, SLV-3.

ISRO subsequently developed two other
rockets: the Polar Satellite Launch Vehicle
(PSLV) for launching satellites into polar
orbits and the Geosynchronous Satellite
Launch Vehicle (GSLV) for placing satellites
into geostationary orbits.

These rockets have launched numerous
communicationsatellitesand earth observation
satellites. Satellite navigation systems like
GAGAN and IRNSS have been deployed.

In January 2014, ISRO used an indigenous
cryogenic engine in a GSLV-D5 launch of the
GSAT-14.

ISRO sent a lunar orbiter, Chandrayan -1,
on 22 October 2008 and a Mars orbiter, Mars

Orbiter Mission, on 5 November 2013, which
entered Mars orbit on 24 September 2014,
making India the first nation to succeed on
its first attempt to Mars, and ISRO the fourth
space agency in the world as well as the first
space agency in Asia to reach Mars orbit.

On 18 June 2016 ISRO set a record with a
launch of 20 satellites in a single payload. On
15 February 2017, ISRO launched 104 satellites
in a single rocket (PSLV-C37) and created a
world record.

ISRO launched its heaviest rocket,
Geosynchronous Satellite Launch Vehicle-
Mark III (GSLV-Mk 1II), on 5 June 2017 and
placed a communications satellite GSAT-19 in
orbit. With this launch, ISRO became capable
of launching 4 ton heavy satellites.

ISRO launched Chandran 2 on July 22,
2019, Geosynchronous Satellite Launch
Vehicle (GSLV-Mk III). It entered the
Moon’s orbit on August 20, 2019 and
its lander landed on the Moon on September 7.

TNPSC PREVIOUS YEAR QUESTIONS

1. Distance of the stars is measured in

(A) Light years (B) Decibels

(©) Kilometres (D) Miles
Hexadecimal is the number system with
base

(A) 10 (B) 16

©8 (D)2

The dimensions of the ratio of density to the
modulus of elasticity are

(A) L2T? (B) L2T?

(©) LT (D)L'T

4. The colour of a star is an indication of its

(A) Distance from the sun

(B) Luminosity

(C) Distance from the earth

(D) Temperature

Consider the following statements:
Assertion (A): A rocket that is sent to
space has to given an extra force at certain
distance from earth.

Reason (R): At a certain distance from
Earth, earth is encircled by a Ring of
vacuum.

Now select your answer according to the
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coding scheme given below:
(A) (A) and (R) are correct, but (R) is not the
correct explanation of (A)
(B) (A) and (R) are correct and (R) is the
correct explanation of (A)
(©) (A) is correct, but (R) is not correct
(D) (A) is not correct, but (R) is correct
6. Arrange the Remote Sensing Satellites as per
year of launching in ascending
order. 1.1IRS, 2. SPOT, 3. TRIOS, 4. LANDSAT
(A)1,2,4,3
(B)3,4,2,1
01,2234
(D)4,3,1,2
7. Where is the space antenna which sends
commands to Chandrayan - 1 located?
(A) Byalalu - Bangalum
(B) Kalpauk
(C) Tuticorin
(D) Mumbeai
8. GSLV stands for

(A) Geological Satellite Launch Vehicle
(B) Geo-Synchronous Satellite Launch
Vehicle

(C) Global Satellite Launch Vehicle
(D) Generalized Satellite Launch Vehicle

9. Which of the following rays are produced by
nuclear changes in the atom?
(A) Gamma rays
(B) Ultraviolet rays
(C) X-rays
(D) Infrared rays

ANSWER

10.

11.

12.

13.

14.

15.

The wavelength range of infrared rays is
(A)10’m to 7.8 x 10°m

(B) 10"m to 7.8 x 10°m

(©)10°m to 7.8 x 10"m

(D)10°m to 7.8 x 10’'m

Which of the following are primary colours?
(A) Red, Green and Violet

(B) Blue, Cyan and Magenta

(C) Red, Cyan and Blue

(D) Red, Green and Blue

The scientist who first sent electromagnetic
waves to distant places is

(A) James Clark Maxwell

(B) Heinrich Hertz

(C) Thomas Alva Edison

(D) Baird

The velocity of electromagnetic waves is

(A) 3 x 10° ms™

(B) 330 ms !

(C) 30 x 10°* ms™*

(D) 3 x 10® ms™

The ray which does not affect the
photographic plate is

(A) Alpha ray

(B) Beta ray

(C) Gamma ray

(D) None of these

Which of the following are primary colours?
(A) Red, green and blue

(B) Red, cyan and blue

(C) Blue, cyan and magebta

(D) Violet, red and green

1 2 3 4 S 6 7

11 12 13 14 15

0
—
o

A B B D A B A
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SAMACHEER QUESTIONS

In a camera for a stationary object the shutter
speed is

s mits o—s
ao- Peo” ©1357 Pasg
The relation between coefficient of linear
expansion (a) and the coefficient of volume
expansion (y) is

(A)

(A)a=3y (B) 2y = o
O y=20a D)y=3a
TV antenna elements are made up of
(A) Aluminium (B) Copper
(©) Tin (D) Zinc

Consider the following statements:

Assertion (A): Rusting of iron is quicker in

Sea water than in river water.

Reason (R): Salinity helps in carrying

current.

Now select your answer according to the

coding scheme given below:

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

(B) Both (A) and (R) are true but (R) is not
the correct explanation of (A)

(©) (A) is true, but (R) is false

(D) (A) is false, but (R) is true

In which one of the following place is

electricity generated from hydel power?

(A) Neyveli (B) Ennore

(C) Tuticorin (D) Mettur

In an LCR circuit which will give a phase

lead to current than voltage?

(A) L (inductance)

(C) R (resistance)

Fuel cells are used in

(A) Aircraft

(B) Electric locomotives

(B) C (capacitance)
(D) All together

(C) Spacecrafts
(D) Submarines

8.

9.

10.

11.

12.

13.

With the help of histogram one can prepare
(A) Frequency polygon

(B) Frequency curve

(C) Frequency distribution

(D) All of these

Among the following polymers,
strongest molecular forces are present in
(A) Elastomers

(B) Natural fibres

(C) Thermoplastic polymers

the

(D) Thermosetting polymers

An optical path difference of A/2 is equal to
a phase difference of

(A)2m (B)3m
(©) (D) /2
TTL is

(A) Transistor-Transistor Logic

(B) Transmission-Transmission Logic

(C) Transistor-Transmission Logic

(D) None of these

Consider the following statements:

Assertion (A): The structure of the interior

of the Earth is deduced with The help of

seismic waves.

Reason (R): The ‘s’ waves travel in solid,

Liquid and air while “p” waves Travel only

in solid.

Now select your answer according to the

coding scheme given below:

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

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

(C) (A) is true, but (R) is false

(D) (A) is false, but (R) is true

The electric charge for electrode deposition

of 1 gram equivalent of a substance is

(A) 1 ampere per second

(B) 96,500 coulomb per second
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14.

15.

16.

17.

18.

19.

20.

21.

(©) 1 ampere per one hour

(D) Charge on one mole of electrons

A tunnel is dug from one end to the other
end of the earth through its centre. If a stone
is dropped in it, it

(A) Executes SHM

(B) Comes out from the other end

(C) Stops at the centre

(D) Stops at some distance

The weight of iron is more after rusting,
because

(A) It has expanded into a greater volume
(B) Rust contains twice as many iron atoms
(C) Of the additional oxygen it contains

(D) Iron undergoes reduction

A disadvantage of the laser printer is

(A) It is quieter than an impact printer

(B) The output is of a lower quality

(C) It is very slow

(D) None of these

Klystron produces

(A) Gamma rays

(B) Infrared rays

(C) Radiowaves

(D) Microwaves

A large number of free electrons exist in

(A) Insulator (B) Semi-conductor
(C) Non-metals (D) metals

The excess of pressure inside a spherical

bubble of radius r of a liquid of surface
tension T is

wI @0 o i
r r r

What does KDM 916 mean?

(A) 9.16% pure gold

(B) 90.16% pure gold

(C) 9.16% copper

(D) 91.6% pure gold

The unit of capacitance is

(A) Coulomb (B) Farad

(C) Ohm (D) Gram

22.

23.

24.

25.

26.

27.

28.

The Atomic station which has the highest
capacity (MW) is

(A) Kaiga, Karnataka

(B) Kota, Rajasthan

(C) Kudankulam, Tamil Nadu

(D) Tarapur, Maharashtra

The shape of the graph drawn between in pi,
versus 1/T for an intrinsic semi-conductor is
(p, - resistivity, T - temperature)

(A) Straight line (B) Circle

(C) Parabola (D) Ellipse

If the total energy of a particle is thrice its

rest energy, the then velocity of the particle
is, (c - velocity of light)

(A)

C / /
~ (B) 2C ©) 2y2C (D) 2C
3 3 3 3
The experiment to measure de Broglie
wavelength was first carried out by

(A) Rutherford

(B) Bohr

(C) Davisson-Germer

(D) Albert Einstein

An enhanced beam of monochromatic and

coherent light is called

(A) MASER (B) LASER

(C) TESTER (D) MASTER

The net resistance of a voltmeter should be

large to ensure that

(A) It does not get overheated

(B) It does not draw excessive current

(C) It can measure large potential
differences

(D) It does not change the potential
difference to be measured

Soft iron is an ideal
electromagnets because it

material for
(A) Exhibits maximum flux density

(B) Requires small magnetising field

(C) Exhibits low hysteresis loop

(D) All of these
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29

30.

. Consider the following statements:

Assertion (A) : Metals and glass are

Isotropic in nature.

Reason (R): They have the same Properties

in all Directions.

Now select your answer according to the

coding scheme given below:

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

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

(©) (A) is true, but (R) is false

(D) (A) is false, but (R) is true

The isomer of BHC which has insecticidal

property is

(A) o-isomer (B) B-isomer

(C) y-isomer (D) 6-isomer

31.

32.

In Integrated Circuit (IC) the following
component cannot be fabricated:

(A) Capacitors

(B) Diodes

(C) Transistors

(D) Inductors

Consider the following statements:

a. Earth has a radiation belt known as Van
Allen belt and magnetic field.

b. Moon has no magnetic field of its own
and no radiation belt of these sentences:
(A) (a) is true and (b) is false

(B) (a) is false and (b) is true

(C) Both (a) and (b) are false

(D) Both (a) and (b) are true

ANSWER
1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15 | 16
B D A B D B C D D D A C D C D D
17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32
D D C D B C A C C B C D A C D D
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Elements and Compounds

1.1 CLASSIFICATION OF ELEMENTS ON
THE BASIS OF PHYSICAL STATE

1. Solid
= It occupies definite shape and definite volume.
Ex: Carbon, Copper

2. Liquid

= It occupies definite volume but not definite
shape.
Ex: Gallium, Caesium, Mercury, Bromine

3. Gases

= It does not occupies definite shape and definite
volume.
Ex: Hydrogen, Oxygen

4. Plasma

= Super heated gaseous state.

5. Condensate
= Bose - Einstein - Super cooled solids.

Classification of elements on the basis of

properties

= Among 92 elements, 70 are metals.

= Metals are generally lustre, hard, malleable
and ductile.

1.1.1 Metals

* Metals are typically hard, shiny, malleable
(can be made as sheet), fusible and ductile (can
be drawn into wire) with good electrical and
thermal conductivity.

= Metals occupy larger area in the periodic table
and are categorized as:

1. Alkali metals. e.g. Lithium to Francium
(top to bottom)

2. Alkaline earth metals. e.g: Beryllium to
Radium (top to bottom)

3. Transition Metals. Group III B to IT A

4. P-Block metals. e.g: Al, Ga, In, T1, Sn, Pb
and Bi.

1.1.2 Non- Metals

= Non metals are soft, brittle and have no lustre.
Ex: carbon, oxygen, chlorine

= All non metals are arranged in P-Block only.
P-Block non metals: C, N O, P, S, Se, Halogen
(E, Cl, Br and I) and inert gases (Heyo Rn).

Metalloids
= Metalloids have the properties in between
metals and non metals.

Ex: Arsenic, Silicon, Boron,

Germanium.

Antimony,

Dalton’s Atomic Concept: According to
John Dalton atomic concept, elements are
made up of indivisible atoms. In addition
to elements atoms are of same kind.

Compounds

= Two (or) more elements combine in fixed ratio
to form a compound.
Ex: water contains mass ratio of hydrogen and
oxygen in 1:8
HO=1x2:1x16=2:16=1:8

Classification of Compounds Inorganic

Compounds

= It is obtained from rocks and ores.

Ex: Baking soda, limestone



130 | Chemistry

Organic Compounds
= It is obtained from plants and animals.

Ex: sucrose, protein, oil

Properties of Compound

1. Components of compounds cannot be separated by physical method. It can be separated only
by chemical method.

2. Formation of a compound is associated with evolution (or) absorption of heat.
3. Compound has a fixed melting and boiling point.
4. The properties of a compound are different from those of its component elements.
5. Compound is homogenous.
Uses of Compounds
Common Chemical Name Components Uses
Name
Water Hydrogen Hydrogen and Oxygen | For drinking and as a solvent
monoxide H,O
Table salt Sodium Sodium and chlorine Essential component of our daily
Chloride (NaCl) diet, preservative for meat and fish
Sugar Sucrose Carbon, Hydrogen Preparation of sweets, and
(C,H,,0,) and Oxygen fruit juices. Also used in tonics,
emulsifying agents and detergents
Baking soda | Sodium Sodium, Hydrogen, Fire extinguisher, preparation of
bicarbonate carbon and Oxygen baking powder, cakes and bread.
(NaHCO,)
Washing Sodium Sodium, Carbon and As a cleaning agent in soap and
soda Carbonate Oxygen softening of hard water
(Na,CO,)
Bleaching Calcium Calcium, Oxygen and As a bleaching agent, disinfectant
Powder Oxy chloride Chlorine and sterilisation of drinking water
(CaOCl,)
Gobar gas Methane (CH,) | Carbon and Hydrogen | Important component of natural
gas
Quick lime Calcium oxide Calcium and Oxygen Manufacturing of cement and glass
(CaO)
Slaked lime Calcium Calcium, Oxygen and | Whitewashing of walls.
hydroxide Hydrogen
Ca(OH),
Lime stone Calcium Calcium, Carbon and Preparation of chalk pieces, used
Carbonate Oxygen in manufacturing mining paper
CaCo, production and water treatment etc
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Atomicity

* The number of atoms present in one molecule
of an element is called the atomicity of an
element.

Monoatomic - One Atom: Silver (Ag),
Potassium (K), Carbon (C) and inert
gases.

Diatomic - Two Atom: Hydrogen (H,),
Bromine (Br,), Chlorine (Cl,), Oxygen

Triatomic - Three Atoms: Ozone (03)

Polyatomic - Many Atoms: Phosphorus
(P,), Sulphur (S,)

1.2 PERIODIC CLASSIFICATION OF
ELEMENTS

1.2.1 Dobereiner’s Classification of
Elements

= In each case, the middle element has an atomic
mass almost equal to the average atomic
masses of the other two elements in the triads.

* In 1817, Johann Wolfgang Dobereiner, a
German chemist, suggested a method of
grouping elements based on their relative
atomic masses.

* Dobereiner showed that when the three
elements in a triad are arranged in the
ascending order of their atomic masses, the
atomic mass of the middle element is nearly
the same as average of atomic masses of other
two elements. This statement is called the
Dobereiner’s law of triads.

Ex: Lithium 7, Sodium 23, Potassium 39

Limitations

* Dobereiner could identify only three triads
from the elements known at that time and all
elements could not be classified in the form of
triads.

* The law was not applicable to elements having
very low and very high atomic mass.

1.2.2 Law of Octaves

= In 1866, John Newlands arranged 56 known
elements in the increasing order of their
atomic mass.

= John Newland suggested law of octaves.

= If elements are arranged in ascending order of
their atomic masses then every eighth element
is a kind of repetition of the first one either
succeeding (or) preceding it, like eighth note
in octave of music.

Limitation of Newland’s Classification

1. This classification failed with regard to the
heavier elements. i.e. those lying beyond
calcium.

2. After the discovery of the noble gases, the
idea of octaves did not work.

3. There are instances of two elements being
fitted into the same slot, e.g. cobalt and
nickel.

4. Some elements, totally dissimilar in their
properties, were fitted into the same group.
(Arrangement of Co, Ni, Pd, Pt and Ir in the
row of halogens)

5. Newlands’ table was restricted to only 56
elements and did not leave any room for
new elements.

Mendeleev’s Periodic Table

= In 1869, Mendeleev, a Russian scientist,
prepared the first periodic table. He arranged
the periodic table with increasing order of
atomic masses.

= Based on this, he proposed the law of
periodicity which states that “the physical
and chemical properties of elements are the
periodic functions of their atomic masses”.

= This was best known as the short form of
periodic table.

Modern Periodic Table (H.J. Mosley)

* In 1913, Moseley, an English physicist
measured the frequencies of x-rays emitted by
a metal, when the metal was bombarded with
high speed electrons.

= He plotted square roots of the frequencies
against atomic numbers.

= The plot obtained was a straight line. He
found that the square root of the frequency of
the prominent x- rays emitted by a metal was
proportional to the atomic number and not to
the atomic weight of the atom of that metal.
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Group Families
1 Alkali Metals
2 Alkali Earth Metals
3to12 Transition Metals
13 Boron Family
14 Carbon Family
15 Nitrogen Family
16 Oxygen Family or
Chalcogen Family
17 Halogens
18 Noble Gases

Modern Periodic Law

* The modern periodic law can be stated as
follows: “The chemical and physical properties
of elements are periodic functions of their
atomic numbers”.

Features of Modern Periodic Table
= All the elements are arranged in the increasing
order of their atomic number.

* The horizontal rows are called periods. There
are seven periods in the periodic table.

= The elements are placed in periods based on
the number of shells in their atoms.

Difference between Elemenits and Compounds

= Vertical columns in the periodic table starting
from top to bottom are called groups. There
are 18 groups in the periodic table.

= Based on the physical and chemical properties
of elements, they are grouped into various
families.

Law of constant composition (or) Law of
definite proportion (Proust 1779)

= A pure chemical compound prepared by
any method consists of the same elements
combined together in a fixed proportion by
mass.

= Two (or) more elements and compounds are
fixed in any ratio to form mixtures.

Types of Mixtures
* Homogenous Mixture: It is available in
the same phase. Ex. Alloys, Air

= Heterogenous Mixture: Two (or) more
in different phases. Ex. water mixed in
oil
Atom: In a greek language atom means
“incapability of being cut”
1.3 SUB ATOMIC PARTICLES
Protons

= It is a positively charged particles
= Itis found in the nucleus

No. Elements Compounds

1. Elements are physically mixed in any Elements are chemically combined in a
ratio and no new compound is formed. fixed ratio to form a new compound.

2. They have no sharp (or) definite melting | They have definite melting point, boiling
point, boiling point, density etc. point, density etc.

3. A mixture exhibits the properties of its Property of a compound is different from
constituent (or) component elements its constituent (or) component elements.

4. They are either homogenous (or) They are always homogenous in nature.
heterogeneous in nature.

5. Constituents of a mixture can be Constituents of a compound cannot be
separated by physical methods like separated by physical methods.
filtration, magnetic separation etc.
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Electrons
= It is negatively charged particles.

= It revolves around the nucleus.

Neutrons

= It is a neutral particles.

= Itis found in the nucleus.

Atomic Number (A)

* The number of protons in the nucleus (or)

The number of electrons revolving around the
nucleus.

Mass number (Z)
= The sum of the number of protons and
neutrons in two nucleus of an atom.

= Mass number (Z) = Number of protons +
number of neutrons.

* No. of neutrons = mass number - atomic
number (n= Z-A)
1. The gas that can be used to fill party balloons
is Helium

2. The gas that is used to make flash light is
Krypton

3. The gas widely used in advertisement signs
is Neon

The gas present in tungsten bulb is Argon
The gas present in the universe is Hydrogen
The gas used in high intensity lamp is Xenon

N o G

The gas which is used in tooth pastes to
keep the teeth strong is Fluorine

8. The gas which helps to keep swimming
pool clean is Chlorine

9. The radioactive gas is Neptunium

10. About 21% of earth’s atmosphere consists
of Magnesium

Approval by IUPAC
= [UPAC allotted the symbol of element of
atomic number 112. Name of the element is
Copernicium (Cn-112).
Recently Approved Elements by IUPAC
1. 113 - Nihonium (Nh)
2. 115 - Moscovium (Mc)
3. 117 - Tennessine (Ts)
4. 118 - Oganesson (Og)

Reactivity Series of Metals

Potassium (K)

These metals react

Sodium (Na) with water

Calcium (Ca

)
Magnesium (Mg)

Aluminium (Al)

Manganese (Mn)

Zinc (Zn)

- These metals react
Chromium (Cr) with dilute acids.
Iron (Fe)

Nickel (Ni)

Tin (Sn)

Lead (Pb)

Coppté ) These metals do not

Silver (Ag) react with dilute

Gold (Au) acids.
Isotopes

= Invented by T.W. Richards.

= Isotopes are atoms of the same element having
the same atomic number but different mass
numbers Ex. ,Li’, |Li®

Uses

= Fe - 59 — treatment of anemia
= [ -131 — treatment of goiter

* Co-60 — treatment of cancer

* P-32 — Eye treatment

* C-11 — Brain scan

Isobars: Same mass numbers, different
atomic numbers are called isobars. Ex.
18Ar40’ 2oca40

Isotones: Elements with Different mass
number, different atomic number but same

number of neutrons are called isotones.
13 14
6C 4 7N
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1.

TNPSC PREVIOUS YEAR QUESTIONS

Consider the following statements:

1. Sodium hydroxide is used to remove
grease stains from cloths.

2. Calcium hydroxide is used in the
manufacture of wax.

3. Ammonium hydroxide is used in the
white washing of buildings.

4. Magnesium hydroxide is used as a
medicine for stomach troubles. - Of these

(A) 1 and 2 correct

(C) 3 and 1 correct

Which of the following triads are referred to

as coinage metals?

(B) 2 only correct
(D) 4 only correct

1. Li, K, Na 2. Be, Mg, Ca
3.B, Al, Ga 4.Cu, Ag, Au
(A)1 (B)2
©3 (D)4

The element(s) which exist in liquid state at
room temperature is (are)

1. Sodium 2. Bromine
3. Mercury 4. Magnesium
Of these :

(A) 1 alone is correct

(B) 1 and 2 are correct

(©) 2 and 3 are correct

(D) All are correct

Which one of the following is neither an
element nor a compound?

(A) Silver (B) Air

(C) Water (D) Sucrose

If the mass number of an clement is 16 and

the atomic number is 8 then the number of
neutrons is

(A) 16 (B) 8
(C) 32 (D) 4
ANSWER

6.

10.

11.

12.

13.

The melting point of silver is

(A)3270C (B) 800 C

(©) 9610 C (D) 10830 C

18 ct contains % weight of gold.
(A)91.6 (B) 75

(C) 100 (D) 94

Which metal will melt on palm of the hand?
(A) Mercury (B) Gold

(C) Gallium (D) Silver

The percentage of Gold in 24- carat gold is
(A) 75% (B) 100%

(C) 91.6% (D) 50%

Which of the following statement is not

correct?

(A) Metals are malleable and ductile

(B) Metals are good conductors of heat and
electricity

(C) Metals are non-sonorous

(D) Metals are hard with high melting points

Which one is added to paint to impart bright
whiteness?

(A) MgO, (B) TiO,

(C) CaO (D) MnO,

The element used in making Lead pencil is :
(A) Carbon (B) Tin

(C) Lead (D) Zinc

The mixture present in the pencil lead is

(A) Carbon and Nitrogen
(B) Carbon and Oxygen
(C) Carbon and Clay

(D) Carbon and Glass

1

2 3 4 5 6 7 8

D D Cc B B C B




Acids, Bases and Salts

= An acid is the compound which are capable of forming hydrogen ions (H+) in aqueous
solution whereas a base is the compound that forms hydroxyl ions (OH-) solution.

= When an acid and a base react with each other, a neutral product is formed which is called

salt.

2.1 ACIDS

= The word acid is derived from the Latin name
“acids” which means sour taste. Substances
with sour taste are acids. Lemon juice, vinegar
and grape juice have sour taste.

* Acid is a substance which give ions when
dissolved with water. All hydrogen available
substances are not considered as a acid. Acid
change blue litmus to red. They are colorless
with phenolphthalein and pink with methyl
orange.

Basicity
= For acids, we use the terms basicity

= Refers to number of replaceable hydrogen
atoms present in one molecule of an acid.

Ex. Ammonia (NH,), Methane (CH))
Types

2.1.1 Classification of Acids based on
their sources

1. Organic Acid: Acids present in plants and
animals are organic acids. Ex. HCOOH,
CH3COOH.

2. Inorganic Acid: Acids from rocks and
minerals are inorganic acids (or) mineral
acids. Ex. Hydrochloric Acid, HNO, ,
H2.0, .

2.1.2 Classification of Acids based on
their basicity
1. Monobasic Acid
= Acid that contain only one replaceable

hydrogen atom per molecule is called
monobasic acid.

= It is an acid which give one hydrogen ion
per molecule of the acid in solution. eg.
HCI, HNO,

2. Dibasic Acid: It is an acid which gives
two hydrogen ions per molecule of the
acid in solution. Eg. H,SO,, H,CO,

3. Tribasic Acid: It is an acid which gives
three hydrogen ions per molecule of the
acid in solution. Eg. H,PO,.

2.1.3 Classification of Acids based on
lonization
1. Strong Acids: These are acids which
ionise completely in water. eg. HCI
2. Weak Acids: These are acids which ionise
partially in water. eg. CH,COOH

2.1.4 Classification of Acids based on
Concentration

1. Concentrated Acid: It is an acid having a

relatively high percentage of acid in its
aqueous solution.
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2. Dilute Acid: It is an acid having a
relatively low percentage of acid in

aqueous solution.

Some important inorganic Acids used in

laboratory
Chemical Other Name Molecular
Name Formula
Hydrocholoric | Muriatic
Acid Acid HCl
. Oil of vitriol
SAlzliElhurlC (or) king of H,SO,
chemicals
Nitric Acid Aqua fortis HNO,

4.
5.
6.

solid. ex. Benzoic Acid.
Except some organic acid, remaining all
acids are soluble in water.

Inorganic acids are highly corrosive in
nature. It affects the surface of the metals
and skin of the body.

Acids are sour in taste
Acids are good conductor of electricity.
Acids turns blue litmus red

Chemical Properties

1.

Acids are react with metal to evolve
hydrogen gas.

Acid + Metal - Salt+H, 7T

(produce “pop” sound)

H,SO, + Zn — ZnSO, + H, 1

2. Acids react with base to form salt and water
Acid + Base — Salt + Water

HCl + NaOH — NaCl + H,O

Acids react with carbonate salts to produce
carbondioxide gas.

Na,CO, + 2HCl — 2NaCl + H,O + CO, T
(change lime water into milky)

Physical Properties of Acids

1. Inorganic acids are colourless. Sometimes
sulphuric acid is light brown colour, 3.
concentrated Hydrochloric acid is light
yellow in colour due to impurities present
in it. Some organic acids are colourless

Acids used in day to Day Life

S.No. Acids Sources
1 Citric Acid Citrus fruits like lemons and oranges
2 Lactic Acid Sour milk
3 Formic Acid (IUPAC: Methanoic Acid) Stings of ants and bees
4 Butyric Acid Butter
5 Acetic Acid (IUPAC: Ethanoic Acid) Vinegar
6 Tartaric Acid Tamarind, grapes
7 Malic Acid Apple
8 Uric Acid Urine
9 Oxalic Acid Tomato
10 Stearic Acid Fats
11 Cholic Acid Bile water
12 Ascorbic Acid Brinjal
13 Amino Acid Proteins
14 Nucleic Acid DNA & RNA
15 Acetyl Salicyclic Acid Aspirin
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Strongest Acid in the World
* HFSO, - Hydro fluoro sulphuric Acid (or)
Fluoro sulphuric Acid

WHO SAYS WHAT
* Lavoisier: Oxygen is basic substance of
all acids.

* Dacis: Hydrogen is basic substance of
all acids.

* Arrhenius: Hydrogen given substance
is acid. Hydroxide given substance is
base.

» Lowery-Bronstead: Loss of protons, is
acid (H"), gain of protons, is base.

2.2 USES OF ACID

Uses of Inorganic Acid
* In Chemical laboratories as reagents.

* Industries for manufacturing dyes, drugs,
paints, perfumes, fertilizers and explosives.

* The extraction of glue from bones and metals
from its ore.

* Refining petroleum.

Uses of organic Acids

= As food preservatives

= As a source of vitamin

= To add flavour to food stuffs and drinks.
Uses of HNO,

= In the manufacture
ammonium nitrate.

of fertilizers like

= In the manufacture of explosive like TNT
(Trinitro toluene), TNB (Trinitro benzene),
Picric acid (Trinitro phenol) etc

* Nitro Glycerine (Dynamite)

Uses of Sulphuric Acid (H,SO))

* In lead storage battery

* In the manufacture of HCI

* In the manufacture of Alum

* In the manufacture of fertilizers, drugs,
detergents & explosives.

Uses of HCI
= HCI present in gastric juices are responsible
for the digestion.

= Used as bathroom cleaner.

= As a pickling agent before galvanization.

Uses of Phosphoric Acids

= It forms phosphatic fertilizers

* PO,” is involved in providing energy for
chemical reactions in our body.

Uses of Tartaric Acids

= Souring agent for Pickles

= A component of baking powder (sodium
bicarbonate, tartaric acid)

Uses of Acids
= Boric Acids: As an antiseptic

= Ascorbic Acids: Sources of Vitamin C

= Citric Acids: Flavouring agent & food
preservative

» Acetic Acids: Flavouring agent & food
preservative

Aquaregia
= We know that metals like gold and silver are
not reactive with either HCI or HNO3

= But the mixture of these two acids can dissolve
gold.

= This mixture is called Aquaregia. Itis a mixture
of hydrochloric acid and nitric acid prepared
optimally in a molar ratio of 3:1.

* Itis a yellow orange fuming liquid.

= It is a highly corrosive liquid, able to attack
gold and other resistant substances.

= The term aquaregia is a Latin phrase meaning
“King’s Water”.

* The name reflects the ability of aquaregia
to dissolve the noble metals such as gold,
platinum and palladium.

Uses of Aquaregia

= It is used chiefly to dissolve metals such as
gold and platinum.

* Itis used for cleaning and refining gold.

2.3 BASES

= Alkali derived from the arabic word “alquili”
which means plant ashes.

= All alkalis are bases, but not all bases are alkali.
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= Bases is a substance of metallic hydroxide (or)
oxide which releases hydroxide ions when
dissolved in water.

= Acid rain-Sulphuric Acid, Nitric Acid
* Dissolves glass-Hydrofluoric Acid
= Eye wash - Boric Acid

Strongest Acid Weakest Acid
{ 2
HFSO, Acetic Acid
s \A
HNO, Phosphoric Acid
{ 2
H,SO, Carbonic Acid
2
HCl

Acidity of the Base: The number of replaceable
hydroxide ions per molecule of the base are
known as acidity of the base.

2.3.1 Classification of Bases

1. Based on Concentration
1. Strong Base: Completely ionized Ex.
NaOH, KOH
2. Weak Base: Partially ionized. Ex. NH,OH,
Ca(OH),
2. Based on Acidity — Tri acidic base
1. Mono Acidic Base: It is a base which
ionises in water to give one hydroxide ion

2. Diacidic Base: It is a base which ionizes
in water to give two hydroxide ions per
molecule. Eg. Ca(OH),, Mg(OH)),

3. Tri Acidic Base: It is a base which ionises

in water to give three hydroxide ions per
molecule. Eg. AI[(OH),, Fe(OH),

3. Based on Concentration

1. Concentrated Alkali: It is an alkali having
a relatively high percentage of alkali in
aqueous solution.

2. Dilute alkali: It is an alkali having a
relatively low percentage of alkali in its
aqueous solution.

Physical Properties of Bases

1. Bases are colourless, odourless but iron and
copper hydroxides have definite colour.

Bases are bitter in taste.
Bases are corrosive in nature.
Bases feel soapy on touching.

Bases are good conductor of electricity.

QAL Tl LI

Bases have hydroxyl ions, only non-metallic
hydroxide is Ammonium hydroxide
(NH,OH).

Chemical Properties

1. Bases react with water to form salt
and water, these reactions are called
neutralization reaction.

Base + Acid — salt + water

per molecule. Eg. NaOH, KOH KOH + HCl - KCl + HO
Some bases used in day Today Life
S1. No Name Other Name Formula Solubility in
water
1. Sodium Hydroxide Caustic Soda NaOH Soluble
2. Potassium Hydroxide Caustic Potash KOH Soluble
3. Calcium Hydroxide Slaked Lime Ca(OH), Partially Soluble
4. Calcium Oxide Quick Lime CaO Insoluble
5. Iron (Ii) Hydroxide Ferric Hydroxide Fe(OH), Insoluble
6. Magnesium Hydroxide Milk Of Magnesia | Mg(OH), Insoluble
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2. Bases react with metal produce hydrogen
gas.
Ex. Zn + 2NaOH — Na,ZnO, + H,

Uses of Bases
* In industries for manufacture of soap, textile,
plastic

= For manufacturing paper, pulp and medicine
* To remove grease and stains from clothes.

Indicator: Indicator are a group of
compounds that change colour when
added to solutions containing either
acidic (or) basic substances.

2.4 SALTS

= Acids react with base to form salt and water.
This reactions are known as neutralization
reaction.

= It is an exothermic reaction.
= Acid + Base - salt + water + heat

Types of Salts

= Simple salt: Ex. Sodium chloride, Potassium
chloride, Sodium sulphate.

= Acidic salt: Ex. Sodium bi sulphate, Potassium
bi sulphate, Sodium bi carbonate

* Basic salts: Ex. Basic magnesium chloride,
Basic lead chloride.

Some Salts are used in day Today Life

Indicator Colour in Colour in
Acid base

Litmus Blue to Red | Red to Blue
Phenolphthalin | Colourless | Pink
Turmeric Yellow Brick Red
Beetroot juice Pink Pale yellow
].Ijleige Cabbage Pink / Red | Green
Methyl orange | Pink Yellow

= Double salts: Ex. Potash alum, Mohr salt

salt: Ex.
carbonate, Bleaching powder

= Complete Sodium potassium

= Complex salt: Ex. Potassium ferro cyanide,
Sodium Zinc cyanide

Common Salt (NaCl)
= It is used in our daily food and used as a
preservative.

General Properties of Salts

= Salts of Sodium and potassium are colourless.
Ex. Nacl, Kcl but Copper, Iron, Chromium
salts are coloured. Ex. Copper sulphate -
Blue colour, Potassium dichromate-Reddish
orange, Ferrous sulphate - light green colour

No Common Name Chemical Name Formula

1 Simple Salt Sodium Chloride NaCl

2 Washing Soda Hydrated Sodium Carbonate Na,CO,.10H,0

3 Bread Soda Sodium Bicarbonate NaO.CO,

4 Bleaching Powder Calicum Oxychloride CaOCl,

5 Limestone Calcium Carbonate CaCO,

6 Chile Salt Peter Sodium Nitrate NaNO,

7 Hyposulfite Sodium Thio Sulphate Na,S,0,

8 Epsom Salt Hydrated Magnesium Sulphate MgSO,. 7H,o0

9 Plaster Of Paris Hydrated Calcium Sulphate CaS0O, . 1/2H,0
10 Blue Vitriol Hydrated Copper Sulphate CuSO,. 5H,0
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= Generally metallic salts are soluble in water but
some metallic carbonates, oxides, sulphates
are insoluble in water.

= Ex. Calcium Carbonate

= Salts have high melting and boiling points

= Aqueous solution of metallic salts conduct
electricity.

Uses of Salis
* Sodium Chloride (NaCl):
pickles, fish, meat, vegetables

Preserve

* Sodium Benzoate: It is used to preserve
food items.

* Calcium Carbonate: It is used to prepare
chalk piece

= Silver Nitrate: It is used to prepare hair
dyes.

Washing Soda (Sodium Carbonate-)
= Itis used in softening hard water.

= It is used in glass, soap and paper industries.
Baking Soda (Sodium bicarbonate-NaHCO, )

= It is used in making of baking powder which
is a mixture of baking soda and tartaric acid.

= It is used in soda-acid fire extinguishers.

* Baking powder is used to make cakes and
bread, soft and spongy.

= It neutralizes excess acid in the stomach and
provides relief.

Bleaching Powder (Calcium Oxychloride
-CaOC,)
= It is used as disinfectant.

= It is used in textile industry for bleaching
cotton and linen.

Plaster of Paris (Calcium Sulphate
Hemihydrate - CaSO,.1/2 H,0)
= It is used for plastering bones

= It is used for making casts for statues.

pH Scale

* pH stands for the power of hydrogen ion
concentration in a solution.

= Whether a solution is acidic (or) basic (or)
neutral.

* pH scale was introduced by S.P.L Sorenson.

* It is mathematically expressed as pH =
-log, ,(H")

» For neutral solution (H) = 10"M, pH =7

* For acidic solution (H*) >10"M, pH <7

* For basic solution (H*)< 10”M, pH >7

= When OH - ions are taken into account the pH

expression is replaced by pOH
pOH 1 loglo(OH_)

Importance of pH in Everyday Life

* pH in Human Body: Using pH factor, the
general health condition of our body can be
examined. At pH level 6.9, the body becomes
prone to viral infections like cold, cough and
flu. Cancer cells thrive inside the body at a pH
of 5.5.

= The pH of a normal, healthy human skin is 4.5
to 6. Proper skin pH is essential for a healthy
complexion.

= pH of stomach fluid is approximately 2.0. This
fluid is essential for the digestion of food.

* Human blood pH range is 7.35 to 7.45. Any
increase or decrease in this value, leads to
diseases. The ideal pH for blood is 7.4.

* pH of saliva normally ranges between 6.5 to
7.5.

* Gallium is a metal. It has a melting point of 29.80C. Hence temperature of human body is

enough to melt the metal.

= Alnicos are alloys of Iron, Aluminium and Nickel and Cobalt. Alnicos are used to make
magnets, up to 25 times as strong as ordinary magnets.

= Amalgam is an alloy in which one of the constituents is mercury.

= Titanium is called Strategic metal because it is lighter than iron.

= Cadmium rod is used in nuclear reactor to slow down the speed of neutron.
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White enamel coating of our teeth is calcium
phosphate, the hardest substance in our body.
It does not dissolve in water. If pH of mouth
falls below 5.5, the enamel gets corroded.

Toothpastes which are generally basic and
used for cleaning the teeth can neutralize the
excess acid and prevent tooth decay.

The pH Value of some Common Liquids

pH changes as the cause of tooth decay
= White enamel coating of our teeth is calcium
phosphate, the hardest substance in our body.

= Toothpastes which are generally basic and
used for cleaning the teeth can neutralize the
excess acid and prevent tooth decay.

Liquid Approximate pH Liquid Approximate pH

Lemon Juice 25 Soft Drinks 3

Wine 2.8 Tomato Juice 40-44
Apple juice 3.0 Blood 73-75
Vinegar 3.0 Pure water 7.0

Urine 4.8 Sea water 8.5

Coffee 5.0 Toothpaste 9.0

Saliva 6.5-7.5 Milk of Magnesia 10.5

Milk 6.5 House hold Ammonia 12.0

Problems

1. Hydrogen ion concentration of a solution is 0.001m. What is the pH value?

Solution
pH = -log, ,(H")
= -log,,(0.001)
= -log, (107)

=-(-3) log 10" pH=3

2. Hydroxide ion concentration of a solution is 0.001 m. What is the pH value?

pOH = _logw(OH)
pOH = -10g10(10'3)
pOH =3 pH=14 - p°t
=14-3 pH=11
I I A N O [
0 1 2 3 4 5 7 8 9 10) 11| 12| 13| 14
Acidic nature increases Neutral Basic nature increases
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TNPSC PREVIOUS YEAR QUESTIONS

1. Which is the strongest acid?
(A) HCOOH (B) CH,COOH
(C) C,H,CcO0H (D) C,H,COOH

2. The correct increasing order of acidity of
HCIO, HCIO,, HCIO, and HCIO, is
(A) HCIO<HCIO,<HCIO, < HCIO,
(B) HCIO,<HCIO< HCIO, < HCIO,
(C) HCIO,<HCIO,< HCIO, < HCIO
(D) HCIO, < HCIO, HCIO, < HCIO
3. Which one of the following is not correct?
(A) Base is any substance that can supply
ion in aqueous medium
(B) Base is any substance that can accept a
proton in aqueous medium
(C) Base is any substance that can donate a
pair of electrons
(D) Base is any substance that can accept a
pair of electrons

5.

6.

The conjugate base of NH,+ is

(A) NH, (B) NH,OH

(C) NH, (D) N,H,

When Nitric acid is mixed with concentrated
sulphuric acid....

(A) SO, is formed (B) NO, + is formed
(C) NH, is formed (D) H,S is formed
What type of solution you get when solid
Sodium Nitrate (NaNO,) is dissolved in
pure water?

(A) Acidic (B) Basic

(C) Neutral (D) Amphoteric
Louis bases are

1. Electron donors

2. Electron accessors

3. Electron rich compounds

4. Negatively charged ions

Choose the correct answer.

(A)1,2and 3 (B)1,3and 4
4. Acids are substan.ces which give H+ ions in (C) 2,3 and 4 (D) all of these
aqueous solution is the concept of
(A) Arrhenius (B) In gold 9. Which one is metalloid?
(C) Faraday (D) Oswald (A) Iron (B) Carbon
(C) Sulphur (D) Boron
ANSWER
1 2 3 4 5 8 9
A A D A A B B B D




Fertilizers, Pesticides and Insecticides

3.1 PLANT NUTRIENTS

= Plants like human beings and animals require
food for their growth and development.

= The food of plants is composed of certain
chemical elements known as plant nutrients
(or) plant food elements.

* Plants get nutrients from air, water and soil.

1. Air — Carbon, Oxygen
2. Water — Hydrogen

3. Soil — Nitrogen, Phosphorus, Potassium,
Calcium, Magnesium, Sulphur, Iron,
Manganese, Boron, Zinc, Copper,
Molybdenum and Chlorine.

* Nearly 16 elements are essential for plant
growth and reproduction.

3.1.1 Classification of Nutrients

1. Macro Nutrients: Elements which are
needed in large quantities for growth of
the plants are called Macro Nutrients. They
are Carbon, Hydrogen, Oxygen, Nitrogen,
Phosphorous, Sulphur, Potassium, Calcium,
Magnesium and Iron.

2. Micro Nutrients: Elements which are
needed by the plants in very small
quantities are called micro nutrients. They
are Manganese, Copper, Molybdenum,
Zinc, Boron and Chlorine.

3.1.2 Fertilizers

= Fertilizers are those substances which must
be added to the soil in order to remove the
deficiency of essential elements required for
plant growth.

Natural Fertilizers

Manure: Manure is an organic substance and
is prepared by the decomposition of plant and
animal wastes.
Farm yard Manure: This is the decomposed
mixture of excreta (dung) and urine of farm
animals like cow, horse, goat and sheep along
with left over manures and contain nitrogen,
phosphorus and potassium.

1. Nitrogen- 0.5%

2. Potassium Oxide - 0.5%

3. Phosphours Penta Oxide - 0.2%

Artificial Fertilizers: Artificial Fertilizers are
chemicals commercially produced in factories
and used as plant nutrients.

Properties of Good Fertilizers

= The element present in the compound must be
easily available to the plant.

= The substance must be soluble in water.

= It should be stable, so that it may be made
available to the plant for a long time.

* It should not be very costly.

* It should maintain the PH of the soil in the
vicinity of 7 to 8.

= It should not be a poison for plant.

Compost

= Compost prepared by using earth worms
to speed up the process of decomposition
of plant and animal wastes is called
vermi compost.



144 | Chemistry

Green Manures
* Leguminuous plants like sun-hemp (or) « These amino acids are then converted into

cluster bean are grown and then mulched by
ploughing them back into the soil.

= This helps in enriching the soil with nitrogen

and phosphorous.

chemical system in the plant.

proteins and enzymes.

* Proteins thus formed make part of the
protoplasm, while enzymes act as catalysts for
various reactions taking place in the plants.

3.2 TYPES OF ARTIFICIAL FERTILIZERS * Nitrogen is also a special constituent of the

3.2.1 Nitrogen Fertilizers

* Soil takes up the nitrogen in the form of
ammonium (or) nitrate ions and forms amino
acids with carbon compounds in the complex

chlorophyll, without which photosynthesis is
not possible.

Older Phosphorus Fertilizers
= Dicalcium phosphate

= Triple superphosphate

Deficiency Diseases for Plants

S. No. Nutrient Adverse effects
The plant becomes yellowish (or) light green and remains stunted.
1 Nitrogen The leaves and young fruits lend to drop prematurely and growth
gives poor yield.
Root and shoot growth is restricted and plants become thin and
2 Phosphours spindly leaves may shed prematurely and there may be considerable
delaying in flowering and fruiting.
3 Potassium Deficiency (‘)f potassium may cause chlorosis (ie) yellowing of leaves
and scorch in the case of fruit trees.
. The normal growth of the plant is arrested. Roots may become short,
4 Calcium
stubby and brown.
5 Magnesium Chlorosis the yellowing of the older leaves. This is called chlorosis.
Young leaves may turn yellow and roots, stems may become
6 Sulphur g
abnormally long and may also develop woodiness.
In deficiency of iron, chlorosis of young leaves takes place but the
7 Iron veins remains green. In severe deficiency, leaves become almost
pale white because of loss of chlorophyll.
A deficiency of manganese leads to chlorosis in the interveinal tissue
8 Manganese .
of net-veined leaves and plants.
_ Shortening of internodes. Interrenial chlorosis of the foliage,
9 Zinc . . . . S
particulary in lower leaves, with the size reduction in young leaves.
10 Copper C.oppe? deficiency is evident as chlorosis, withering and often
distortion of the thermal leaves.
1 Molybdenum The deficiency .of .mol.ybedenl%n_l reduces ’fhe activity of the symbiotic
and non-symbiotic nitrogen fixing organism.
Plant growth is retarded and the leaves turn yellow (or) red. Boron
12 Boron deficiency is generally associated with sterility and malformation of

reproductive organs.
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Urea

= It contains 46.6% of nitrogen.
= Product cost is low

* It maintain pH Value.

Importance of Nitrogen

= Production of DNA, RNA
* Production of amino acids
» Formation of protoplasam

3.2.2 Phosphorous Fertilizers

= [t stimulate to crop growth.

= It help growth seed, flower and root growth.

= It helps to increase the number of N2 fixing
bacteria in roots.

Importance of Phosphorus

= Production of ATP energy molecule.

= Support of DNA, RNA production

3.2.3 Potassium Fertilizers

= It helps to plant growth

= It helps to resistance from insects, disease
resistance protection from drought

= Ex. Potassium nitrate, Potassium chloride,
Potassium sulphate.

3.2.4 Bio Fertilizers
= Fertilizers which are derived from living
organism are called bio fertilizers.
= The main source of bio-fertilizers are bacteria,
cyanobacteria and fungi. Bio fertilizers are
renewable and non- polluting sources of plant
nutrients. They also improve the soil condition.
* Rhizobium and Cyanobacteriasuchas Anabena
and Nostoc are common bio fertilizers.
Impotence: Bio-fertilizer adds nutrients
through the natural process of nitrogen
fixation, Stimulate the plant growth through
the synthesis of growth-promoting substance.
Pests: Pests are organisms of plants (or)
animal origin which damage cultivated crops

(or) plant products in storage.

= Ammonium Sulphate: It contains 24-
25% of nitrogen.

» Calcium Ammonium Nitrate (CAN): It
contains 20% of nitrogen

Insecticides
* The chemical substances which are used to kill
the insects are called insecticides.

= Ex. DDT (Dichloro diphenyl trichloro ethane)

= Malathion, Endosulphone, Gammexane (0r)
Lindane (or) BHC (Benzene hexa choloride).

Fungicides

= The chemicals used to kill fungi are called
fungicides.

= Ex. Bordeaux mixture (CuSO4 + Ca(OH)2),
Copper oxy chloride

Rodenticides
= The chemicals used to kill rodents like rats,
mice and squirrel are called rodenticides.

= Ex. Zinc phosphate, Arsenic, Thallium
sulphate, white phosphorous
Weedicides

* he chemicals substances which are used to kill
the weeds are called weedicides.

= Ex. 2,4 -D (2,4 dichlorophenoxy acetic acid).

3.2.5 Insect Pests

1. Chewing Insects: They cut and chew the
root, stem and leaves of the plants. eg.
grasshoppers, caterpillars etc.

2. Sucking Insects: They suck the cell sap
from different parts of the plants. eg. leaf
hoppers, aphids etc.

3. Borer Insects: They bore and enter
different parts and feed on the plant
tissues. eg. Sugarcane borer.

3.2.6 Methods of insect Pest Control

= Root cutting insects are controlled by mixing
insecticides in soil. eg. chlorophyriphos

* Stem and leaf cutting and boring insects are
controlled by dusting (or) spraying contact
insecticides. eg. Malathion, Lindane and
Thiodan.

= The sap sucking insects can be controlled by
spraying insecticides. eg. Dimethoate and
Metasystox.
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Which of the following known
as complete fertilizer?

(A) Nitrogenous fertilizer

(B) Potash fertilizer

(C) NPK fertilizer

(D) NP fertilizer

Potassium in the fertilizers is primarily for
(A) Root growth

(B) Flowering

(C) For the leaves

(D) Building resistance

Example of Rodenticides

(A) DAP (B) Zinc phosphate
(C) Arsenic (D) Band C
Which one is not nitrogen fertilizer?

(A) Ammonium Sulphate

(B) CAN
(C) Urea

Find the incorrect statement(s)
from the following

(D) Gypsum

1. 2, 4, 5 trichlorophenoxy acetic acid is a
herbicide
2. Thallium compounds are fumigants

3. Organo phosphorus insectides inhibit
cholinesterase

4. Organo chlorine insectides are stomach
poisons

(A) (1) and (3) only (B) (2) and (3) only

(©) (2) and (4) only (D) (3) and (4) only

Bordeaux mixture contains

(A) Copper sulphate, hydrated lime and

water

(B) Copper sulphate, sodalime and water

(C) Cobalt sulphate, urea and water

(D) Copper arsenate, urea and ammonia

7.

10.

11.

12.

Read the following statements

with reference to fertilizers :

1. Nitrogen is highly essential for rapid
growth of plants

2. Phosphate promotes early growth as well
as early maturity of plants

3. Potassium develops a healthy root system

Which of the statement(s) is/are correct?

(A)land 2 (B)1,2and 3

(O land3 (D) 1 only

Rodenticides (Rat killers) are

(A) Mixture of copper sulphate and calcium
hydroxide

(B) DDT and Zinc phosphate

(C) Zinc phosphate and Arsenic

(D) Malathion and Zinc phosphate

The blue colour in Borax test
is due to the presence of

(A) Iron (B) Nickel
(C) Cobalt (D) Zinc
One among the following

is not an insecticide

(A) Methoxyethlor (B) Pheromone
(C) Heptachlor (D) Gammaxene
Which one of the organic pesticides

that contain phosphorous?

(A) DDT (B) BHC
©)2,4-D (D) Parathion
Which of the following statement is

not correct about a good fertilizer?

(A) The fertilizer should not make the soil
acidic

(B) It should not be harmful to the growth
of plants

(©) It should be cheap

(D) It should be insoluble in water

ANSWERS
1 2 3 4 S) 6 7 8 9 10 | 11 12
C A D D A A B C B D




4.1 HYDROCARBON

Hydrocarbons are the organic compounds
consisting of hydrogen and carbon atoms.

They are combustible and produce large
amount of heat energy along with carbon
dioxide and water vapour, on burning. Hence,
many hydrocarbons are used as fuels.

4.1.1 Properties of Hydrocarbons

Among all the chemical compounds
hydrocarbons have some unique properties.

Some of them are given below.

1. Most of the hydrocarbons are insoluble in
water.

2. Hydrocarbons are less dense than water. So
they float on top of water.

3. Most hydrocarbons react with oxygen to
produce carbon dioxide and water.

4. Hydrocarbons can be gases (e.g. methane
and propane), liquids (e.g. hexane and
benzene) or waxes (paraffin).

5. Hydrocarbons are capable of making bonds
with one another. Th is property is known
as catenation. Due to this property they
form more number of complex molecules.

4.1.2 Types of Hydrocarbons

The four general classes of hydrocarbons are:
alkanes, alkenes, alkynes and arenes. Some
of the common hydrocarbons are methane,
ethane, propane, butane and pentane.
Methane is the simplest hydrocarbon in which
four hydrogen atoms are linked with one
carbon atom. It is a colourless, odourless and
inflammable gas.

Chapter 4

Petroleum Products

It is an eco-friendly fuel because it does not
produce any harmful products. It is used as a
fuel in electricity generation.

Methane is also known as marsh gas as it is
present in marshes. Dead and decaying plants
and animals release methane gas.

It is a renewable source of energy. Sewage
sludge can also be decomposed by
microorganisms to produce methane gas
along with impurities like carbondioxide and
hydrogen sulphide.

After removing these impurities, methane gas
can be used as an efficient fuel.

Propane is an odourless and highly
inflammable gas. It is heavier than air. It
is liquefied through pressurisation and
commonly used as LPG (Liquefied Petroleum
Gas) along with butane.

Propane is used as fuel in heating, cooking,
and vehicles. Propane can also be used as
refrigerants.

Butane is a gas at room temperature and
atmospheric pressure. They are highly
flammable, colorless gases that quickly
vaporize at room temperature. Butane is used
as a fuel gas and propellant in aerosol sprays
such as deodorants.

Pure forms of butane can be used as
refrigerants. Butane is also used as lighter fuel
for acommon lighter or butane torch. Pentanes
are liquids with low boiling point.

* They are used as fuels and solvents in the

laboratory. They are also used to produce
polystyrene.
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Name Methane Ethane Propane Butane Pentane
Formula CH, C,H, C.H, CH,, CH,,
LI HHI | HHH HHIHIHI HHHHH
Structure G HCCH | HCCCH | 4C-CC-Ck | -C-CCCC-
H HH HHH HHHH HHHHH
4.2 NATURAL GAS * It is used to manufacture chemicals, fabrics,
= Natural gas is a naturally occurring glass, steel, plastics and paints.

hydrocarbon gas mixture consisting primarily
of methane along with other higher alkanes
and a small percentage of carbon dioxide,
nitrogen and hydrogen sulphide (H2S).

= If the natural gas contains lower hydrocarbons
like methane and ethane, it is called dry gas. If
higher hydrocarbons like propane and butane
are also present in the gas, it is called wet gas.

= Natural gas is a fossil fuel used as a source
of energy for heating, cooking and electricity
generation. Natural gas occurs in Tripura,
Rajasthan,Maharashtra, ~Andhra Pradesh
(Krishna, Godavari Basins) and Tamil Nadu
(Cauveri Delta).

= It is also formed by the decomposition of
organic matter in marshy areas and waste
sewages. The natural gas formed by this
way contains mainly methane.

4.2.1 Uses of Natural Gas

* Natural gas is used as an industrial and
domestic fuel.

= Itis used in thermal power stations.

= It is used as fuel in vehicles as an alternative
for petrol and diesel.

* When heated it decomposes and forms
hydrogen and carbon. Hydrogen thus formed
is used in the manufacture of fertilizers.

= Itis also used in electricity generation.

4.2.2 Advantages of Natural Gas

* It produces lot of heat as it is easily burnt.

= It does not leave any residue.

* It burns without smoke and so causes no
pollution.

* This can be easily supplied through pipes.

= It can be directly used as fuel in homes and
industries.

4.2.3 Compressed Natural Gas

* When the natural gas is compressed at high
pressure, it is called Compressed Natural
Gas (CNG). Nowadays it is used as fuel in
automobiles.

= The primary hydrocarbon present in CNG is
methane (88.5%). Natural gas is liquefied for
shipping in large tankers.

= This is called Liquefied Nitrogen Gas (LNG).
CNG is stored at high pressure whereas LNG
is stored in ultra cold liquid form.

* CNG has the following properties.

1. Itis the cheapest and cleanest fuel.

2. Vehicles using this gas produce less carbon
dioxide and hydrocarbon emission.

3. Itis less expensive than petrol and diesel.

= Producer gas is known by different names in different countries. It is referred as Wood gas in

USA and as Suction gas in UK.

= It is also known as Black Diamond owing to its precious nature. On destructive distillation,
1000 kg of coal gives 700 kg of coke, 100 litres of ammonia, 50 litres of coal tar and 400 m3 of

coal gas.

= The first oil well in the world was drilled in Pennsylvania, USA in 1859. The second oil well

was drilled in Makum, Assam, India in 1867.
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The Average Composition of CNG

Constituents Percentage
Methane 88.5
Ethane 55
Propane 3.7
Butane 1.8
Pentane 0.5

4.3 FUEL GASES
4.3.1 Producer Gas

= Producer gas is a gaseous mixture of carbon
monoxide and nitrogen. It is produced by
passing air mixed with steam, over red hot
coke at a temperature of 1100 °C.

= Itis used as an industrial fuel for iron and steel
manufacturing.

4.3.2 Coal Gas

= Itis a mixture of gases like hydrogen, methane
and carbon monoxide obtained by the
destructive distillation of coal.

* Heating coal in the absence of air is called
destructive distillation.

= It is used in heating open hearth furnace in
the manufacture of steel. It is also used as
a reducing agent in certain metallurgical
operations.

4.3.3 Water Gas

= It is a gaseous mixture of carbon monoxide
and hydrogen. It is made by passing steam
over incandescent coke at a temperature of
1000°C.

C,+HO Y- CO_  +H
® 27 () ® 2(8)
= It is also called as syngas or synthesis gas as

it is used to synthesize methanol and simple
hydrocarbons. It is used as an industrial fuel also.

4.3.4 Bio Gas

* Bio-gas is a mixture of methane and carbon
dioxide. It is produced by the decomposition
of plant and animal waste which form the
organic matter.

= The breaking down of organic matter in
anaerobic condition (ie., in the absence of
oxygen) leads to the formation of biogas.

= It is an example for renewable source of
energy.

Coal and its Types

* Coal is one of the fossil fuels. It is a mixture
of free carbon and compounds of carbon
containing hydrogen, oxygen, nitrogen and
sulphur.

= Three hundred million years ago, some plants
grew into giant ferns and mosses.

= These plants got buried into the bottom of the
soil. They slowly started to decompose and
formed a dense, sponge like material called
peat.

= Over time peat was compressed due to high
temperature and pressure and coal was
formed. As coal contains mainly carbon, the
slow process of conversion of dead vegetation
into coal is called carbonization.

Exiraction of Coal
= Coal is extracted from the coal beds found
below the surface of the earth.

* Coal found inside the earth is broken into
pieces by explosives and brought above.

* Depending on the depth of the coal bed, coal is
extracted in two ways.

Surface Mining

= If the coal beds lie within 22 feet of the earth’s
surface, the top soil is removed and coal is dug
out. This is called surface mining.

* Moderate temperature and humidity is needed to keep paintings and other ancient artifacts
from being destroyed by environmental factors. Thus natural gas is used in museums to

protect the monuments.

= Propane is used in LPG cylinders. Since it is an odouress gas, any leakage cannot be detected.
Hence, a chemical by name Mercaptan is mixed with LPG to help in detection of any leakage

of LPG.



150 | Chemistry

Underground Mining
= In some places, coal beds are found very deep
inside the earth.

= In that case underground tunnels are made to
get this coal.

* This is called underground mining or deep
mining,.
Underground Mining of Coal

= Coal reserves can be found in about 70
countries worldwide.

= Thelargestcoal reserves are available in United
State, Russian, China, Australia and India. The
US is the international leader in coal reserves,
with nearly 30% of the world’s supply.

= Coal mining was started in India in 1774. India
now ranks third among the coal producing
countries in the world.

= USA and China have two third of the world’s
coal reserve.

Types of Coal

= Coal is classified into four main categories
based on the amounts of carbon it contains
and the heat energy it can produce.

= They are lignite, sub bituminous, bituminous
and anthracite. Among these four types
anthracite is the most desirable one due to its
high heat content.

Lignite

= Lignite is a brown colored coal of lowest grade.
It has least content of carbon. The carbon
content of lignite is 25 - 35%.

= Lignite contains a high amount of water and
makes up almost half of our total coal reserves.
It is used for electricity generation.

* The other uses include generating synthetic
natural gas and producing fertilizer products.

Sub bituminous

* When lignite becomes darker and harder
over time sub-bituminous coal is formed. Sub
bituminous coal is a black and dull coal.

= It has higher heating value than lignite and
contains 35-44% carbon.

= Itis used primarily as fuel for electricity power
generation. This coal has lower sulfur content
than other types and burns cleaner.

Bituminous

= With more chemical and physical changes,
sub-bituminous coal is developed into
bituminous coal.

» Bituminous coal is dark and hard. It contains
45-86% carbon. It has high heating value. It is
used to generate electricity.

= Other important use of this coal is to provide
coke to iron and steel industries. By-products
of this coal can be converted into different
chemicals which are used to make paint,
nylon, and many other items.

Anthracite

= It is the highest grade coal. It is hard and dark
black in colour. It has a very light weight and
the highest heat content.

= Anthracite coal is very hard, deep black and
shiny.

* It contains 86-97% carbon and has a heating
value slightly higher than bituminous coal. It
burns longer with more heat and less dust.

Uses of Coal
= Coal is used to generate heat and electricity.

= It is used to make derivatives of silicon which
are used to make lubricants, water repellents,
resins, cosmetics, hair shampoos, and
toothpaste.

= Activated charcoal is used to make face packs
and cosmetics.

= Coal is used to make paper.
= Coal helps to create alumina refineries.

= Carbon fibre which is an extremely strong but
lightweight material is used in construction,
mountain bikes, and tennis rackets.

= Activated carbon, used in filters for water
and air purification and in kidney dialysis
machines is obtained from coal.

Producis obtained from Coal

= Coal when heated in the absence of air does
not burn but produces many by-products.
This process of heating coal in the absence of
air is called destructive distillation of coal.

= Thousands of different products have coal or
coal by-products as their components. Some
of them are soap, aspirins, solvents, dyes,
plastics, and fibres, such as rayon and nylon.
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* The main by products obtained during
destructive distillation are coke, coal tar,
ammonia and coal gas.

Destructive Distillation of Coal

= The destructive distillation of coal can be
carried out in the laboratories. The apparatus
Finely powdered coal is taken in a test tube
and heated.

= At a particular temperature coal breaks down
to produce coke, coal tar, ammonia and coal
gas.

* Coal tar is deposited at the bottom of the
second test tube and coal gas escapes out
through the side tube.

* The ammonia produced is absorbed in the
water, forming ammonium hydroxide. Finally
a black residue called coke is left in the first
tube.

Coke
* Coke contains 98% carbon. It is porous,
black and the purest form of coal.

= It is a good fuel and burns without smoke.
It is largely used as a reducing agent in the
extraction of metals from their ores.

= It is also used in making fuel gases like
producer gas and water gas which is a
mixture of carbon monoxide and hydrogen.

Coal Tar

= Coal tar is a mixture of different carbon
compounds.

= It is a thick, black liquid with unpleasant
smell. The fractional distillation of coal tar
gives many chemical substances like benzene,
toluene, phenol and aniline.

* They are used in the preparation of dyes,
explosives, paints, synthetics fibers, drugs,
and pesticides. Another product obtained
from coal tar is naphthalene balls which are
used to repel moth and other insects.

Coal Gas

= Coal gas also known as town gas is mainly a
mixture of gases like hydrogen, methane and
carbon monoxide.

= The gases present in coal gas are combustible
and hence, it is an excellent fuel. It has high
calorific value.

Ammonia
* The other by product obtained from coal is
ammonia.

= It is used for making fertilizers such
as ammonium sulphate, ammonium
superphosphate etc.

4.4 PETROLEUM

= The term ’‘petroleum’ is derived from the
latin words ‘petra’ meaning rock and ‘oleum’
meaning oil.

* It is a fossil fuel formed from the remains of
ancient marine organisms through death and
decay. Petroleum is a complex mixture of
hydrocarbons that occur in Earth in liquid,
gaseous, or solid form.

* The term petroleum commonly denotes
the liquid form, crude oil. But technically
petroleum also includes natural gas and
bitumen, a solid form.

* The natural gas and the crude oil constitute
the primary fossil fuels.

4.4.1 Occurrence of Petroleum

= The chief petroleum producing countries are
U.S.A, Kuwait, Iraq, Iran, Russia and Mexico.
In India, petroleum is found in Assam, Gujarat,
Maharashtra (Mumbai), Andhra Pradesh
(Godavari and Krishna basin) and Tamil Nadu
(Cauveri Basins). By drilling through the earth
the crude oil is pumped out from the well as a
black liquid.

4.4.2 Refining of Crude Petroleum

= The crude petroleum obtained from the well is
a dark colored viscous liquid which contains
many impurities such as water, solid particles
and gases like methane and ethane.

= To make it useful for different purposes, it
must be separated into various components.

* The process of separating petroleum into
useful by-products and removal of undesirable
impurities is called refining.

= The steps involved in this process are given
below.

Separation of Water: The crude oil obtained
from the oil wells will have salt water mixed
with it. As the first step the water is removed
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from the crude oil.

Removal of Sulphur Compounds: The crude
oil will have harmful sulphur compounds as
impurities. In this step these impurities are
removed.

4.4.3 Fractional Distillation

= Petroleum is a mixture of various constituents
such as petroleum gas, petrol, diesel, kerosene,
lubricating oil, paraffin wax, etc.

* The process of separation of various
constituents or fractions of petroleum is done
by fractional distillation in fractionating
columns.

= The process of heating a mixture of liquids
having different boiling points and then
separating them by cooling is called fractional
distillation.

= Crude petroleum is first heated to about 400°C
in a furnace. As the vapours of crude oil move
up the tower, the various fractions condense
according to their boiling point ranges.

* The various fractions of petroleum obtained
are tabulated below.

= Many useful substances are obtained from
petroleum and natural gas.

= These are termed ‘petrochemicals’. These are
used in the manufacture of detergents, fibres,
and other man-made plastics like polythene.

* Hydrogen gas obtained from natural gas, is
used in the production of fertilizers. Due to

its great commercial importance, petroleum is
also called ‘black gold'.

4.4.4 Uses of Petroleum

= Products obtained from crude oil have a
number of uses.

» Liquefied Petroleum Gas or LPG is used in
houses as well as in the industry.

* Diesel and petrol are used as fuels for vehicles.
It is also used to run electric generators.

* Petrol is used as a solvent for dry cleaning.

* Kerosene is used as a fuel for stoves and also
in jet planes.

* Lubricating oil reduces wear and tear and
corrosion of machines.

= Paraffin wax is used to make candles,
ointments, ink, crayons, etc.

= Bitumen or asphalt is mainly used to surface
roads.

4.5 FUEL

= Any substance that can produce heat and
energy on burning is called fuel.

= We use this heat for various purposes such
as cooking, heating and many industrial and
manufacturing purposes.

* Some of the fuels that we use in our daily life
are wood, coal, petrol, diesel and natural gas.

Types of Fuel
= Fuels are classified into different
according to their physical state.

types

* They are classified into solid, liquid and
gaseous fuels.

Solid Fuels

* Fuels like wood and coal are in solid state and
they are called solid fuels.

= This type of fuel was the first one to be used
by man. These fuels are easy to store and
transport.

= The production cost is also very low.

Liquid Fuels

= Most of the liquid fuels are derived from the
fossil remains of dead plants and animals
petroleum oil, coal tar and alcohol are some of
the liquid fuels.

* These fuels give more energy on burning and
burn without ash.

Gaseous Fuel
= Coal gas, oil gas, producer gas and hydrogen
are some of the gaseous fuels.

= These fuels can be easily transported through
pipes and they do not produce pollution.

4.5.1 Characteristics of Fuel

An ideal fuel should have the following
characteristics.
= It should be readily available

= It should be easily transportable
= It should be less expensive
* It should have high calorific value
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= It should produce large amount of heat

= It should not leave behind any undesirable
substances

4.5.2 Efficiency of Fuel

= Any fuel contains carbon as its main
constituent. During the combustion of fuel
carbon combines with oxygen and liberates
large amount of heat.

= It is expected that a fuel liberates maximum
amount of heat in the short time. The efficiency
of a fuel can be understood from the following
terms.

Specific Energy

* Specific energy is the amount of energy
produced by unit mass of a fuel. It is
defined as the energy per unit mass.

= It is used to measure the stored energy
in certain substances. Its unit is Jkg™.

Calorific Value

= It is the quantity of heat produced by the
complete combustion of fuel at constant
pressure and normal conditions.

= It is measured interms of 125kg™.
Octane Number

= Octane number denotes the amount of octane
present in petrol.

= The fuel having high octane number is called
as an ideal fuel.

Calorific value of Fuel

Cetane Number
= Cetane Number measures the ignition delay of
the fuel in diesel engine.

* When cetane number is higher the ignition

delay is shorter.

* The fuel with high cetane number is called as

the ideal fuel.

Difference between Octane number and

Cetane number

Octane Number

Cetane Number

Octane rating is used
for petrol

Cetane rating is used
for diesel

It measures the
amount of octane
present in petrol.

It measures the
ignition delay of the
fuel in diesel engine.

Octane number
of petrol can be

Cetane number
of diesel can be

octane number has
low cetane number

increased by adding | increased by adding
benzene or toluene. acetone.
The fuel with high The fuel with high

cetane number has
low octane number.

4.5.3 Alternative Fuel

* The natural resources in the world have been
used by man in a rapid way and so very soon
they will be exhausted.

* The traditional fuel that we use today including
petroleum are non renewable and they would
be depleted soon.
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It is estimated that coal will last for 148 years,
petroleum for 40 years and natural gas for 61
years. So we need to find alternative sources
of energy.

More over fossil fuels emit harmful gases like
carbon dioxide, carbon monoxide and sulfur
dioxide which pollute the atmosphere.

Burning fossil fuels also cause temperature
rise in the earth’s atmosphere.

Many believe that fuel which does not cause
pollution is needed to enhance the quality of
our environment. Some of the alternative fuels
are given below.

4.5 SOAP

Soaps are sodium or potassium salts of some
long chain carboxylic acids, called fatty acids.

Soap requires two major raw materials: i)
fat and ii) alkali. The alkali, most commonly
used in the preparation of soap is sodium
hydroxide.

Potassium hydroxide can also be used. A
potassium- based soap creates a more water-
soluble product than a sodium-based soap.
Based on these features, there are two types of
soaps:

1. Hard Soap: Soaps, which are prepared
by the saponification of oils or fats with
caustic soda (sodium hydroxide), are
known as hard soaps. They are usually
used for washing purposes.

2. Soft Soap: Soaps, which are prepared
by the saponification of oils or fats
with potassium salts, are known as soft
soaps. They are used for cleansing the
body.

4.6 DETERGENTS

Development of synthetic detergents is a big
achievement in the field of cleansing. These
soaps possess the desirable properties of
ordinary soaps and also can be used with hard
water and in acidic solutions.

These are salts of sulphonic acids or alkyl
hydrogen sulphates in comparison to soap,
which are salts of carboxylic acids.

= The detergents do not form precipitates with

Ca2+ and Mg2+ present in hard water. So, the
cleansing action of detergents is better than
that of soaps.

4.6.1 Preparation of Detergents
= Detergents are prepared by adding sulphuric

acid to the processed hydrocarbon obtained
from petroleum.

This chemical reaction result in the formation
of molecules similar to the fatty acid in soap.
Then, an alkali is added to the mixture to
produce the ‘surfactant molecules’, which do
not bond with the minerals present in the hard
water, thus preventing the formation of their
precipitates.

In addition to a ‘surfactant’, the modern
detergent contains several other ingredients.
They are listed as follows:

1. Sodium silicate, which prevents the
corrosion and ensures that the detergent
does not damage the washing machine.

2. Fluorescent whitening agents that give a
glow to the clothes.

3. Oxygen bleaches, such as ’‘sodium
perborate’, enable the removal of certain
stains from the cloth.

4. Sodium sulphate is added to prevent the
caking of the detergent powder.

5. Enzymes are added to break down some
stains caused by biological substances like
blood and vegetable juice.

6. Certain chemicals that give out a pleasant
smell are also added to make the clothes
fragrant after they are washed with
detergents.

Points to Remember
* Methane is the simplest hydrocarbon in which

four hydrogen atoms are linked with one
carbon atom.

Natural gas is a naturally occurring
hydrocarbon gas mixture consisting primarily
of methane.

CNG s the cheapest and cleanest fuel. Vehicles
using this gas produce less carbon dioxide and
hydrocarbon emission. It is less expensive
than petrol and diesel.
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Glossary

Bio

Gas Mixture of the gases methane and carbo dioxide.

Calorific Value

The quantity of heat produced by the complete combustion of fuel at
constant pressure and normal conditions.

Catenation

The property of carbon atom to form bonds with itself resulting in a
single large structure or chain.

CNG

Compressed natural gas obtained at high pressure.

Destructive distillation

The process of heating coal in the absence of air.

Fractional distillation

The process of heating a mixture of liquids having different boiling
points and then separating them by cooling.

Hydrocarbons

Organic compounds consisting of hydrogen and carbon atoms.

LPG

Liquefied Petroleum Gas

Octane Number

The number which denotes the amount of octane present in petrol.

Water Gas

Gaseous mixture of carbon monoxide and hydrogen.

Producer gas is a gaseous mixture of carbon
monoxide and nitrogen.

Water is a gaseous mixture of carbon monoxide
and hydrogen. It is also called as syngas or
synthesis gas.

The term ’‘petroleum’ is derived from the
latin words “petra’” meaning rock and ‘oleum’
meaning oil.

Any substance that can produce heat and
energy on burning is called fuel.

Specific energy is defined as the energy per
unit mass. It is used to measure the stored
energy in certain substances. Its unit is Jkg-1.
Cetane number measures the ignition delay of
the fuel in diesel engine.

Solar energy is the energy derived from the
sun in the form of solar radiation.
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PART B

1. ROLE OF SCIENCE AND TECHNOLOGY IN SOCIO-ECONOMIC DEVELOPMENT OF
INDIA

1.

Indiaranks third among the mostattractive investment destinations for technology transactions
in the world. Modern India has had a strong focus on science and technology, realizing that it
is a key element for economic growth.

In India, science and technology have been given importance in nation-building since
independence with the establishment of institutes like DRDO, IITs, CSIR labs and the
establishment of the Department of Science and Technology (DST)

Agriculture:

1.

Advances in science and technology have facilitated higher yields, greater efficiency and
greater nutritional content.

Green Revolution: High Yield Variety (HYV) of seeds, increased use of fertilizers and irrigation)
resulting in a significant spike in production, food security and reduced import of food grains.
From 1980s onwards, India transitioned from achieving food security to surplus production
with the aid of modern technologies

Emerging technologies: To double the income of the farmers by 2022 by making agriculture
resilient, sustainable and profitable

1.

Artificial Intelligence (AI) systems: Al technology helps in detecting disease in plants, pests
and poor nutrition of farms. Accurate Al forecasts and analytical tools help farmers better
plan their farming habits and help them avoid losses and helping them better their yields.
Kisan Drones: The use of Kisan Drones promoting Crop assessment, Digitization of land
records and spraying of insecticides and nutrients.

Smart Farm Machinery: Smart machines and technological breakthroughs have the potential
to increase output, lower costs and boost farm incomes.

Micro Irrigation: With agriculture consuming about 80 per cent of the total renewable water
resources, the adoption of micro-irrigation practices will help conserve our precious water
reserves and also boost yields and productivity.

Precision Farming: An approach to farm management that uses information technology to
access real-time data about crops, soil, weather etc. to ensure crops and soil receive exactly
what they need for optimum health and productivity. Ex: Uzhavan app, Kisan Suvidha app
Digitization in agriculture: Launch of e-NAM initiative to provide farmers with transparent
and competitive online trading platform.

Education: The Government has set up Krishi Vigyan Kendras and Agricultural Technology
Management Agencies at district level for dissemination of technologies among farm
community.

Satellites: The Government is using satellite based estimates for land and forest mapping
and monitoring, mapping of resources like water or minerals or fishes, weather and climate
observations, soil assessment, and geospatial contour mapping. Ex: Cartosat, Resourcesat
Solar pumps that lift well water to feed drip systems helps in maintaining zero carbon
footprint and low-maintenance photovoltaic technology.
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Health Sector:

1.

Advances in scientific knowledge and its application have helped slow the trend of high
fertility (TFR -5.2 in 1971 to 2.3 in 2016), high mortality and led to increasingly better health
for people in India.

The life expectancy of an average Indian was 33 years in 1951 which increased to 69.66 years
in 2019.

Stronger primary health infrastructure is essential to achieving the health-related Sustainable
Development Goals (SDG3) and universal health coverage.

Emerging trends:

1.

Robots: Using robots in Surgery. Hospitals can use robots to deliver medicines and food to

COVID-19 patients to reduce infection rate

Blockchain technology:

i. The health blockchain would contain a complete indexed history of all medical data, formal
medical records and health data from mobile applications & wearable sensors.

ii. Itallows for storing of data in a secured and authenticated network. Thereby, it will prevent
erosion of Individuals’ privacy and ensure data security.

Al and the Internet of Medical Things: India’s doctor patient ratio- 1:1511 against WHO

norm of 1:1000. Al helps in reducing the needs. It can be used for diagnostic purposes for

various diseases, including COVID-19, and could prove very effective in remote areas where
adequate health facilities are not available.

Cloud computing facilitating collaboration and data exchanges between doctors, departments,

and even institutions and medical providers to enable best treatment.

Telemedicine: Providing healthcare service to remotest area in India. Ex: Through e-Sanjeevani

scheme telemedicine service is provided to around 75,000 patients every day.

3D printing

i. Making Hearing aids

ii. Organ printing (Ex: Titanium pelvic)

iii. Prosthetics: 3D printing is being used to make surrogate body parts

iv. Making Artificial organ

E- Commerce platforms: Easy distribution of healthcare products

Domestic manufacture of medical devices under Make in India helping lower the prices

patients pay for products such as stents and implants.

Covid - 19:

i. Government of India have the ability to identify potential hotspots, informing the people
of their potential risk of COVID-19 infection and the best practices to be followed to stay
healthy and providing them relevant and curated medical advisories through Aarogya
Setu app.

ii. Co-WIN Platform: India’s nation-wide COVID vaccination drive is supported with a strong
technology backup provided by Co-WIN digital platform. All the COVID vaccinations are
recorded in this digital platform.

Education:

i. One of the core principles guiding the education system would be the extensive use of
technology in teaching and learning, removing language barriers, increasing access, and
education planning and management.

ii. With the internet penetration rate estimated to reach above 55 per cent by the end of 2025
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in India, digitization of education is the future of education. National Education Policy
(NEP) emphasizes digitization besides the use of technology in education.

Major initiatives:

1.

The digitally empowered classrooms have made education available to everyone, anytime,

any subject and anywhere

The education using modern technology like Augmented Reality, Virtual Reality and Artificial

Intelligence has made learning more collaborative and enhances digital competency.

e-learning portals, digital library

i. Furthering education, particularly in the rural areas Ex: SWAYAM

ii. Bridging the digital divide; Allows teachers to stay equipped with advanced digital
technology, Ex: DIKSHA portal

Indian ed-tech ecosystem has a lot of potential for innovation. With over 4,500 start-ups and

a current valuation of around $700 million, the market is geared for exponential growth —

estimates project an astounding market size of $30 billion in the next 10 years.

Industry

1.

In India the government has consistently tried to use modern science and technology for
industrial development.

Two government organizations, Council for Scientific and Industrial Research (CSIR) and
Defence Research and Development Orgnisation (DRDO) cover between them a wide range
of science and technology research for civil and defence purposes.

A large number of items have emerged from CSIR laboratories for industrial production, such
as, indigenous agricultural machinery, chemicals, drugs and pesticides, products in the areas
of food technology, furnished leather goods, glass and ceramics, etc.

In the area of defence, India’s own technological capability has increased considerably. Ex:
Through Integrated Guided-Missile Development Programme, Indian defence forces become
self-sufficient in the field of missile technology which ensures national security.

India has a robust ecosystem which has potential to use emerging technologies like Artificial
Intelligence (Al), Machine Learning (ML), Internet of Things (IoT), Block chain, Big Data, and
it can catapult India’s development to new heights by creating millions of new opportunities
of employment

Al has the potential to add USD 957 billion or 15% of the current gross value added to India’s
economy by 2035.

Renewable Energy

1.

Renewable energy sources are the answer to India’s energy demands which are growing and
are expected to grow exponentially in the future. Through the “Make in India” initiative,
Renewable energy is responsible for sustainable jobs resulting in a boon for the youth of India.
Suitably priced, stable and sustainable energy supply, is essential for rapid growth of the
economy.

Economics: India remains an attractive market for energy companies with energy demand
expected to more than double by 2040.

International collaboration: India has made contribution to the world’s largest nuclear fusion
reactor developed in France. As per Foreign Direct Investment (FDI) data cell, DPIIT, the
Indian “Non-Conventional Energy’ sector received FDI of US$ 797.21 million during 2020-21.
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5.

Manufacturing: The presence of industries - like steel or automotive production (for wind
turbines), semi-conductors (for solar photovoltaic), or glass making (for concentrated solar
power) - facilitates the development of local renewable energy manufacturing and domestic
job supply.

Health: Introduction of renewable power has the ability to significantly improve healthcare
delivery to poor, rural communities. It has significant impact on reduction of pollution and
greenhouse gas emissions.

Transport:

1.

The Indian transport industry is carved by radical transformations through major disruptive
technologies based on Intelligent transport systems driven by Industry 4.0, data analytics, lIoT,
and artificial intelligence from hyperloop to autonomous and remotely piloted vehicles.

The current transportation sector will also witness an overhaul in its pursuit of cleaner energy
and greener low carbon energy fuel with electric-mobility, biofuel driven, and Hydrogen-
powered vehicles taking a lead.

As a pioneer of the International Solar Alliance, India looks to leverage solar energy for
transport. This would enable India to fulfill its commitment of cutting GHG emissions
intensity by 33% to 35% percent below 2005 levels by 2030 and acting as an enabler of energy
security by reducing dependence on imports.

The Government has set a target of electric vehicles making up 30% of new sales of cars and
two-wheelers by 2030.

Space Exploration:

1.

Indian National Committee for Space Research (INCOSPAR) was set up by the Government
of India in 1962 with the visionary Dr Vikram Sarabhai’s ideas

2. Indian Space Research Organization, formed in 1969, superseded the erstwhile INCOSPAR.

Throughout the years, ISRO has upheld its mission of bringing space to the service of the
common man, to the service of the Nation. In the process, it has become one of the six largest
space agencies in the world.

The programmes/missions by ISRO for the socio-economic development of the coun-
try include

1.

Earth Observation programme consisting of state-of-the-art remote sensing satellites for
natural resources inventory and management (like agriculture, land and water resources,
fisheries), near real time disaster management support, weather forecasting, smart governance
Ex: Cartosat, Oceansat

Satellite Communication programmes for telecommunication, television broadcasting, Direct-
to-Home services, search and rescue, tele-education, telemedicine. Ex: INSAT and GSAT
Satellite Navigation programme for location based services. Ex: NaVIC, GAGAN. Space
technology will enable e-Education, integrated healthcare schemes and connectivity to
community activities for sustainable economic development.

Space technology will lead to employment generation, higher literacy, availability of clean
energy and wealth generation for the welfare of the society with improved quality of life.
Space Science and Planetary Research systems: ISRO is actively supporting novel research
projects in the fields of atmospheric science, astronomy and planetary exploration. Ex: MOM,
Aditya L1

Economic empowerment: The country has achieved self-reliance in space transportation
capability through the operationalisation of PSLV and GSLV for launching different satellites
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for earth observation, communication, navigation and space exploration. It promotes
unprecedented international collaboration
7. Space Commerce

i. Antrix Corporation Limited (ANTRIX) is the marketing arm of ISRO. It markets space
products and services from ISRO and other Indian Space industries to domestic and
international customers.

ii. New Space India Limited (NSIL) got incorporated on March 6, 2019. The business activities
under NSIL are launch services, PSLV production through industry, SATCOM services,
mission support services, technology transfer/spin-off, etc

Disaster Management: India is prone to many natural disasters like floods, landslides, cyclones,
forest fires, earthquakes, drought, etc. Improved warning systems have greatly helped reducing
loss of lives and property.

Satellite data is helpful in
i. Identifying the oil spill extent, River Blockades and damages due to earthquakes using
Remote sensing satellites.
ii. Hazard zonation mapping using GIS; Near real time analysis of disasters; Better planning
and management of disasters

Internet : Provides a useful platform for disaster mitigation communications; Option for the
rapid, automatic, and global dissemination of disaster information; Actas effective communication
mechanism.

Warning and forecasting system

1. An advance system of forecasting, monitoring and issuing early warnings plays the most
significant role in determining the occurrence of a natural hazard

2. Examples are Area Cyclone Warning Centers (ACWCs), Seismological observations and
Flood forecasts and warnings

Banking: In 2020, India has overtaken China as Asia’s top financial technology market. In India,
mobile payments exceeded ATM cash withdrawals for the first time in 2020 itself.

Role of Technology in Banking:

1. Digital transactions connecting people worldwide and make payment easier using Biometric
data

2. Block chain technology that maintains records on a network of computers, but has no central
ledger helps in e-governance and improving transparency

3. Smart contracts, which utilize computer programs to automatically execute contracts between
buyers and sellers.

4. Open banking, a concept that leans on the block chain and posits that third-parties should
have access to bank data to build applications that create a connected network of financial
institutions and third-party providers, Ex: Digital payment in Uber

5. Digital lending without any physical presence through PSBloansin59 minutes.com
Big data and machine learning techniques facilitate better customer services, credit and loan
services and may help to reduce human biases against discriminated groups
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A. SPACE

2. BLACK HOLE

1.

A black hole is a place in space where gravity pulls so much that even light cannot get out. The

gravity is so strong because matter has been squeezed into a tiny space.

Black holes are end stage of stars which are highly dense massive object. Its mass ranges from

20 times mass of the sun to 1 million times mass of the sun. It has very strong gravitational

force such that no particle or even light can escape from it. The existence of black holes is

studied when the stars orbiting the black hole behave differently from the other stars. Every
galaxy has black hole at its center. Sagittarius A is the black hole at the center of the Milky

Way galaxy.

This can happen when a big star is dying (our sun will never turn into a black hole as it is not

big enough to make a black hole). Because no light can get out, so they are invisible.

In the center of a black hole is a gravitational singularity, a one-dimensional point which

contains a huge mass in an infinitely small space, where density and gravity become infinite

and space-time curves infinitely, and the laws of physics as we know them cease to operate.

In 2019 scientists got the first optical image of a black hole through Event Horizon Telescope.

It has captured the just outside region of a black hole, located 55 million light-years from

Earth, at the center of a galaxy named Messier 87.

The image shows a photon (light quantum) can orbit the black hole without falling in. This is

called the ‘last photon ring’.

Significance of black hole in space research:

i. Evolution of galaxy: Astrophysicists have gained new insights by calculating how black
holes influence the distribution of dark matter, how heavy elements are produced and
distributed throughout the cosmos, and where magnetic fields originate.

ii. Star formation: In particular, Supermassive black holes play an important role in star
formation within galaxies.

iii. Gravitational waves: Black holes are the strongest source of gravitational waves. Scientists
have detected that gravitational waves are generated when two black holes collide, and
found that ringing pattern of the wave predicts the cosmic body’s mass and spin.

iv. General theory of relativity: The discovery of black hole has opened the door to several
new lines of scientific investigation, enabling quantitative estimates of black hole related
parameters. It has provided another laboratory to test the predictions of the Einstein’s
general theory of relativity.

v. Bending of light: The bending of light around a black hole is very significant because of
its extremely large mass. Because of this bending, one can see light from material that is
behind the black hole, which would not be seen if light were traveling in straight lines.



Cutegories of Black Hole

Stellar Supermassive

Formed by the gra\rnmhnql Tha mgosf type of black hole,
collapse of a stan : Dmlng a mass of the order of
ranging from obcu‘fsfom reé& of thousands, to billions
tens of 5 solar masses, f fimes, the mass of the sun,
Intermediate-mass m‘:‘

Mass in range 1072 ' imately 148 fm, Hypothetical

solor masses; significal tiny bllek, holes, for which quantum
LY more than stellar black holes mechanieal efforts play an important
but less than 1075- 109 sclaf role. The concept that black holes
mass  supermaossive  black may exist that are smaller than stellar

hales. moss woas Introduced in 1971 by
famous  astrophysicist  Stephen
Hawking.

3. LASER INTERFEROMETER GRAVITATIONAL - WAVE OBSERVATORY (LIGO) PROJECT:

1.

LIGO was designed for direct detection of gravitational waves predicted by Einstein’s General
Theory of Relativity. This project will be collaboration between Ligo-USA, India, Germany,
Australia and U.K. LIGO project operates 3 gravitation wave detectors.

LIGO-India is a planned Gravitational-Wave Observatory located in Maharashtra, India as
part of the worldwide network. Project will be built by Department of Atomic Energy (DAE)
and Department of Science and Technology (DST).

Three lead institutions in the LIGO-India consortium: Institute of Plasma Research, Gandhi
Nagar; IUCAA, Pune; and Raja Ramanna Centre for Advanced Technology, Indore.
Technology being developed includes design and fabrication of ultra-stable laser, quantum
measurement techniques, handling of complex control system for enforcing precision control,
large-scale ultra-high vacuum technology, data analysis and machine learning.

LIGO use laser interferometry to measure the minute ripples in space-time caused by passing
gravitational waves from cataclysmic cosmic events such as colliding neutron stars or black
holes, or by supernovae.

LIGO is blind: Unlike optical or radio telescopes, LIGO does not see electromagnetic radiation
(e.g., visible light, radio waves, micro waves) as gravitational waves are not part of the
electromagnetic spectrum.

LIGO isn’t round and can’t point to specific locations in space. Since LIGO doesn’t need to
collect light from stars, it doesn’t need to be round or disk-shaped.

Significance:

1.

The project will bring unprecedented opportunities for scientists and engineers to dig deeper
into the realm of gravitational wave and take global leadership in this new astronomical
frontier.

The LIGO-India project will also bring considerable opportunities in cutting-edge technology
for the Indian industry which will be engaged in the construction of the eight-km long beam
tube at ultra-high vacuum on a levelled terrain.

With its establishment, India will join the global network of gravitational wave detectors.
Establishing an observatory in India also assumes importance because the further the distance
between the observatories, the greater will be the accuracy in locating gravity waves.
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4. GRAPES-3 (GAMMA RAY ASTRONOMY PEV ENERGIES PHASE-3)

1.

The GRAPES-3 is a special Telescope Array located at Ooty in India started as a collaboration
of the Tata Institute of Fundamental Research, Mumbai, India and the Osaka City University,
Osaka, Japan.

Embedded within an array of plastic scintillator detectors that together constitute GRAPES-3,

the experiment is designed to study muons produced by cosmic rays from outer space.

Muons and its Detection:

i. Muons and other particles are produced when cosmic rays bombard air particles
surrounding the earth.

ii. The muons produced can have positive or negative charge.

iii. When a positively charged muon falls through a cloud, it loses energy.

iv. If its energy falls below 1 giga electron volt (GeV), which is the threshold of detection of the
GRAPES-3 muon telescope, it goes undetected.

v. On the contrary, a negatively charged muon gains energy when falling through the cloud
and gets detected.

vi. Since there are more positive than negative muons produced in nature, the two effects
don’t cancel out, and a net change in intensity is detected.

It aims to probe acceleration of cosmic rays in the following four astrophysical settings. These

include acceleration of particles to:

i. ~100 MeV in atmospheric electric fields through muons

ii. ~10 GeV in Solar system through muons

iii. ~1 PeV in our galaxy through nuclear composition of cosmic rays

iv. ~100 EeV in nearby universe through measurement of diffuse y-ray flux.

The technique of muon imaging developed by GRAPES-3 collaboration showed that huge

voltages develop in supercharged thunderclouds.

Recent development:

i. At1.3 gigavolts (GV), this cloud had 10 times higher potential than the previous record in a
cloud. This is not because clouds with such high potentials are a rarity, but rather, because
the methods of detection have not been successful so far.

ii. Learning about the properties of thunderclouds can be useful in navigation of aircraft and
preventing short circuits.

B. COMPUTER AND IT ADVANCEMENT

5. SUPERCOMPUTER:

i. A supercomputer is a computer that performs at or near the currently highest operational
rate for computers. Generally, PETAFLOP is a measure of a Supercomputer’s processing
speed and can be expressed as a thousand trillion floating point operations per second.

ii. Petaflop is a unit of computing speed equal to 1000 TFLOPS (10"15).

iii. FLOPS (floating point operations per second) are typically used to measure the performance
of a computer’s processor. Using floating-point encoding, extremely long numbers can be
handled relatively easily.

iv. Supercomputers are primarily designed to be used in enterprises and organizations
that require massive computing power. For example: weather forecasting, scientific
research, intelligence gathering and analysis, data mining etc.
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v. India’s first supercomputer was PARAM 8000. PARAM Shivay, the first supercomputer
assembled indigenously, was installed in IIT (BHU).

vi. ‘Param Pravega’: It has a supercomputing capacity of 3.3 petaflops (IISc Bengaluru).

vii. As of June 2021 there are 3 systems based in India on the TOP 500 supercomputer list:

Rank Name
89 PARAM Siddhi-Al
107 Pratyush (Cray XC40)
187 Mihir (Cray XC40)

6. CRYPTOCURRENCY:

i. Cryptocurrency, sometimes called crypto-currency or crypto, is any form of currency that
exists digitally or virtually and uses cryptography to secure transactions.

ii. Itis a digital currency, which is an alternative form of payment created using encryption
algorithms.

iii. Cryptocurrencies don’t have a central issuing or regulating authority, instead use a
decentralized system to record transactions and issue new units.

iv. Itis supported by a decentralized peer-to-peer network called the blockchain.

v. A blockchain is a distributed database or ledger that is shared among the nodes of a
computer network. As a database, a blockchain stores information electronically in digital
format.

vi. The first type of crypto currency was Bitcoin launched in 2009 by an individual or group
known by the pseudonym “Satoshi Nakamoto”.

Present Status in India

1.

Recently, the Reserve Bank of India (RBI) has proposed amendments to the Reserve Bank of
India Act, 1934, which would enable it to launch a Central Bank Digital Currency (CBDC),
thus enhancing the scope of the definition of “bank note’ to include currency in digital form.
In the Budget presented for 2022-23, Finance Minister had announced the introduction
of India’s Central Bank Digital Currency (CBDC) and that the digital rupee would give a “big
boost” to digital economy.

Advantages of Cryptocurrency:

1.

2.

3.

Privacy Protection: The use of pseudonyms conceals the identities, information and details of
the parties to the transaction - perquisites for privacy enthusiasts.

Cost-effectiveness: Cryptocurrencies eliminate third party clearinghouses or gateways,
cutting down the costs and time delay.

Alternative to Banking Systems and Fiat Currencies: Cryptocurrencies offer the user
a reliable and secure means of exchange of money outside the direct control of national or
private banking systems.

Fast and efficient: Fund transfer is easier and faster with crypto currencies as compared to
conventional.

Open Source Methodology and Public Participation: A majority of the cryptocurrencies
are based on open source methodology, their software source code is publicly available for
review, further development, enhancement, and scrutiny.

Immunity to Government-led Financial Retribution: Governments have the authority and
means to freeze or seize abank account, butitis infeasible to do so in the case of cryptocurrencies.
Counterfeiting: It is created by cryptography and uses blockchain technology and hence is

much harder to counterfeit than paper currency.
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Disadvantages of Cryptocurrency:

1.

A

The almost hidden nature of cryptocurrency transactions makes them easy to be the focus of
illegal activities such as money laundering, tax-evasion and possibly even terror-financing.
Security risks: Cyberattacks on wallets, exchange mechanism (Cryptojacking).

Payments are not irreversible

Cryptocurrencies are not accepted everywhere and have limited value elsewhere.

Price Volatility: Prone to price fluctuations & waste of computing power.

Lack of Consumer Protection: No Dispute Settlement Mechanisms and control of Securities
and Exchange Board of India (SEBI).

There is concern that crypto-currencies like Bitcoin are not rooted in any material goods.
Some research, however, has identified that the cost of producing a Bitcoin, which requires an
increasingly large amount of energy, is directly related to its market price.

7. ARTIFICIAL INTELLIGENCE:

i. Artificial Intelligence is intelligence exhibited by machines.

ii. It is a branch of computer science which deals with creating computers or machines as
intelligent as human beings.

iii. The term was coined in1956 by John McCarthy at the Dartmouth conference, Massachusetts
Institute of Technology.

iv. It is a simulation of human intelligence processes such as learning (the acquisition of
information and rules for using the information), reasoning (using the rules to reach
approximate or definite conclusions), and self-correction by machines, especially computer
systems.

v. Recently it has become widely popular and gained prominence due to its multifaceted
application ranging from healthcare to military devices.

The aim of artificial intelligence is to bring in human like behaviour in robots. It works

on:

Face recognition.

Providing response to player’s actions in computer games.

Taking decisions based on previous actions.

To regulate the traffic by analyzing the density of traffic on roads.

Translate words from one language to another.

Ll e

o

Applications of Artificial Intelligence (Al)

1.

Healthcare Sector: Machine learning is being used for faster, cheaper and more accurate
diagnosis and thus improving patient outcomes and reducing costs.

Business Sector: To take care of highly repetitive tasks Robotic process automation is applied
which perform faster and effortlessly than humans.

Education Sector: Al can make some of the educational processes automated such as grading,
rewarding marks etc. therefore giving educators more time.

Financial Sector: It can be applied to the personal finance applications and could collect
personal data and provide financial advice. In fact, today software trades more than humans
on the Wall Street.

Legal Sector: Automation can lead to faster resolution of already pending cases by reducing
the time taken while analysing cases thus better use of time and more efficient processes.
Manufacturingsector: Robots are being used for manufacturing since along timenow; however,
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more advanced exponential technologies have emerged such as additive manufacturing (3D
Printing) which with the help of Al can revolutionize the entire manufacturing supply chain
ecosystem.

7. Intelligent Robots: Robots can perform the tasks given by a human because of sensors to
detect physical data from the real world such as light, heat, temperature, movement, sound,
bump, and pressure.

8. Speech Recognition: There are intelligent systems that are capable of hearing and grasping
the language in terms of sentences and their meanings while human talks to it. It can handle
different accents, slang words, noise in the background, change in human’s noise due to cold,
etc.

9. Cyber Security: In the 20th conference on e-governance in India it was discussed that Al can
provide more teeth to cyber security and must be explored.

Downsides and Risks of Artificial Intelligence (Al):

1. The decrease in demand for human labour due to machines and intelligent robots taking over
the jobs in the manufacturing and the services sectors. For Example: In china some customs
officers are now robots, In japan robots as housemaid is emerging trend.

2. Al technologies falling into terrorist hands may unleash modern terror network including
machine and therefore vulnerability of humans may magnify.

3. It may lead to moral degradation in society due to decreased human to human interactions.

Challenges:

1. Al-based applications are mostly driven largely by the private sector and have been focused
largely on consumer goods.

2. Our educational system is not updated to the modern technologies and is outdated in today’s
economic environment as the nature of jobs shifts rapidly and skills become valuable and
obsolete in a matter of years.

3. The debate of poverty vs. technology and where to spend the most is more likely to persist
until the political class takes a higher interest in real issues than trivial ones.

8. 5G TECHNOLOGY

i. 5G is the next generation of mobile broadband that will eventually replace, or augment
4G LTE connection. It operates at higher frequencies to offer a new kind of network that
is designed to connect virtually everyone and everything together including machines,
objects, and devices.

ii. 5G services were launched in India by the Prime Minister on 1% October 2022.

iii. It will also have an enhanced throughput to handle more simultaneous connections at a
time than current-generation networks.

Features of 5G Technology:

1. Millimeter wave spectrum: The 5G networks will operate in the millimeter wave spectrum (30-
300 GHz) which has the advantage of sending large amounts of data at very high speeds
because the frequency is so high, it experiences little interference from surrounding signals.

2. Upgraded LTE: 5G is the latest upgrade in the long-term evolution (LTE) mobile broadband
networks.

3. Bands in 5G: 5G mainly work in 3 bands, namely low, mid and high frequency spectrum — all
of which have their own uses as well as limitations.
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i. Low band: High coverage and speed of internet and data exchange, the maximum speed is
limited to 100 Mbps (Megabits per second). But it May not be optimal for specialized needs
of the industry

ii. Mid-band: Higher speeds compared to the low band. It is used for building captive
networks.

iii. High-band: Offers the highest speed (as high as 20 Gbps) of all the three bands. But it has
extremely limited coverage and signal penetration strength.

Advantages

1.
2.
3.

® NS0

Faster Data Speed.

Ultra-low latency - 5G will transfer data in 1 millisecond unlike 50 milliseconds by 4G.
Economic stimulus - it will create USD 1 2 . 3 trillion of global economic output by 2035,
increasing GDP and digitizing the economy.

5G is expected to offer enhanced mobile broadband that can meet high coverage requirements.
5G can diversify services and has potential to demonstrate spectral efficiency.

It will help cloud systems to stream software updates, music, and navigation data.

5G will help to incorporate Artificial Intelligence (Al) in our daily lives.

It will also facilitate the ecosystem for the Internet of Things (IoT).

Challenges to 5G evolution in India

S o e

Lack of infrastructure- Inadequate optical fibre infrastructure, interrupted power supply
High base price for auction

Telecom issues- low average revenue per user, lack of skillset

Consumer constraint- Network coverage issue, handset availability, data privacy etc.
Technological challenges - High import dependency on complete 5G supply chain etc.

Other challenges like Critical infrastructure, national security issue from Chinese vendors like
ZTE, Huawei etc.

Applications of 5G

1.
2.

Industrial revolution 4.0 - 5G could be a critical enabler of the fourth industrial revolution.
Smart Cities - Developing competitiveness with other nations in service delivery standards
etc.

Autonomous Vehicles - This is responsible for the vehicle to act automatically regarding the
positioning of objects around the vehicle (eg: Self-driving cars)

Support for Artificial Intelligence and Robotics - Industries has to apply artificial intelligence
to these immense amounts of data, and 5G can really trigger the process.

Virtual Reality & Augmented Reality - virtual reality and augmented reality have turned
into the latest sensation of the technology industry. And, it will benefit from the advent of 5G
technology.

5G-powered drone services: drones are space-centric, and if they are out of range, they can
be hard to maintain. But, with 5G, you can see beyond your vision and control the drone’s
movement.

Mobile Services Resembling Broadband Perspectives

Enhanced Mobile Broadband (eMBB), massive Machine-Type Communication (mMTC), and
Ultra-Reliable Low Latency Communications.



|13

9. METAVERSE

1.

The word “metaverse’ is a combination of two words - “meta” which is of Greek origin means

“beyond” and “verse” comes from the word “universe”. The very idea points towards a place

that is beyond the known world or universe.

The term “metaverse’” was first mentioned in the 1992 science fiction novel ‘Snow Crash’

by Neal Stephenson.

A Metaverse is a form of “extended reality”. This “extended reality” may be a

combination of Augmented, virtual and mixed reality. Three key aspects of a

metaverse: Presence, Interoperability, Standardization.

It is a network of always-on virtual environments in which many people can interact with

one another and digital objects through virtual representations of themselves.

Features of Metaverse:

i.  Metaverse will include elements from both physical and virtual worlds.

ii. ~ The metaverse will be decentralized (just like the internet).

ili. There will be many companies and individuals that will operate their own spaces within
the virtual world.

iv. Metaverse will introduce digital elements in the real world.

v.  Metaverse will support 3-D virtual spaces.

vi. 3D spaces in the virtual world will let you socialize, learn, collaborate and play in ways
that go beyond what we can imagine.

vii. As per Facebook, the metaverse is the next evolution of social connection.

viii. Metaverse is expected to expand the internet to combine digital spaces like online
gaming, social media, cryptocurrency, virtual reality, and augmented reality.

Seven Layers of Metaverse

Layers of the
Metaverse

Experience

Discovery

Decentralization

Human

uJ, Mobile, Smartgl
Interface Haptic, Gosturds

Infrastructure 50, WIFI 8, d, 7nm to
T4, MER

Bullding the Metaverse -
0 o Motaverss, rSSRNON

Metaverse: present state

1. Gaming: As of now, many gaming platforms have successfully used the metaverse concept.
For example, Epic Games, creator of Fortnite, recently held a music concert by pop singer
Ariana Grande in their game.
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2. Crypto-currency: Cryptocurrency is another aspect of a virtual universe that has been
successfully realized, and it will be part of the new metaverse world order where all
services will be offered in exchange for crypto.

The Potential of Metaverse:

1.

Hardware Sales: Facebook CEO Mark Zuckerberg believes augmented reality glasses will
eventually be as widespread as smartphones. If that is the case, this will be a very big market.
Sofware Sales: Huge scope in the development of software applications to support the meta-
verse ecosystem.

Gaming: Facebook’s gaming platform Oculus VR is expected to be the gateway into the
metaverse.

Physical Sales: Sales of physical goods and services will be linked to the virtual ecosystem in
the future.

Immersive Learning: Immersive Learning is a training methodology that uses Virtual Reality
(VR) to simulate real-world scenarios and train students in a safe and engaging immersive
training environment.

Decentralized commerce (dCommerce): in-world transactions to happen peer-to-peer.
Non-Fungible Tokens (NFTs): NFITs - the claim of ownership for a unique, non-
interchangeable digital asset that is stored on a blockchain - may be widely adopted.

Challenges:

1.
2.

No clarity about final form of metaverse and who have control over this virtual environment.
Mixed reality takes long time and multiple companies involvement to develop resources like
hardware, software and content.

The current technologies and infrastructure like internet and bandwidth is limited in their
design to hold 3D digital spaces.

Data protection is a concerning factor in this interoperable virtual environment.

Virtual universe have challenges like new rules for censorship, control of communications,
regulatory enforcement, tax reporting, the prevention of online radicalization.’

10. BIG DATA

i. Bigdataisaterm applied to data sets whose size or type is beyond the ability of traditional
relational databases to capture, manage and process the data with low latency.

ii. Big data analytics is the use of advanced analytic techniques against very large, diverse
data sets that include structured, semi-structured and unstructured data, from different
sources, and in different sizes from terabytes to zettabytes.
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Velocity ' = Value
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Data security

Applications of Big Data in various sectors

1.

Banking: With large amounts of information streaming in from countless sources, banks are

faced with finding new and innovative ways to manage big data. Big data brings big insights,

but it also requires financial institutions to stay one step ahead of the game with advanced

analytics.

Education: By analyzing big data, educators can identify at-risk students, make sure students

are making adequate progress, and can implement a better system for evaluation and support

of teachers and principals.

Government: When government agencies are able to harness and apply analytics to their

big data, they gain significant ground when it comes to managing utilities, running agencies,

dealing with traffic congestion or preventing crime.

Health Care: When big data is managed effectively, health care providers can uncover hidden

insights that improve patient care.

Manufacturing: Big data can provide, manufacturers can boost quality and output while

minimizing waste - processes that are key in today’s highly competitive market.

Agriculture: Sensor data to optimize crop efficiency can be used. This is used to measure how

plants react to changes in various conditions by planting test crops and running simulations.

Economy: Big data can provide huge benefits to various sectors of the economy like,

i. In Insurance Sector to improve customer experience & ensure their right to claim

ii. To capture the production, price statistics, & calculate the resultant GDP

iii. Tax officials catching hold the tax evaders using Project Insight, Deregistration of lakhs
of shell companies.

Digital Space:

i. Inthe telecom sector- connecting the hinterland areas and bringing them to the mainstream,

ii. On Social Media for targeting platform users,
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iii. Artificial Intelligence - Controlling home appliances,
iv. Analyzing & Improving individual performance (at work, sports, or home) using wearable
devices.

Benefits of Big Data

1.

Improves decision making: Big data allows businesses to analyze information immediately.
Instead of focusing only on profit and loss, it integrates a wide range of insights, taking into
account each and every factor that could possibly influence the business.

Protects company and client information: Since big data can immediately detect irregularities
in any business network, it can help evade cybercrimes and enhance the overall security of
the network.

Enables effective marketing: Big data keeps us informed about marketing trends and it also
ensures that right marketing method is picked up which is best suited to needs and objectives.
It helps providing businesses with better insights about their clients.

Facilitates cost and time reduction: Big data helps cut down costs by streamlining processes
and improving operational efficiency. It can be used to identify trends, patterns, and
probabilities in incurring costs.

Better product designing: With better information and analysis of the data, it helps to design
products in a better way.

11. DARKNET
The darknet consists of a series of encrypted networks on the internet, which are not recorded or
indexed by commonly used search engines such as Google or Yahoo. They can only be accessed
through specialised software like The Onion Router (Tor) or The Invisible Internet Project (I12P)
According to computer experts, there are three layers of darknet

i. The first layers consist of regular and mainstream websites such as Facebook, Twitter,
Instagram, Yahoo, Google etc. This reportedly makes up only 4% of the internet as a whole.

ii. The second layer consists of data stored in inaccessible databases which are beyond the
reach of conventional search engines. Only a select population has access to such files
which are sensitive and private in nature.

iii. It is the third layer, located in the deepest corners of the internet that are often referred to
as the darknet which in turn is highly encrypted over the internet.

Origins of Darknet:

1.

The term ‘darknet” was coined in the 1970s to distinguish certain networks that were either
isolated or beyond the reach of ARPANET, (Advanced Research Project Agency Network),
which was a US government-funded military/academy predecessor to the Internet.

The term gained more prominence upon the publication of “The Darknet and the Future of
Content Distribution”, a 2002 paper by Peter Biddle, Paul England, Marcus Peinado, and
Bryan Willman, four employees of Microsoft. The paper described darknet as any type of
parallel network that is encrypted or requires a specific protocol to allow a user to access it.

Usefulness of DarkNet:

1.

To avoid Censorship: Individuals within closed societies and facing extreme censorship can
utilize the dark net to communicate with others outside of their society.

Anonymity and Secrecy: Even individuals within open societies may have some interest in
using the darknet, particularly as concerns about government snooping and data collection
continue to grow worldwide.
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Useful for whistleblowers and journalists to maintain secrecy in communication and leaking
and transferring information.

Some of examples of the Dark Net:

1.

One of the most famous examples of a dark net website was called the Silk Road marketplace.
Silk Road was used for buying and selling a variety of illegal items, including recreational
drugs and weapons.

Silk Road was founded in 2011 and is often considered the first dark net market. Although it
was shut down by FBI in 2013, it has spawned a number of copycat markets.

Dark net markets like the Silk Road were instrumental in the development of cryptocurrencies
because cryptocurrency transactions on dark net markets protect both the buyer and seller.

Concerns Regarding Darknet:

1.

Threat to security: Secret communication by the terrorists and other anti-social elements can
be used for their nefarious purposes. Terrorists also use the dark net for illegal purchase of
explosives and weapons, using virtual currencies like Bitcoin and other crypto-currencies.
Facilitates Illegal Activities : A large portion of the activity which takes place on the dark net
is illegal. The dark net offers a level of identity security that the surface net does not.

Harm the democratic setup: Illegally gathered voter registration information using the dark
web could be used to influence elections.

Threat to privacy: This platform can be used illegally to encroach on the Right to Privacy of
the others.

Anonymity: The end to end encryption of dark net offers a high degree of anonymity and thus
it is almost impossible to track.

Illegal business: This can be used in drug smuggling, child pornography, which eventually
affects the socio-economic fabric of the nation.

Heaven of Hackers: These platforms can be used by the hackers for cyber-related crimes like
money laundering, phishing etc.

A comprehensive Data Protection Act is the need of the hour due to potential dangers. The Centre
constituted the BN Srikrishna Committee to identify ‘key data protection issues” which suggested
a draft data protection Bill.
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C. ENERGY

12. ENERGY TARGETS OF INDIA AND RECENT ENERGY INITIATIVES OF INDIA
TOWARDS ENERGY SELF-SUFFICIENCY.

i. The ambitious target of achieving 175GW of renewable energy capacity by 2022 needs a
clear strategy roadmap, integrated planning, and a whole-of-system approach that factors
in domestic developmental and environmental considerations.

ii. India has committed that 40 per cent of its total power capacity by 2030 will be based on
renewable sources. India’s aim to add 175,000 Mw of capacity from clean energy sources
by 2022: 60 per cent from solar energy, 30 per cent from wind and the balance from biomass

and small hydro.

iii. Considering where India started from in 2010 (JNNSM), the growth of solar power in India
has been phenomenal

The total installed capacity for renewable energy
As of 31 December 2021, the total installed capacity for renewable energy in India is 151.4 GW.
The following is the breakup of total installed capacity for Renewables, as of 31 December 2021:

Ol W

Wind power: 40.08 GW

Solar Power: 49.34 GW

Bio Power: 10.61 GW

Small Hydro Power: 4.83 GW
Large Hydro: 46.51 GW

Government of India has set targets to reduce India’s total projected carbon emission by 1 billion

tonnes by 2030, reduce the carbon intensity of the nation’s economy by less than 45% by the end

of the decade, achieve net-zero carbon emissions by 2070 and expand India’s renewable energy

installed capacity to 500 GW by 2030.

1. 45 solar parks of aggregate capacity 37 GW have been approved in India. Solar Parks in
Pavagada (2 GW), Kurnool (1 GW) and Bhadla-II (648 MW) included in top 5 operational
solar parks of 7 GW capacity in the country

2. The world’s largest renewable energy park of 30 GW capacity solar-wind hybrid project is
under installation in Gujarat.

Recent energy initiatives of India towards energy self sufficiency

PM-KUSUM

It was launched by the Ministry of New and Renewable Energy
(MNRE) to support installation of off-grid solar pumps in rural areas
and reduce dependence on grid, in grid-connected areas.

Production Linked
Incentive (PLI)
Scheme

Production Linked Incentive Scheme “National Programme on High
Efficiency Solar PV Modules” was introduced with an outlay of Rs.
4500 crores to support and promote manufacturing of high efficiency
solar PV modules, including the upstage vertical components like cells,
wafers, ingots and poly silicon in India and thus reduce the import
dependence in Solar Photo Voltaic (PV) sector.

Solar Parks Scheme

To facilitate large scale grid connected solar power projects, a scheme
for “Development of Solar Parks and Ultra Mega Solar Power
Projects” is under implementation with a target capacity of 40 GW
capacity by March 2022.
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It provides for financial assistance of upto 4 GW of solar roof top
Roof Top Solar capacity to the residential sector and there is a provision to incentivize
programme Phase-II | the power distribution companies for incremental achievement over
the previous year.

A scheme for setting up 12 GW Grid- Connected Solar PV Power
Projects by Central Public Sector Undertakings with domestic cells and
modules is under implementation. Viability Gap Funding support is
provided under this scheme.

Central Public
Sector Undertaking
(CPSU) Scheme

The Prime Minister announced the launch of the National Hydrogen
Hydrogen Mission | Mission and stated the goal to make India a global hub for Green
Hydrogen production and export.

The ISA is anintergovernmental treaty-based organization with a
International Solar | global mandate to catalyze solar growth by helping to reduce the cost
Alliance of financing and technology. Recently, the United States of America
has become the 101st member country to join the ISA.

The OSOWOG was jointly released by India and UK at the COP26

OSOWOG Climate Meet in Glasgow.

The main objective of the National Wind-Solar Hybrid Policy, 2018 is
National Wind-Solar | to provide a framework for promotion of large grid connected wind-
Hybrid Policy solar PV hybrid systems for optimal and efficient utilization of wind
and solar resources, transmission infrastructure and land.

The National Offshore wind energy policy was notified in October
National Offshore | 2015 with an objective to develop the offshore wind energy in the
Wind Energy Policy | Indian Exclusive Economic Zone (EEZ) along the Indian coastline of
7600 km.

Programme on Energy from Urban, Industrial and Agricultural
Other Renewables | Vastes/ R.esid.ues. Scheme to support Promgtion .of Biomass based
cogeneration in sugar mills and other industries. Biogas Power (Off-
Grid) Generation and Thermal application Programme (BPGTP)

for Power
Generation

New National Biogas and Organic Manure Programme (NNBOMP)

13. NATIONAL HYDROGEN MISSION

1. National Hydrogen Mission (Also called as National Hydrogen Energy Mission) was an
initiative to make the best use of Hydrogen which is one of the most abundant elements on
earth. The main goal of this mission is to take advantage of this cleaner fuel.

2. On the 75th Independence Day, the Prime Minister of India announced the hydrogen policy.
Under this policy, India is targeting 3/4th of its hydrogen from renewable sources by 2050.
This mission will also help to reach sustainable climate goals.

3. National Hydrogen Mission (NHM) was announced in the Union Budget for 2021-2022 by the
finance minister. NHM was expected to draw up a road map for the usage of hydrogen as an
energy source.
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4.

National Hydrogen Energy Mission aims to push for the implementation of hydrogen energy
that would drive the country in the right direction of making the best out of the renewable
energy sector. The Hydrogen Policy is all set to capitalize on the most abundant elements on
earth for a better, safer, and cleaner alternative fuel option.

Hydrogen is considered a potential fuel that can replace fossil fuels in the future. India’s target
for 2022 is to generate 175 GW of renewable energy, and 450 GW of renewable energy by 2030,
and this mission is expected to boost this process. This mission will put an emphasis on the
hydrogen from clean energy sources.

Features of the National Hydrogen Mission: The National Hydrogen Mission will promote
and help in the production of clean fuel, and reduce the country’s dependence on cruel oil
and fossil fuels imports. Manufacturers of green hydrogen can store renewable energy for
up to 30 days. The manufacturing companies of green hydrogen would get tax-free interstate
transmission. Overall this hydrogen policy will enhance the hydrogen production to meet the
demand.

Need for National Hydrogen Mission: As fossil fuels are the main sources of electricity
generation in India. Unfortunately, fossil fuels are not-renewable. If hydrogen replaces fossil
fuels for energy production then it would reduce pollution to a large extent. Additionally,
India’s dependency on fossil fuels and crude oil imports will reduce significantly.
Challenges in National Hydrogen Mission : Some of the major challenges in the National
Hydrogen Mission include the economic sustainability of extracting green hydrogen or blue
hydrogen. There is no advanced technology for producing hydrogen yet, and all the existing
technologies for hydrogen production are at a nascent stage. Additionally, the technology
required for the production of hydrogen is highly expensive.

14. COAL BASED HYDROGEN

1.

2.

Coal is one of the important sources of hydrogen making (Brown Hydrogen) apart from
Natural Gas (Grey hydrogen) and renewable energy (Green Hydrogen)through electrolysis.
How is Coal based hydrogen produced?

i. Production of hydrogen from coal will have challenges in terms of high emissions and
(Carban Capture, Utilization and Storage) CCUS will play an important role. However,
when the carbon monoxide and carbon dioxide formed during coal to hydrogen process
are trapped and stored in an environmentally sustainable manner (CCS and CCUS), then,
Indian coal reserves could become a great source of hydrogen.

ii. The partial oxidation process is used to produce hydrogen from coal, which means some air
is added to the coal, which generates carbon dioxide gas through traditional combustion.

iii. Carbon dioxide reacts with the rest of the carbon in the coal to form carbon monoxide.

iv. Carbon monoxide in the gas stream is now further reacted with steam, generating hydrogen
and carbon dioxide.

Benefits of Coal Based Hydrogen: cheaper and less sensitive to production through electrolysis

and Natural Gas respectively. Effective way to develop clean energy.

Challenges of Coal Based Hydrogen: Higher carbon emissions. Safety and storage problem.

Issue of infrastructure.

Recent development: Recently, the Ministry of Coal constituted a Task Force and Expert

Committee to prepare the roadmap for Coal based Hydrogen production.
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15. KAMINI REACTOR

1.

Kalpakkam Mini reactor. It is the world’s only thorium-based experimental reactor. It
achieved criticality on 1996.

Designed and built jointly by the Bhabha Atomic Research Centre (BARC) and Indira Gandhi
Centre for Atomic Research (IGCAR). It produces 30 KW of thermal energy at full power.
Salient Features Of Kamini

i. Nominal power: 30 kW

ii. Fuel: U233 (20 Wt %)-Al alloy

iii. Absorber: Cadmium

16. INTERNATIONAL SOLAR ALLIANCE (ISA)

1.

International Solar Alliance was launched in 2015. The International Solar Alliance (ISA) is an
alliance of more than 122 countries initiated by India.

ISA is a coalition of solar resource rich countries lying fully or partially between the Tropic of
Cancer and the Tropic of Capricorn to specifically address energy needs by harnessing solar
energy.

The Paris Declaration establishes ISA as an alliance dedicated to the promotion of solar
energy among its member countries. ISA brings together countries with rich solar potential to
aggregate global demand, thereby reducing prices through bulk purchase.

It facilitates the deployment of existing solar technologies at scale, and promoting collaborative
solar R&D and capacity building. The Headquarters is in India with its Interim Secretariat
being set up in Gurugram.

ISA’s six programmes could be a game changer for the conservation of environment Solar
Applications for Agricultural Use, Affordable Finance at Scale, Mini Grids, and Solar Rooftops
and Solar E-mobility & Storage and Large-Scale Solar Parks.

D. HEALTH AND HYGIENE

17. NEGLECTED TROPICAL DISEASES (NTD)

1.

NTD are communicable diseases that prevail in tropical and subtropical countries and affect
more than one billion people.

Populations living in poverty, without adequate sanitation and in close contact with infectious
vectors and domestic animals and livestock are those worst affected.

Worldwide, around 149 countries and territories are affected by at least one NTD.

. India experiences the world’s largest absolute burden of several major NTDs, though India

has already eliminated several NTDs, including guinea worm, trachoma, and yaws.

Impact of NTDs

i. NTDs overload already stretched health systems in developing countries.

ii. Some disease impair physical and cognitive development amongst children as infection
leads to malnutrition, cognitive impairment, stunted growth, and the inability to attend
school.

iii. Some diseases with cutaneous manifestations are disfiguring, particularly for women,
because they delay health-seeking behavior, diagnosis and treatment.

Challenges in tackling NTD: little attention from policy-makers, lack of priority within health

strategies, inadequate research, limited resource allocation and few interventions etc.
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18. TRANS FAT
1. Trans fat, or trans-fatty acids (TFA) are unsaturated fatty acids that come from either natural
or industrial sources:

i. Naturally occurring trans-fat come from ruminants (cows and sheep).

ii. Industrially produced trans-fat are found in hardened vegetable fats such as margarine
and are often present in snack foods, baked goods and fried foods.

2. Industrially produced trans-fats are formed in a process that adds hydrogen to vegetable oil
converting the liquid into a solid, resulting in “partially hydrogenated” oil (PHO).

3. Manufacturers often use them as they have a longer shelf life and are cheaper than other fats.

4. Sources of transfat: Trans fats are largely found in vanaspati oil, margarine, bakery items, &
in baked & fried foods.

5. Health Impacts:

i. TFAs pose a higher risk of heart disease than saturated fats. While saturated fats raise total
cholesterol levels, TFAs not only raise total cholesterol levels but also reduce the good
cholesterol (HDL), which helps to protect us against heart disease.

ii. Trans fats consumption increases the risk of developing heart disease and stroke.

iii. Itis also associated with a higher risk of developing obesity, type 2 diabetes, heart disease,
metabolic syndrome, insulin resistance, infertility, certain types of cancers and can also
lead to compromised fetal development causing harm to the yet to be born baby.

6. World Health Organization (WHO) released the third progress report on Global trans-fat

elimination 2021 titled ‘Countdown to 2023".

7. Following steps have been taken by India in recent times for TFA elimination:

i. In 2018, India called for action to make the country TFA free by 2022, a year ahead of the
WHO global target of 2023.

ii. Target is to reduce TFA in all food products containing oils and fats to less than 2% in a
phased manner.

iii. “Trans Fat Free labelling” by FSSAI.

iv. Multilingual Mass media campaign, “Heart Attack Rewind” was launched.
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19. FOOD FORTIFICATION

1.

World Health Organisation defines Fortification as the practice of deliberately increasing the

content of an essential micronutrient, i.e. vitamins and minerals (including trace elements) in

a food, so as to improve the nutritional quality of the food supply and provide a public health

benefit with minimal risk to health.

Fortification has been particularly successful for iodized salt: 71 percent of the world’s

population has access to iodized salt and the number of lodine-deficient countries has

decreased from 54 to 32 since 2003.

Other common examples of fortification include adding B Vitamins, Iron, and/or Zinc to

wheat flour and adding Vitamin A to cooking oil and sugar.

Food fortification can take several forms like:

i. Mass fortification: Addition of one or more micronutrients to foods commonly consumed
by the general public, such as cereals, condiments and milk.

ii. Targeted fortification: Foods aimed at specific subgroups of the population are fortified,
thereby increasing the intake of that particular group rather than that of the population as
a whole.

iii. Market-driven fortification: Situations whereby a food manufacturer takes a business-
oriented initiative to add specific amounts of one or more micronutrients to processed
foods.

Benefits of food fortification

i. Addressing Hidden hunger: WHO defines ‘hidden hunger’ as a lack of vitamins and
minerals. Over 70% of the Indian population consumes less than half the daily recommended
dietary allowance of micronutrients a day. It helps in providing better immunity, growth
and development, better eyesight etc.

ii. Safe method: The addition of micronutrients to food does not pose a health risk to people.

iii. Other Benefits: It does not require any changes in food habits of people. It is a socio-
culturally acceptable way to deliver nutrients to people. It does not alter the characteristics
of the food — the taste, the feel, the look.

Steps towards fortification in India

i. Thejourney with food fortification in India began in the 1950s with vegetable oil fortification
and saltiodization. Other commodities such as rice and wheat flour were finally introduced
in the 2000s.

ii. India’s 10th, 11th ,12th Five Year Plans, POSHAN Abhiyan (National Nutrition Mission)
and Anaemia-Mukt Bharat Mission recommend food fortification as an important strategy
to tackle micronutrient malnutrition.

iii. In 2016, FSSAI had come out with regulations on fortification for staples like wheat flour,
maida, rice, double fortified salt, milk and oil.

20. MEDICAL OXYGEN

1.

Medical oxygen means high-purity oxygen, which is used by hospitals and clinics in the
treatment of various illnesses that cause oxygen saturation levels in the body to drop.

It generally comprises of minimum 90% oxygen (O2) with 5% nitrogen and 5% argon.

One of the ways how this oxygen can be supplied is through Liquid Medical Oxygen (LMO).
Liquification enables storage in larger volumes and easier transportation.

Most common method to produce LMO is separation of oxygen in Air Separation Units or
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ASUs.

ASUs use a method called Fractional Distillation Method to produce pure oxygen from
atmospheric air.

In this method, gases from the air are separated into various components after cooling them
into a liquid state and then liquid oxygen is extracted from it.

National Oxygen Stewardship Programme: Union government has launched an initiative to
train health care workers in rational utilization of medical oxygen to prevent wastage.
Project O2 for India: It is to enable stakeholders working to augment the country’s ability to
meet this rise in demand for medical oxygen.

21. MITOCHONDRIAL REPLACEMENT THERAPY

1.

It is also called Mitochondrial Gene Therapy

2. MRT or Mitochondrial donation is a medical technique in which defective mitochondria

carried by a woman is replaced with the healthy mitochondria of a donor.

Through in-vitro fertilization technique (IVF), the egg is then fertilised with the partner’s

sperm. Thus the embryo remains free from any such defects.

The two most common techniques in mitochondrial donation are maternal spindle transfer

and pronuclear transfer.

Thus this medical technique prevents the transmission of mitochondrial (genetic) disease

from one generation to the next.

Benefits:

i. It will prevent transmission of mitochondrial (genetic) disease from one generation to the
next.

ii. It will give parents chance of having a child that is over 99% genetically matched to them
and most importantly free of the mitochondrial disease.

iii. It has no impact on personality or looks of the offspring from third DNA set, as surrogate
mitochondrial DNA is separate from core DNA in cells.

Recent development

i. First three parent child was born via this technique in Mexico.

ii. UK became first country in world to legalize MRT.

E. BIOTECHNOLOGY

22. GENETIC ENGINEERING

1.

Genetic engineering or recombinant DNA technology or gene cloning is a collective term that
includes different experimental protocols resulting in the modification and transfer of DNA
from one organism to another.

Conventional recombination involves exchange or recombination of genes between
homologous chromosomes during meiosis. Recombination carried out artificially using
modern technology is called recombinant DNA technology (r-DNA technology).

It is also known as gene manipulation technique. This technique involves the transfer of DNA
coding for a specific gene from one organism into another organism using specific agents
like vectors or using instruments like electroporation, gene gun, liposome mediated, chemical
mediated transfers and microinjection.
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Steps involved in Recombinant DNA Technology:

i. Isolation of a DNA fragment containing a gene of interest that needs to be cloned. This is
called an insert.

ii. PCR: Polymerase Chain Reaction is a common laboratory technique used to make copies
(millions) of a particular region of DNA.

iii. Generation of recombinant DNA (r-DNA) molecule by insertion of the DNA fragment into
a carrier molecule called a vector that can self-replicate within the host cell.

iv. Selection of the transformed host cells is carrying the r-DNA and allowing them to multiply
thereby multiplying the r-DNA molecule.

v. The entire process thus generates either a large amount of r-DNA or a large amount of
protein expressed by the insert.

vi. Wherever vectors are not involved the desired gene is multiplied by PCR technique.

vii. The multiple copies are injected into the host cell protoplast or it is shot into the host cell
protoplast by shot gun method.

Tools for Genetic Engineering

i. Restriction Enzymes

ii. DNA Ligase

iii. Alkaline Phosphatase

iv. Vectors

v. Competent Host (For Transformation with Recombinant DNA)

vi. Genome editing

23. GENOME EDITING

1.

Genome editing or gene editing is a group of technologies that has the ability to change an

organism’s DNA. These technologies allow genetic material to be added, removed, or altered

at particular locations in the genome. Several approaches to genome editing have been

developed. A recent one is known as CRISPR-Cas9, which is short form of Clustered Regularly

Interspaced Short Palindromic Repeats and CRISPR-associated protein 9.

It is a three-stage complex mechanism of unwinding, cleaving (cut paste) and rewinding of

DNA.

By editing the genome the characteristics of a cell or an organism can be changed. Germ line

gene therapy targets the reproductive cells, meaning any changes made to the DNA will be

passed on to the next generation.

Advantage of Genome Editing: For research, to treat disease (including Leukemia & AIDS),

for biotechnology (genetically modifying crops/cattle), Therapeutic cloning etc.

How does it work?

i. Genome editing uses a type of enzyme called an ‘engineered nuclease” which cuts the
genome in a specific place.

ii. Engineered nucleases are made up of two parts: A nuclease part that cuts the DNA and A
DNA-targeting part to guide the nuclease to a specific sequence of DNA.

iii. After cutting the DNA in a specific place, the cell will naturally repair the cut.

iv. This repair process can be manipulated to make changes (or ‘edits’) to the DNA in that
location in the genome.

v. Types of Genome editing includes: Small DNA Changes, Removal of a section of DNA,
insertion of section of DNA.
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GENOME EDITING TECHNIQUES
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24. DNA FINGERPRINTING

1. Itis a technique for identification of an individual by examining their DNA

2. Itis also called as DNA profiling or DNA typing or testing.

3. Satellite DNA regions are stretches of repetitive DNA which do not code for any specific
protein. These non-coding sequences form a major chunk of the DNA profile of humans.

4. They depict a high level of polymorphism and are the basis of DNA fingerprinting. These
genes show a high level of polymorphism in all kind of tissues as a result of which they prove
to be very useful in forensic studies.

Steps in DNA Fingerprinting

AlecJeffreys developed this technique in which he used satellite DNAs also called VNTRs (Variable

Number of Tandem Repeats) as a probe because it showed the high level of polymorphism.

Following are the steps involved in DNA fingerprinting:
Isolating the DNA.

l

Digesting the DNA with the help of restriction endonuclease enzymes.

!

Separating the digested fragments as per the fragment size by the process of electrophoresis.

!

Blotting the separated fragments onto synthetic membranes like nylon.

!

Hybridizing the fragments using labeled VNTR probes.

!

Analyzing the hybrid fragments using autoradiography.

Applications of DNA Fingerprinting

1. The technique of fingerprinting is used for DNA analysis in forensic tests and paternity tests.

2. Itis also used in determining the frequency of a particular gene in a population which gives
rise to diversity.
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In case of the change in gene frequency or genetic drift, Fingerprinting can be used to trace the
role of this change in evolution.

Any piece of DNA sample found at a crime scene can be analyzed for the level of polymorphism
in the non-coding repetitive sequences. After the DNA profile is traced, it becomes easier to
find the criminal by performing the DNA fingerprinting for the suspects.

Apart from crime scenes, Fingerprinting applications also prove useful in finding the parents
of an unclaimed baby by conducting a paternity test on a DNA sample from the baby.

F. MISCELLANEOUS

25. INDIA-BASED NEUTRINO OBSERVATORY (INO)

1.

3.

The India-based Neutrino Observatory (INO) Project is a multi-institutional effort aimed at
building a world-class underground laboratory with a rock cover of approx. 1200 m for non-
accelerator based high energy and nuclear physics research in India. It is a proposed particle
physics research mega project.

The project is jointly funded by Dept. of Atomic Energy (DAE) and the Dept. of Science and
Technology (DST), Govt. of India.

The Tata Institute of Fundamental Research is the nodal institution.

Goal of INO:

1.

The initial goal of INO is to study neutrinos.

Neutrinos:

i. A neutrino is a fundamental elementary particle. Neutrinos are one of the most abundant
particles in the universe.

ii. These particles are abundantly found in nature. Every second, the Sun, the stars and the
atmosphere produce millions of neutrinos. Also, most of these neutrinos pass through our
body. Since neutrinos interact very less with anything that comes in their path, they can
even pass through the Earth.

iii. On earth, they are produced by particle accelerators and nuclear power plants.

The main focus of the project is to explore the Earth’s matter effect by observing the energy

and other parameters of atmospheric neutrinos.

The INO Project will help enhance the country’s scientific manpower. The detectors used in

the INO Project will be useful in fields such as Medical Imaging, and will merge various

disciplines.

The project includes:

1.

Construction of an underground laboratory and associated surface facilities at Pottipuram in
Bodi West hills of Theni District of Tamil Nadu.

Construction of an Iron Calorimeter (ICAL) detector for studying neutrinos.

Setting up of an Inter Institutional Centre for High Energy Physics (IICHEP) at Madurai, for
the operation and maintenance of the underground laboratory.

Why should the laboratory be situated underground?

1.

Neutrinos are difficult to detect in a laboratory because of their extremely weak interaction
with matter.
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2. The background from cosmic rays (which interact much more readily than neutrinos)

and natural radioactivity will make it almost impossible to detect them on the surface of
the Earth. This is the reason most neutrino observatories are located deep inside the Earth’s
surface.

The overburden provided by the Earth matter is transparent to neutrinos whereas most
background from cosmic rays is substantially reduced depending on the depth at which the
detector is located.

Applications of Neutrinos:

1.

The visible light is emitted from the surface of the sun and neutrinos, which travel close to
the speed of light, are produced in the core of the sun. Studying these neutrinos can helps to
understand what goes on in the interior of the sun.

Properties of neutrinos can be used in astronomy to discover what the universe is made up
of.

The extragalactic (originating outside the Milky Way galaxy) neutrinos may be coming from
the distant past. These undamaged messengers can give a clue about the origin of the universe
and the early stages of the infant universe, soon after the Big Bang.

Medical Imaging: Apart from direct future uses of neutrinos, there are technological
applications of the detectors that will be used to study them.

Environmental concerns

1.

=

Project will impact the flora and fauna of the Periyar Tiger Reserve and Mathikettan Shola
National Park in the Western Ghats.

The underground construction will create problems like rock bust and roof collapse.

Taking up construction activities will disturb the migration pattern of wild animals as well.

. Endangers species of birds, fish, reptiles, mammals as well as endemic plants.

26. LIDAR (LIGHT DETECTION AND RANGING) TECHNOLOGY:

1.

3.

LiDAR is a remote sensing technology that uses light in the form of a pulsed laser to measure
ranges (distances) to a target. These light pulses combined with other data recorded by the
airborne system.

It generates precise, three-dimensional information about the shape of the Earth and its surface
characteristics.

A LiDAR instrument principally consists of a laser, a scanner, and a specialized GPS receiver.

TWO TYPES OF LIDAR:

1.
2.

Topographic: typically uses a near-infrared laser to map the land.
Bathymetric: uses water-penetrating green light to also measure seafloor and riverbed
elevations.

Advantages of using LiDAR:

1.
2.

Data can be collected quickly and with high accuracy

Surface Data has a higher sample density like photogrammetry. This improves results for
some kinds of applications such as flood plain delineation.

Capable of collecting elevation data in a dense forest with high penetrative abilities.

. Can be used day and night with active illumination sensor. It is not affected by light variations

such as darkness and light. This improves its efficiency.
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It is not affected by extreme weather such as extreme sunlight and other weather scenarios.
Does not have any geometry distortions

It has minimum human dependence

Surface data has a higher sample density

Disadvantages of LiDAR

1.
2.

® N0k Ww

High operating costs in some applications

Ineffective during heavy rain or low hanging clouds because of the effects of refraction.
However, the data collected can still be used for analysis.

Unreliable for turbulent breaking waves as it will affect the reflection of pulses

No International protocols

Very large data sets which are difficult to interpret.

The laser beams may affect human eye in cases where the beam is powerful

Requires skilled data analysis techniques

Low operating altitude of between 500-2000m

Applications of LiDAR

1.

Oceanography: LiDAR technology is used to map the land and is used to measure seafloor
and riverbed elevations. LiDAR is also used for calculating phytoplankton fluorescence and
biomass in the ocean surface, which otherwise is very challenging.

Digital Elevation or Terrain Model: Terrain elevations play a crucial role during the
construction of roads, large buildings and bridges. LiDAR technology has x, y and z
coordinates, which makes it incredibly easy to produce the 3D representation of elevations to
ensure that concerned parties can draw necessary conclusions more easily.

Agriculture: Includes analysis of yield rates, crop scouting and seed dispersions. It is also
used for campaign planning, mapping under the forest canopy, and more.

Security: used by military for carrying out various security operations near the national
borders.

Rescue Missions: to know the exact depth of the ocean’s surface to locate any object in the
case of a maritime accident or for research purposes.

27. REMOTE SENSING, ITS ELEMENTS AND APPLICATIONS

1.

Remote - far away

2. Sensing- getting information.
3.
4. Remote sensing is an integrated discipline encompassing some branches of arts, science and

Remote sensing can be defined as the collection of data about an object from a distance.

technology of collecting information about the terrestrial objects using camera and sensor
system. The field of Remote Sensing and GIS has become exciting with rapidly expanding
opportunities. Geoinformatics has three major components namely remote sensing, GIS and
GNSS.

Elements of Remote Sensing

1.

Energy Source: The primary requirement for remote sensing is to have an energy service,
which provides electromagnetic energy to the target of interest. The sun being a major source
of energy, radiation and illumination having a sharp power allows capturing reflected light



30 | Science & Tech

with conventional cameras and films.

2. Radiation and the Atmosphere: The energy is required to illuminate the target. This energy
is in the form of Electromagnetic radiation. Electromagnetic radiation is a dynamic form of
energy that propagates as wave motion at a velocity in space.

3. Interaction with the target: The interaction of Electromagnetic radiation with the target is
important to remote sensing for two main reasons. First, information carried Electromagnetic
radiation reflected by the earth’s surface is modified while traversing through the atmosphere.
Second, the interaction of Electromagnetic radiation with the atmosphere can be used to obtain
useful information about the atmosphere itself. The total energy is subjected to modification
by the several physical process, scattering, absorption and refraction. Scattering is the re-
direction of Electromagnetic radiation by particles suspended in the atmosphere or by large
molecules of atmospheric gases. The amount of scattering depends upon the size of the
particles and their abundance. The wave length of radiation, depth of the atmosphere through
which the energy is travelling. Absorption is the process by which the gas molecules present
in the atmosphere strongly absorb the Electromagnetic radiation through the atmosphere in
certain spectral bands.

4. Recording of energy by the sensor: After the energy has been scattered by or emitted from
the target, we require a sensor (remote not in contact with the target) to collect and record
the electromagnetic radiation. A sensor is highly sensitive to all the wave lengths yielding
spatially detailed data on absolute brightness. On the basis of the source of electromagnetic
energy, the sensor can be classified into two ways. They are active sensor or passive sensor.
Active sensor generates and uses its own energy to illuminate the target and records the
reflected energy. It operates in the microwave regions of the electromagnetic spectrum. Their
wave lengths are longer than 1 mm.

5. Transmission, Reception and Processing: The energy recorded by the sensor has to be
transmitted in electronic form, to a receiving and processing station where the data processed
into an image. The Image processing methods may be grouped into three functional categories
such as Image Restoration, Image Enhancement and Information Extraction.

6. Image Restoration: Restoration processes are designed to recognize and compensate for errors,
noise and geometric distortion introduced into the data during the scanning transmission and
recording processes. The objective is to make the image resemble the original scene. Image
restoration is relatively simple because the pixels from each band are processed separately.

i. Image Enhancement: Enhancement is the modification of an image, to alter its impact on
viewer. General enhancement distorts the original digital values; therefore enhancement is
not done until the restoration processes are completed.

ii. Information extraction: Image restoration and enhancement process utilize computers to
provide corrected and improved images for study by human interpreters. The computer
makes no decision in these procedures. The human operator must instruct the computer
and must evaluate the significance of the extracted information.

7. Interpretation and Analysis: Image interpretation is defined as the act of examining images
to identify objects and judge their significance. An interpreter studies remotely sensed data
and attempts through logical process to detect, identify, measure and evaluate the significance
of environment and cultural object pattern and spatial relationship.
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Processes involved in Remote Sensing
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Applications of remote sensing

1.

Agriculture: The satellites have ability to image individual fields, regions and countries
on a frequent revisit cycle. Customers can receive field-based information including crop
identification, crop area determination and crop condition monitoring (health and viability).
Satellite data are employed in precision agriculture to manage and monitor farming practices
at different levels.

Forest Management: The forest - fire, sudden deforestation, encroachment of forest- land
are recent challenges to the ecologist. It can be easily identified and curbed with the help of
remote sensing satellite pictures.

Geology: Various fields Remote sensing techniques used in geology are e Lithological
mapping ¢ Structural mapping, Geomorphological mapping ¢ Mineral exploration
* Hydrocarbon exploration ® Sedimentation mapping and monitoring ® Geo-hazard mapping
Oceanography: Satellite remote sensing plays an important role in coastal zone management.
There it allows us to locate and regularly monitor various aspects such as bathymetry (the
measurement of the depth of water in water bodies), chlorophyll content, suspended sediment
concentration, etc.

Cartography: Remote sensing aids in extensive surveys that are made from high altitudes to
show the urban development, rural development, mountain areas, desserts, etc which help
the cartographers. High-resolution satellite cameras located at altitudes of several hundred
kilometres can record details as small as a few metres on the surface of the Earth.
Meteorology: The radar system is basically used to collect the weather data. It collects
meteorological data from unmanned land/ ocean based Data collection platforms and serves
as a communication satellite for rapid exchange of meteorological data among centres and for
rapid dissemination of weather forecasts warnings etc, to user agencies.

Topography: Topography specifically involves the recording of relief or terrain, the three
dimensional quality of the surface, and the identification of specific landforms. Topographic
maps usually portray both natural and manmade features. They show and name works of
nature including mountains, valleys, plains, lakes, rivers, and vegetation. They also identify
the principal works of man, such as roads, boundaries, transmission lines, and major buildings.
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8. Urban Planning: These information systems also offer interpretation of physical (spatial)
data with other socio-economic data, and thereby providing an important linkage in the total
planning process and making it more effective and meaningful. Digitization of planning base
maps has facilitated updating of base maps wherever changes have taken place in terms of
land development etc. Superimposition of any two digital maps which are on two different
scales is feasible.

28. ROBOTICS
Robotics is an integrated study of mechanical engineering, electronic engineering, computer
engineering, and science. Robot is mechanical device designed with electronic circuitry and
programmed to perform a specific task. These automated machines are highly significant in this
robotic era where they can take up the role of humans in certain dangerous environments that
are hazardous to people like defusing bombs, finding survivors in unstable ruins, and exploring
mines and shipwrecks.

Materials used to make robots

For robots, aluminum and steel are the most common metals. Aluminum is a softer metal and
is therefore easier to work with, but steel is several times stronger. In any case, because of the
inherent strength of metal, robot bodies are made using sheet, bar, rod, channel, and other shapes.

Components of Robotics

The robotic system mainly consists of sensors, power supplies, control systems, manipulators

and necessary software. Most robots are composed of 3 main parts:

1. The Controller - also known as the “brain” which is run by a computer program. It gives
commands for the moving parts to perform the job.

2. Mechanical parts - motors, pistons, grippers, wheels, and gears that make the robot move,
grab, turn, and lift.

3. Sensors - to tell the robot about its surroundings. It helps to determine the sizes and shapes of
the objects around, distance between the objects, and directions as well.

Key components

Sen rs Power Comversiom 3 Actuators
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1. Power conversion unit: Robots are powered by batteries, solar power, and hydraulics.

2. Actuators: Converts energy into movement. The majority of the actuators produce rotational
or linear motion.

3. Electric motors: they are used to actuate the parts of the robots like wheels, arms, fingers, legs,
sensors, camera, weapon systems etc. Different types of electric motors are used. the most
often used ones are AC motor, Brushed DC motor, Brushless DC motor, Geared DC motor,
etc.
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Pneumatic Air Muscles: they are devices that can contract and expand when air is pumped
inside. It can replicate the function of a human muscle. They contract almost 40% when the air
is sucked inside them.

Muscle wires: They are thin strands of wire made of shape memory alloys. They can contract
by 5% when electric current is passed through them.

Piezo Motors and Ultrasonic Motors: Basically, we use it for industrial robots.

Sensors: Generally used in task environments as it provides information of real-time
knowledge.

Robot locomotion: Provides the types of movements to a robot. The different types are (a)
Legged (b) Wheeled (c) Combination of Legged and Wheeled Locomotion (d) Tracked slip/
skid.

Types of Robots

1.

Human Robot : Certain robots are made to resemble humans in appearance and replicate the
human activities like walking, lifting, and sensing, etc.

Industrial Robots : Cartesian, SCARA, Cylindrical, Delta, Polar and Vertically articulated
Artificial Intelligence : The aim of artificial intelligence is to bring in human like behavior in
robots. It works on

i. Face recognition

ii. Providing response to player’s actions in computer games

iii. Taking decisions based on previous actions

iv. To regulate the traffic by analyzing the density of traffic on roads.

v. Translate words from one language to another

Advantages of Robotics:

1.
2.

The robots are much cheaper than humans.

Robots never get tired like humans. It can work for 24 x 7. Hence absenteeism in work place
can be reduced.

Robots are more precise and error free in performing the task.

Stronger and faster than humans.

Robots can work in extreme environmental conditions: extreme hot or cold, Space or
underwater. In dangerous situations like bomb detection and bomb deactivation.

In warfare, robots can save human lives.

Robots are significantly used in handling materials in chemical industries especially in nuclear
plants which can lead to health hazards in humans.

Disadvantages of Robotics

1.
2.
3.

o

Robots have no sense of emotions or conscience.

They lack empathy and hence create an emotionless workplace.

If ultimately robots would do all the work, and the humans will just sit and monitor them,
health hazards will increase rapidly.

Unemployment problem will increase.

Robots can perform defined tasks and cannot handle unexpected situations

The robots are well programmed to do a job and if a small thing goes wrong it end up in a big
loss to the company.

If a robot malfunctions, it takes time to identify the problem, rectify it, and even reprogram: if
necessary. This process requires significant time.
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8.
9.

Humans cannot be replaced by robots in decision making.
Till the robot reaches the level of human intelligence, the humans in work place will exit.

29. LIGHT FIDELITY (LIFI) TECHNOLOGY

1.

2.

LiFi is a wireless optical networking technology, which uses light emitting diodes (LEDs) to
transmit data. It makes a LED light bulb emit pulses of light that are undetectable to human
eye and within those emitted pulses; data can travel to and from receivers.

LiFi is not strictly a line-of-sight technology i.e. data rate is not dependent on the line of sight
but on the signal quality at the device

Features of Li-Fi:

1.
2.
3.

NS Uk

Operation : LiFi transmits data using light with the help of LED bulbs.

Interference : Do not have any interference issues similar to radio frequency waves.

Privacy : In LiFj, light does not pass through the walls and hence will provide a much secure
data transfer.

Data transfer speed : About 1 Gbps

Frequency of operation : 10 thousand times frequency spectrum of the radio

Coverage distance : About 10 meters

Data density :Work with high dense environment.

Advantages of LiFi systems:

1.
2.

Provide ultra-fast data connections

Useful in urban areas where radio spectra are congested and also in rural areas wherein Fiber
Optic Cables or networks are not reachable etc.

Unlike Wi-Fi that uses radio waves for data transmission, LiFi uses light.

. The visible light spectrum is almost 10,000 times larger than the spectrum occupied by radio

waves.
Also, LiFi is said to increase bandwidth by 100 times what we have today with WiFi.

. A LiFi connection can transmit data at the rate of 224 gigabytes per second.

LiFi is also more suitable in electromagnetic-sensitive areas like hospitals, airplane cabins, and
nuclear power plants .

Disadvantage/challenges of LI-FI

1.

2.

Since it uses visible light to transmit data, LiFi would be rather useless in conditions where
there is no light. That means no Internet while lying in your bed at night.

If you have a WiFI router installed in one room of your house, you can connect your devices
sitting anywhere in the house, but this is not the case with LiFi.

Since visible rays cannot pass through walls, you have to be in the immediate vicinity of
the source of light to access the Internet on your device, which may not sound particularly
convenient to many people.

This technology is also said to be less reliable (again, due to it being dependent on visible
light) and has high installation charges.
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30. INDUSTRIAL REVOLUTION 4.0 AND INDIA
Industrial Revolution 4.0 is the term that is used to describe the transition from electronic-based
industry to the one that is dominated by the fusion of new and emerging fields and ideas like
Artificial Intelligence, robotics, nanotechnologies, biotechnology, Internet of Things, Big Data &
Analytics, Machine Learning and Cloud Computing

Four major components of “Industry 4.0”

1. Cyber-physical systems.

2. Internet of things (IoT)

3. On-demand availability of computer system resources (e.g. cloud computing)
4. Cognitive computing.

Design Principles of industry 4.0

Interoperability: This is the ability of machines, devices, sensors, and people to connect

and communicate with each other via the Internet of Things (IoT) and then make use of that

information to function and execute improvements.

Information Transparency

1. Information Transparency is to describe how easy it is to observe the actions taken and the
information being stored.

2. Information is crystal clear and easy to access, providing a fast and powerful method to
extrapolate knowledge.

Technical Assistance : Technical assistance is the ability of cyber-physical systems to support

humans by aggregating and visualizing information comprehensibly so that making informed

decisions and solving urgent problems on short notice is simple and effective.

Decentralization of Decisions :

1. The decentralization of decisions stems from the ability of cyber-physical systems to make
choices independent of people.

2. Instead of requiring workers to painstakingly watch for variances or oversee material needs,
the cyber-physical system will manage these issues autonomously through a decentralized
network of IoT and cloud computing

Benefits of Industrial revolution 4.0 in India
1. Agriculture:

i. The improvement in the fields of biotechnology, Al, pest control mechanism, innovative
irrigation systems, etc., allows for increased crop production.

ii. Doubling farmer’s income by providing them with the latest technologies, improvement in
crop yield through real-time advisory, advanced detection of pest attacks, and prediction
of crop prices to inform sowing practices.

2. Health care

i. Better and low-cost health care can be achieved through the implementation of Aldriven
diagnostics, personalized treatment, early identification of potential pandemics, and
imaging diagnostics, among others.

ii. Artificial intelligence can be used to empower and enable specially-abled people.
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10.

11.

iti. With Artificial Intelligence and fast-paced internet like 5G, there will be better diagnosis,
cheaper and better medical services.

Infrastructure: It will help connect every last village in the country to ensure better government

services and improved infrastructure for all.

MSME

i. Micro, Small and Medium Enterprises (MSMEs) are expected to become the backbone of
India as the economy grows larger.

ii. Through the Fourth Industrial Revolution’s new-age business model, smart corporations
and digitally-enabled MSMEs can enjoy a symbiotic relationship that promotes greater
production efficiency, ensureslower time to marketas well as higherservice satisfaction for
customers and other stakeholders.

Manufacturing

i. India’s transformative journey of manufacturing through Industry 4.0, banking on India’s
strength in information technology, and a large workforce of IT professionals have already
started in the country.

ii. Industry 4.0 has many aspects to it including the upcoming trends of automation and data
exchange in manufacturing technology, cyber-physical systems, the Internet of Things,
cloud computing, and more.

Ease of doing business : It will improve ease of living and ease of doing business using smart

technologies. Recently, India has announced her drone policy, which will play an important

role in security, traffic and mapping.

Employment opportunity : Industry 4.0 increase the skills of manpower in these areas and

create new types of jobs.

Communication : Personalized communication will help gain trust and loyalty from the

customers.

Security : The emergence of new and innovative technologies helps undertake better security,

surveillance and search and rescue operations.

Disaster management : The improved early warning systems, weather forecasting systems,

etc., assure improved disaster management, reduction of causality, faster evacuations, etc.

Poverty alleviation : By better rationalization of subsidy and implementation of welfare

schemes. It helps relieve poverty and improve people’s standard of living

Challenges

1.

Inequality : As automation substitutes for labour across the entire economy, the net
displacement of workers by machines might exacerbate the gap between returns to capital
and returns to labour. The gap between those dependent on capital and labour will increase.
Unemployment : Displacement of workers by technology will, in the aggregate, result in a net
increase in the unemployment in the country.

Threat to privacy :The pervasiveness of digital technologies and the dynamics of information
sharing typified by social media are also causing concern and discontent among the public.
Policymaking : Current systems of public policy and decision-making evolved alongside
the Second Industrial Revolution. But the rapid changes of the fourth revolution demands
broader regulations with the inclusiveness of customers, developers, and the public at large.
Security threat : New technologies such as autonomous or biological weapons become easier
to use, individuals and small groups will increasingly join states in being capable of causing
mass harm.
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GOVT. POLICY /ORGANIZATIONS ON SCIENCE AND TECHNOLOGY

G. SCIENCE AND TECHNOLOGY INSTITUTIONS

31. ICAR

1.

Indian Council for Agricultural Research, ICAR is an autonomous organization under the

Department of Agricultural Research and Education (DARE), Ministry of Agriculture and

Farmers Welfare, Government of India.

It was established on 16 July 1929. ICAR was formerly known as Imperial Council of

Agricultural Research.

Headquartered at New Delhi, ICAR has 111 institutes and 71 agricultural universities spread

across the country. Indian Council of Agriculture Research is the apex body for coordinating,

guiding and managing research and education in agriculture including horticulture, fisheries

and animal sciences in the entire country.

‘ICAR Vision 2050°, provides the strategic framework for innovation-led inclusive and

sustainable agricultural growth in the country.

Role

i. TheICAR has played a pioneering role in ushering Green Revolution. It has played a major
role in promoting excellence in higher education in agriculture.

ii. The research and technology development by ICAR has increased the production of food
grains by 5.6 times, horticultural crops by 10.5 times, fish by 16.8 times, milk by 10.4 times
and eggs by 52.9 times.

32. THE INDIAN COUNCIL OF MEDICAL RESEARCH (ICMR)

1.

The Indian Council of Medical Research (ICMR), New Delhi, the apex body in India for the
formulation, coordination and promotion of biomedical research, is one of the oldest medical
research bodies in the world.

The ICMR has always attempted to address itself to the growing demands of scientific advances
in biomedical research on the one hand, and to the need of finding practical solutions to the
health problems of the country, on the other.

The ICMR has come a long way from the days when it was known as the IRFA, but the
Council is conscious of the fact that it still has miles to go in pursuit of scientific achievements
as well as health targets.

It comes under the Department of Health Services (DHS), Ministry of Health and Family
Welfare (MoH & FW). It is neither a statutory body nor a regulatory body.

33. ISRO PROPULSION COMPLEX (IPRC)

1.

IPRC formerly Liquid Propulsion Systems Centre, Mahendragiri (LPSC-M), is located near
Kanyakumari at Mahendragiri Hills, Tirunelveli District, TamilNadu.

It is the major testing hub of ISRO’s liquid propulsion systems. The role of IPRC is to carry
out research for the development of liquid propulsion systems both for Satellites and Satellite
Launch Vehicles.

IPRC is equipped with state of the art facilities for the assembly, integration and testing of
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liquid propulsion systems. It is responsible for the development, qualification and acceptance
testing of sub-systems and systems for launch vehicles and spacecraft projects.

Before qualifying an engine through hot test, its subsystems are qualified by conducting cold
flow test by using water or simulant fluids. For this cold flow test facilities are established.
IPRC has the responsibility of delivering the second and fourth stages of ISRO’s workhorse
launch vehicle PSLV.

IPRC has played a major role in the development of indigenous cryogenic engine of 75kIN
thrust capacity for Geo-Synchronous Satellite Launch Vehicle MK II (GSLV MKII) and 200kN
thrust capacity engine for GSLV MK Il Towards these developments IPRC has done extensive
testing and analysis to perfect the cryogenic technology.

IPRC has over the years established world class facilities with ambitious Technology
development programmes and is a pioneer in the liquid propulsion area. ISRO is now working
for the development of a high thrust semi-cryogenic engine which uses Liquid Oxygen and
Rocket grade Kerosene called Isrosene.

This eco-friendly Semi Cryo engine of 2000kN thrust capacity is being developed. IPRC has
a significant role in establishing the test facilities for this development. Also establishment of
the related assembly, integration and propellant storage facilities are in progress.

34. NUCLEAR POWER CORPORATION OF INDIA LIMITED (NPCIL)

1.

NPCIL is a Public Sector Enterprise under the administrative control of the Department of
Atomic Energy (DAE), Government of India.

The Company was registered as a Public Limited Company under the Companies Act, 1956 in
September 1987. The headquarters of NPCIL is located at Mumbai, Maharashtra.

Objectives: operating atomic power plants and implementing atomic power projects for
generation of electricity in pursuance of the schemes and programmes of the Government of
India under the Atomic Energy Act, 1962.

NPCIL also has equity participation in BHAVINI, another PSU of Department of Atomic
Energy (DAE) which implements Fast Breeder Reactors programme in the country.

NPCIL is responsible for design, construction, commissioning and operation of nuclear power
reactors. NPCIL is presently operating 22 commercial nuclear power reactors with an installed
capacity of 6780 MW.

Vision: “To be globally proficient in nuclear power technology, contributing towards long
term energy security of the country.”

The Mission of the Company is “To develop nuclear power technology and to produce nuclear
power as a safe, environmentally benign and economically viable source of electrical energy
to meet the increasing electricity needs of the country’.

35. INDIRA GANDHI CENTRE FOR ATOMIC RESEARCH [IGCAR]:

1.

2.

IGCAR is the second largest establishment of the Department of Atomic Energy next to Bhabha
Atomic Research Centre, was set up at Kalpakkam, Chennai in 1971.

This is part of the second stage of Indian Atomic Energy Programme. It is aimed at preparing
the country for utilization of the extensive Thorium reserves and providing means to meet the
large demands of electrical energy in 21st century.
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3. The reactor attained its first criticality on 18th Oct, 1985 and has been in operation at its
maximum attainable power level of 10.5 MWt with a small core. It is the first of its kind in the
world to use Plutonium Uranium mixed carbide as a driver fuel.

1. Mission:

i. Toconducta broad based multidisciplinary programme of scientific research and advanced
engineering development, directed towards the establishment of the technology of Sodium
Cooled Fast Breeder Reactors (FBR) and associated fuel cycle facilities in the Country.

ii. The mission includes the development and applications of new and improved materials,
techniques, equipment and systems for FBRs pursue basic research to achieve breakthroughs
in Fast Reactor technology.

2. Milestones:
i. FBTR attains the design power level of 40 MWt on 7/03 /2022
ii. 2021: Gamma radiation detector designed and built using single crystals of Cd0.9Zn0.1Te
(CZT) grown in-house. With this sensor, the photo peaks of Ba-133 and Am-241 were
successfully resolved.
iii. 2019: Development of SQUID based TDEM system for geophysical applications

36. NATIONAL SCIENCE & TECHNOLOGY ENTREPRENEURSHIP DEVELOPMENT BOARD
(NSTEDB)
1. The NSTEDB was established in 1982 by the government of India under the aegis of the DST.
It is an institutional mechanism to help promote knowledge driven and technology intensive
enterprises.
2. The board having representations from socio-economic and scientific ministries/departments
aims to convert “job-seekers” into “job-generators” through science &technology interventions.
3. Its broad objective is to promote gainful self-employment amongst the science and technology
manpower in the country.
4. The major objectives are :
i. To promote knowledge based and innovation driven enterprises; To facilitate generation
of entrepreneurship and self-employment opportunities for S & T persons.
ii. To facilitate the information dissemination; To network with various Central & State
Government agencies for S&T based entrepreneurship development.
iii. Toactasa policy advisory body to the Governmentagencies for S&T based entrepreneurship
development; To generate employment through technical skill development using S & T
infrastructure.

37. ATAL TINKERING LAB:

1. Atal Innovation Mission NITI ~Aayog and the National Informatics Centre
(NIC) have jointly launched to provide students experience in creating and modifying 3D
designs. Vision is to “‘Cultivate one Million children in India as Neoteric Innovators’.

2. Objective: The objective of this scheme is to foster curiosity, creativity and imagination in
young minds; and inculcate skills such as design mindset, computational thinking, adaptive
learning, physical computing etc.

3. Financial Support: AIM will provide grant-in-aid that includes a one-time establishment cost
of Rs. 10 lakh and operational expenses of Rs. 10 lakh for a maximum period of 5 years to each
ATL.
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4.

Eligibility: Schools (minimum Grade VI - X) managed by Government, local body or private

trusts/society can set up ATL.

Significance of ATLs:

i. Atal Tinkering Labs have evolved as epicenters for imparting these “skills of the future’
through practical applications based on self-learning.

ii. Bridging a crucial social divide, provide equal opportunity to all children and introducing
children to the world of innovation and tinkering.

The Atal Innovation Mission (AIM) is the Government of India’s flagship initiative to promote

a culture of innovation and entrepreneurship in the country.

H. SCIENCE AND TECHNOLOGY POLICIES, PROGRAMMES AND MISSIONS

38. FAME INDIA SCHEME

1.

2.

FAME India is a part of the National Electric Mobility Mission Plan. The main thrust of FAME
is to encourage electric vehicles by providing subsidies.

The scheme was deployed in two phases.

i. Phase I was started in 2015 and got completed on 31st March 2019;

ii. Phase Il was started in April 2019, and got completed by 31st March 2022

Phase-1I of FAME India Scheme is being implemented for a period of 3 years with effect from
April 1, 2019, with total budgetary support of Rs 10,000 crore.

The decision reflects the Centre’s commitment to reduce dependence on fossil fuel and address
the issues of vehicular emissions. The government also sanctioned 241 charging stations in
Madhya Pradesh, Tamil Nadu, Kerala, Gujarat and Port Blair.

Phase 1II focuses on supporting electrification of public & shared transportation and aims
to support, through subsidies, approximately 7,000 e-buses, 5 lakh e-3 wheelers, 55,000 e-4
wheeler passenger cars and 10 lakh e-2 wheelers.

Focused Areas: Demand Creation, Technology Platform, Pilot Project and Charging
Infrastructure.

39. THE NATIONAL POLICY ON BIOFUELS-2018
The National Policy on Biofuels-2018 approved by the Government envisages an indicative target
of 20% blending of ethanol in petrol and 5% blending of bio-diesel in diesel by 2030.

National Policy on biofuels- salient features:

i. Categorization: The Policy categorizes biofuels as “Basic Biofuels” viz. First Generation
(1G) bioethanol & biodiesel and “Advanced Biofuels” - Second Generation (2G) ethanol,
Municipal Solid Waste (MSW) to drop-in fuels, Third Generation (3G) biofuels, bio-CNG
etc. to enable extension of appropriate financial and fiscal incentives under each category.

ii. Scope of raw materials: The Policy expands the scope of raw material for ethanol
production by allowing use of Sugarcane Juice, Sugar containing materials like Sugar Beet,
Sweet Sorghum, Starch containing materials like Corn, Cassava, Damaged food grains like
wheat, broken rice, Rotten Potatoes, unfit for human consumption for ethanol production.

iii. Protection to farmers: Farmers are at a risk of not getting appropriate price for their
produce during the surplus production phase. Taking this into account, the Policy allows
use of surplus food grains for production of ethanol for blending with petrol with the
approval of National Biofuel Coordination Committee.
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iv. Viability gap funding: With a thrust on Advanced Biofuels, the Policy indicates a viability
gap funding scheme for 2G ethanol Bio refineries of Rs.5000 crore in 6 years in addition to
additional tax incentives, higher purchase price as compared to 1G biofuels.

v. Boost to biodiesel production: The Policy encourages setting up of supply chain
mechanisms for biodiesel production from non-edible oilseeds, Used Cooking Oil, short
gestation crops.

Benefits of the policy

1. Itreduces the country’s dependence on imports; It promotes a cleaner environment: It results
in a reduction in the burning of crops, as the agricultural waste/residue is converted to
bioethanol.

2. The re-use of cooking oil presents grave health hazards; however, it's a potential feedstock for
biodiesel. It also aids in Municipal Solid Waste (MSW) management. There are technologies
available that can convert waste/ plastic in the MSW to biofuels. One ton of such waste has the
potential to provide around 20% reduction in fuels.

3. The process of production of biofuels will aid in the creation of jobs. The conversion of
surplus grains and agricultural biomass can help in price stabilization and thereby provide an
additional source of income to the farmers.



