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FUNDAMENTAL DUTIES

It shall be the duty of every citizen of India
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to abide by the Constitution and respect its ideals and institutions,
the National Flag and the National Anthem;

to cherish and follow the noble ideals which inspired our national
struggle for freedom;

to uphold and protect the sovereignty, unity and integrity of India;

to defend the country and render national service when called upon
to do so;

to promote harmony and the spirit of common brotherhood
amongst all the people of India transcending religious, linguistic
and regional or sectional diversities; to renounce practices
derogatory to the dignity of women;

to value and preserve the rich heritage of our composite culture;

to protect and improve the natural environment including forests,
lakes, rivers and wild life, and to have compassion for living

creatures;

to develop the scientific temper, humanism and the spirit of inquiry
and reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and
collective activity so that the nation constantly rises to higher levels
of endeavour and achievement;

to provide opportunities for education by the parent or the guardian,
to his child or a ward between the age of 6-14 years as the case may
be.

* Constitution of India : Section 51-A
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AN INTRODUCTION TO NANOTECHNOLOGY

1.1 Introduction

The word ‘Nanotechnology’ comprises of two words : Nano and Techmology. ‘Nano' is a
Greek word meaning dwarf or small. In mathernatical notation, nanometer means one billionth of
a meter, i.e. :

lmm(nm)=m = 10® meter (m)

In the present context ‘technolopy” means the technique to convert scientific principles to
design or synthesis new materials, devicea for prosperity, comforts and betterment of human life.
It is in tum also useful to explore and understand the basic ideas underlying any scientific happenings.

The: fantasy of the ‘nane-world’ is realised as many materials when reduced below 100 am
in size they show markedly different properties compared to their bulk properties. For example,
improved mechamical strength, higher thermal and electrical conductivity, different optical properties,
eic. These features are always invitable for foture technological and engineering developments. In
the words of Nobel Laureate Physicist of California Institote of Technology, Prof. Richard P.
Feynmean (1959). “There is Plenty of Room at the Bottom.” He emphasised on the concept of
“mrindatnrisation” in order to improve the functional efficiency of the material or device. However,
it was much later in 1980s, K. Eric Drexler first coined the word ‘Nanotechnology.'

r—For Information Only) Richard P. Feynman
Birth : May 11, 1918. Far Rockaway, Queens, New York, ULS.
Death : Pebmary 15, 1988, Los Angeles, California, 1.8,
Nationality : American
Research Field : Theoretical Physics
Abma Mater : B.S. (Massachnsetts Institute of Technology) Fh.D.

(Proneceton University)

Awardy : Albert Eingtein Award (1954), EO. Lawrence Award

(1962), Nobel Prize in Physics (1965), Cersted Medal
(1972), National Medsal of Science (1979)
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1.2 Nanotechnology and Nanoscience

We may now ask “ What actually a nanotechnology is ? ” According to CRN’s (Center for

Responsible Nanotechnology) definition, it is the engineering of tailoring of functional systems at
the molecular or atomic scale. Before we go into details of nanotechnology, let us define what is
nanoscience.

Nanoscience involves the understanding of matter whose at least one of the dimensions is
1 nm — 100 nm or less then it. It is the study of fundamental principles that the nature permits at
the nanoscale or less than that i.e. the ‘Quantum Mechanics.’

For Information {_}Ia.ij_s:/

At nanoscale, laws of Newtonian mechanics fail and we require to invoke Quantum
mechanics (which you will learn in higher studies) to understand interactions/forces
prevailing among atoms and molecules.

On the otherhand, nanotechnology uses the understanding gained through the nanoscience to
fabricate or synthesis improved materials and devices. Prof. Feynman described such atomic scale
fabrication as a ‘bottom-up’ approach, as opposed to conventional ‘top-down’ technological
approach.

-—G'.?-s:'ba" Information -ﬂij]%!;l;ja

“The principles of physics as far as I can see, do not speak against the possibility

of maneuvering things atom-by-atom. It is not an attempt to violate any laws, it is
something, in principle, that can be done, but in practice, it has not been done because
we are too big.” - R. P. Feynman, 29'" December, 1959

In bottom-up manufacturing of devices, positionally - controlled atom-by-atom or molecule by
- molecule nanostructures or nanoparticles are designed to achieve desired properties. In
nanotechnology, a ‘particle’ is defined as a small object which behaves as a whole unit in terms
of its transport and other properties. With this view, ‘nanoparticles’ are sized 1 — 100 nm. Even
if the size of most molecules would fit into this limit, individual molecules are generally not
considered as nanoparticles.

Although, nanotechnology is considered as an invention of modem science, its use has been
identified from long past. For example, nanoparticles were used by artisans as far back as the 9th century
for generating a glittering effect on the surface of pots. A hair-dye formula used 2000 years ago by
Greeks and Romans, works by causing tiny nanoparticles. Ancient Egyptians were using nano-lead
compound for eye-make up. The Damascus steel with carbon nanoparticles on the surface was found
on the surface of the sword of Tipu Sultan (Figure 1.1). ‘Bhasmas’ an ayurvedic medicines - are
actually metallic mineral preparations of biologically produced nanoparticles. And history is long - it is
Michael Faraday (1857) who gave first scientific description about how materials show drastically
different and unique properties at the nano-scale.

As the invention of electricity and transistor gave new technological path ways, nanotechnology
too will enable us to allow radical new things in virtually every technological and scientific arena;
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whether it is communication or transportation, agriculture or indusiry,
engineering or military affairs (weapons, etc.), medicines or cosmetics, space
engineering or domestic purposes, econonlics or environmental issues, clean
and abundant energy problemz or whatever you name it. Thus,
nemoteckmology seeans to be the peneral parpose tecimology, Higher efficiency
meaning higher performances that is the reason to call it correctly the ‘Green
technology.’

Scientists and technocrets expect fully matwed nanotechnology to be
functioning by the year 2025.

Dear students, you have enough scope to shape your career in this
exciting area of science and technology.

1.3 Dimensions of the Physical World

To visualize / feel the size / dimension of different physical objects, moving from macrosystems
—» microgystems — hanosystems, pictotial comparison is given in the fgore 1.2,
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We take 1 nanometer (nm) as reference to measure size of different objects in figore 1.2.
Average height of a man (1.75 m) 1750,000,000 nm is too big compared to bnman hair with a
diameter 50,000 nmn. The size of Red blood cells and E-coli bectetia ave 5000 and 2000 nm,
respectively. Transistor printed on IC {Integrated Circuit ) is around 90 nm, while the size of virus
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is about 50 nm. Falling truly into nano-regime are the carbon nanotubes or bucky-balls. They are
approximately 1 om in size. The width of a typical DNA iz around 2.0 nm. While the diameter
of hydrogen atom is in sub-nano range (0.1 nm).

Size of human hair, becteria, red and white blood cells, fly ash, typically few thousands nm
ar greater, can be conveniently written in micrometer (10°m = 1 pm) scale,

The capacity of a normal human eye to see the smallest objects iz 10,000 om = 10 pm. It is
thus obvions that in onder 0 place atom or molecule to form specific nanosiructure, microscope
with very high magnification is required. In fact, due to advent of Scanning Tunneling Microscope
(STM) and Atomiic Force Microscope (AFM) arrangement of atom and molecules can be done
efficiently while developing desired namostractures.

1.4 Nanotechnology Plays by Different Rules

The prime goal of nanotechnology is 1o design nanostructures or nanoparticles for specific
applications. It also provides a bridge between bulk or macro materials with atomic and molecular
structures. Unlike the top-down approach, where methods for manufacturing involve the construction
of parts throngh carving, cotting, molding, etc., special techmicues are required for synthesis of
nanomaterials. Depending upon types of atoms or molscnles imvolved in the process, theres are several
methods available, These involve grinding (ball-mill) methexis, use of thermal plasma, inert-gas

Another striking feature of nancstrmctures is their size and shape dependent on physical
properties. Whereas bulk maderials have almost constant properties regardlesa of their size and
shepe wider the given physical comditions. An important parameter that determines the fimctioning
of a nanomaierial is the surface area (SA) to volume (V) ratio. It is known that the reaction takes
place at the surface of a chemical or material. The greater the surface area for the same volume,
the greater is the reactivity. For nancstructored materials SA to 'V ratio, (i.e. SA/V) is large, which
improves the reactivity drastically. This is the reason for showing different physical properties by
the same material at the nanoscale,

—{ Activity : 1
Take two cubes of length 1 umit and 10 unit regpectively. Using the given formula calculate
the following :
(i) Total surface area (SA) = length x breadth X mumber of zides
(ii) Volume (V) = length x breadth x height
ifi) Ratio 15
(i) Ratio, —
Question :
. SA
thlmbﬁhﬂalarge??




—{ Activity : 2)
SA S
Find v for two spheres with radii 1 cm.
and 5 cm, respectively and give your
conclusion.
1 cm
5 cm

={ Activity : 3 )
‘Why sugar granules {or powdered sugar) dissolve faster in water than a sugar-cube 7

How thousands of folds and subfolds in the small intestine help in digestion ?
Purther, dne to large surface area to volume ratio, friction and sticking effects are also very

important in nanomaterials. Nanomaterials with same dimensions but with different structures may

show different physical properties. Also, as already mentioned, forces among nanoparticles are

determined by the laws of quentum mechanics rather than the classical Newtonian laws of motion.
Truly, “Nanotechnology plays different rules I

1.5 Fondamenial Carbon-based Nanostruciures

Cearbon forms the backbone of biology of life on earth. This is in the form of complex
molecules bonded with other elements, especially, oxygen, hydrogen and nitrogen (e.g. mmcleic
acid, enzymes, proteins, carbohydrates, etc.). It is also a major constituent in the comventional
sources of energy. Further, materials containing carbon, exhibit a wide spectrum of properties.
These properties are due to the following fandamental reasons :

First, carbon atom can bond with many different types of atoms including other carbon atoms by
forming covalent bonds at a time. This helps to form long chaing of atoms, This characteristic results
in verieties of carbon allotropes; namely diemond, graphite, graphene, amorphous and glassy cerbon and
fullerenes, all showing different properties. Second, and most important, peoperty of carbon is that it
bonds strongly to other carbon atoms, by sharing different number of electrons. In fact, this strong
cohesion is responsible for most stable biochemical compounds
necessary for life. This is the reason why catbon is considered as a
basis for the chemistry of life.

Due to versatile character of the carbon, we shall now discuss
its nano-scale allotropes.

Fullerene :

The common name for carbon-based nanostructures is
‘Fullerene’. Fullerene is any molecule composed of carbon in the
form of hollow sphere, ellipsoid or tube. Pullerenes are similar
in structure to graphite, which is composed of stacked graphene
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(a monolayer of graphite) sheets of interlinked pentagonal, hexagonal, and sometimes heptagonal
rings. The fullerene was discovered by Robert F, Curl, Jr. Harold W. Kroto, James Heath, Richard
E. Smalley and Sean O’Bric in 1985, through their mass spectrograph experiment. It was made
up of 60 carbon atoms (C_) in a dome-shaped hollow sphere (figure 1.3). The suffix “ene” in the
word fullerene indicates that each C-atom is covalently bonded to three atoms with one “double
- bond”

_@:r Information m}

Jt. H. W. Kroto, R. E. Cutd
and R. E. Smalle were awarded |
Nobel Ptize in 1996 in Chemistry ..‘:f

| i &

frur thieir wouk on Pallscones.

Bucky-ball

Fullerene was named after Richard Buckminister Fuller, an archifect known for his design of
geodesic domes similar in shape to spherical C, molecule, Since spherical fullerenes resemble to
the football nsed in Association Football, they are also known as “bucky-ball” (fignre 1.3). It is
about 1nm in diameter,

Existence of fulletene is now identified naturally in candle soot and lightning discharge in the
atmosphere, Recently, in 2010, scientists in NASA have found C, present in a clowd of cosmic
dust surronnding to a star 6500 light years away. According to one belief, bucky-balls that from
outer space have provided seeds for life on Earth |

Bucky-balls with different sumbers of C-atoms, C_, C., C., C, are also reported with
smallest cluster of C,, to largest C,,

Bucky-balls are extremely strong. However, due to special bonding among C-atoms, they cean
easily trap other atoms ar molecules. Their panification is therefore a challenge to sciemtists and
hence they are costly.

—(Fnr Information ﬂnly}

* In 2007, bucky-ball of Boron atoms, B, has been reported.

*  Bucky-ball C_ doped with very few metal atoms, called metallofullerenes, are
also prepared.

Carbon nanotubes

Catbon nanotobes are cylindrical fullerenes. In a sense, they are bucky-balls without the
ends cloging, which form long tube - like structure. Nanotubes of micrometers to millimeters in
length are possible. The carbon nanotube derived from bucky-ball is also called a *bucky-tube”™.
In the year 1991, a scientist of NEC laboratory, Sumio Tijima, prepared and explained the
nanotube structore. Following figure 1.4 conceptualize how nanctube is constructed by stitching
the bucky - balls.

3 ScmncE ANp TECHNOLDEY




Fig. 1.4 Conceptuallzation of a Carbon Nanotobe

Nanotubes can be found with either closed-ends o1 open-ends,
Nanotubes with reducing diameter (thickness) towards one of the ends
can also be designed. Nanotubes with single cylinder (Figure 1.5),
called Single Walled Nanotube (SWNT), and muliiple concentric
nano-cylinders with varying diameters; called Multi-Walled Nanotube
(MWNT) can also be obtained (Figure 1.6).

Carbon nancbuds

Carbon nanobuds are newly discovered allotrope
of carbon in which fullerene ‘buds’ are covalently
attached to the outer part of the carbon nanotobes. This
hybrid material has mixed properties of both fullerenes
and nanotubes required for some special applications
Fig. 1.7 Carbony nanotube - nanobad (figure 1.7).

1.6 Properties of Namotube

These cylindrical carbon molecules have novel properties, making them potentially usefol in
many basic research and technological applications. A few physical properties of carbon nanotube
are therefore listed below :

(1) Tensile anvd Conypressive Strength : Their tensile strength is enormously larse compared to
many bulk materialz incloding steel. This strength resolis from the covalent sp?* bonds between carbon-
carbon atoms. For example, 2 MWNT has teasile strength of 63 x 10° pascal (Pr) which is equivalent
1o having a mass of 6422 kg on a wire with 1 mm? of cross-sectiom ! However, under excessive tengile
strain nanctubes show permenent deformation. Connpared to their tensile strenpth, compressive strength is
low. Also, along the radis] direction nanotmbes are much softer, permitting herncting like a rubber-tube.

(2) Hardness : Hardnesa of a standard SWNT is about 25 x 10° Pa, while its bulk modulus
is higher than the dimnmond. The C,, follerenss in crystalline form, known as ‘Fullerites’ are

AN InTRopvcTION To NANOTECHNOLOGY 7



prepared under high-pressure and high-temperature conditions. They have remarkable mechanical
properties, and hence, they are also named as ‘Ultrahard Fullerites’.

(3) Electrical : Metallic nanotubes can carry electric current of 10° Ampere per cm? cross-
section of the tube, which is 1000 times more than conducting copper metal. MWNT also show

superconductivity upto the temperature of 12 K.
(4) Thermal : The carbon nanotubes have good thermal conductivity along with their length.

For example, SWNT has thermal conductivity of 3500 % . While the same for copper is only

w
385 ‘mK At room temperature. Interestingly, along the axis of the tube, nanotubes are good
insulators. The thermal stability in vacuum is upto 3100 K, but only 1000 K in air.

1.7 Glimpses of The Benefits of Nanotechnology to Mankind

Eversince the production of first fullerene, the science of nanostructured designing evolve
dramatically. As a result, we are able to harvest following benefits of the nanotechnology and
many more to be realized in near future.

The major areas where nanotechnology can bring revolution to mankind are as follows :

I & § 141 [ a F g
Haoalth Qontar »
eaitn Secior :

Higher functional efficiency of nano-devices results into better, cheaper and faster diagnostics
and drug applications. Accurate and precise diagnosis improves medical treatment. It is possible to
design a nano-drug which acts only at the infected site in our body, thus it reduces the side effect
to other metabolic functions. For instance, anticancer nano-drug can be transported to cancerous
cells, and upon excitation through laser beam, these nanodrugs are heated to destroy cancerous
cells. Carbon nanotubes and their polymer nano-composites are suitable scaffold materials for bone
cell proliferation and bone formation.

LNErgy resources
&5J

Due to tunable electrical and optical properties, specially designed nano - materials can
interchange electricity and light with minimum energy loss. They are more efficient than any of
the conventional devices. Carbonic solar cells and hydrogen fuel cells will be shortly commercialized.
Automobile engineering will improve to design lighter, stronger and fuel efficient vehicles. A paper
thin sheet of cellulose infused with carbon nano - tubes act as highly efficient battery.

Qacrnirity -
Security -

Due to lighter yet stronger mechanical properties of nanomaterials, they have found large
applications in security. They are now used to construct light and strong battle tanks, spacecrafts,
bridges, cranks, etc. Weaving them into clothes to create bulletproof clothing is possible. Since
nano-particles have size - dependent melting point, they have found applications in industry as
thermal security devices. Large structure of carbon nanotubes are used for thermal management of
electronic circuits.

8 SCIENCE AND TECHNOLOGY



Other :

Research shows that ultrafast computing systems are possible with nanotechnology. Highly
sensitive chemical sensors are possible which detect even a single molecule among different billion
molecules. Nano-aluminum molecules are chemically so reactive that they are used to control
explosions causing minimum collateral damage. Water purification using the nanotechnology is
beneficial compared to current techniques. Many cosmetic products are now prepared based on the
nanotechnology.

1.8 Importance of Nanotechnology

Various properties of materials such as electronics, thermal, mechanical, optical and chemical
have been vastly improved at the nanoscale. Therefore it is possible to achieve exceptional
performance in components and devices. Tunable chemical property is the great thrust in biological
and medical sciences. Almost in every aspect of life, nanotechnology has important applications,
however, there are certain points of concern. Large doses of specific nanodrugs have shown
toxicity, which may cause damage to genetical functioning. Use of nanotechnology in designing
more destructive weapons should be discouraged.

1.9 What one expect to improve in near future due to nanotechnology ?

Following are the main sectors in which we expect more improvement in near future due to
nanotechnology :
(1) Biotechnology : Anti-aging drugs, Genetic engineering, Gene-therapy, Regenerative
medicine, Synthetic genomics

—
[\ ]
S

Energy : Renewable energy like biofuels, concentrated solar power, fusion power, Grid

energy storage, nanowire battery, wireless energy transfer

(3) Information Technology : 3-dimensional (3D) printing, 3D optical data storage,
Holographic data storage, optical computing, Quantum computing, Quantum Cryptography,
Spintronics 3D - IC (Integrated circuit)

(4) Material Science : Superconductivity at high temperature, superfluidity at high temperature,
multifunction structures, Programmable materials, Quantum dots

(5) Robotics : Nanorobotics, self-reconfiguring, modular robot, Swarm robotics

(6) Others : Projector phone, automatic train operation, driverless car, supersonic transportation,

magnetic refrigeration

1.10 Some Important Areas of Nanotechnology

® Nanotubes and Bucky-balls

® Synthesis and characterization
¢ Nanocomposite

®  Metallic nanotubes

e Bio and carbonic nano-sensors

® Nano energy storage devices

AN INTRODUCTION TO NANOTECHNOLOGY 9
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1.11 Future Challenges Using Nanotechnology

Environmental problems can be solved.

Efficiency of renewable sources can be greatly improved.

It may help to grow life in outer space/planet.

It helps in sustaining the planet for future generation.

i What have you learnt ?

[ ]

@

1nm=10"m

Nanomaterials are manufactured by bottom-up approach, in which positionally
- controlled atom-by-atom nanostructures are fabricated with desired properties.
Size of nanoparticles range between 1-100 nm.

Nanomaterials vastly differ in properties, their preparations, reactivity, in
describing interactions among nanoparticles, etc. compared to corresponding
bulk properties.

Fullerene, Bucky-ball, graphene, metallolfullerences, nanotubes, nanobuds are
some allotropes of carobn nanostructures.

Carbon nanostructures show markedly different physical properties like high
strength, high hardness, typical electrical and thermal conductivity, etc.

Energy sector, security, biotechnology, information technology, Robotics, etc.
are the areas which will improve greatly due to nanotechnology.

10

EXERCISE

Select the proper choice from the given multipule choices :

(1) 10 nanometer = ........ meter

A) 107° (B) 107 (©) 107 (D) 107°
(2) Size of nanoparticles range between .......... nm.

(A) 100 to 1000 (B) 0.1 to 10 (C) 1to 100 D)001to1
(3) Diameter of hydrogen atom is .......... mn.

(A) 1 (B) 10 © 041 (D) 0.01
(4) Carbon atoms form .......... bonds with other carbon atoms.

(A) covalent (B) ionic (C) metallic (D) hydrogen
(5) Fullerene or bucky-ball is made-up of .............. carbon atoms.

(A) 100 B) 20 © 75 (D) 60
(6) Thermal conductivity of standard SWNT along its length is ............ nvl\I,( .

(A) 3500 (B) 385 (C) 35,000 D) 35

SCIENCE AND TECHNOLOGY



2. Answer the following questions in brief :
(1) What is nanoscience ?

(2) Mention the difference between bottom-up approach and top-down approach of
synthesizing materials.

(3) Give two examples of use of nanostructures from earlier times.
(4) Name two microscopes which are used to develop nanostructures.
(5) What are carbon nanobuds ? Explain in brief.
(6) Give account of electrical properties of carbon nanotube.
(7) Name four energy sectors where nanotechnology is useful.
(8) Name important areas related to nanotechnology.
3. Write answer of the following questions :
(1) Explain how surface area to volume ratio is important for nanostructured materials.
(2) ‘Carbon forms backbone of biology of life on earth’. Justify.
(3) Give detailed note on strength of carbon nanotubes.
(4) Write a note on thermal properties of carbon nanotubes.
(5) Explain how nanotechnology will be useful in health sector.
4. Answer the following questions in detail :
(1) Justify the statement ‘Nanotechnology plays by different rules.’
(2) Write a detailed note on bucky-ball.
(3) Write a detailed note on a nanotube.

(4) Show how nanotechnology is important to us.

AN INTRODUCTION TO NANOTECHNOLOGY 11



UNIT

)

LIGHT : REFLECTION AND REFRACTION

2.1 Introduction

The variety of objects in the world around us are visible due to the light entering into our eyes
after its reflection from the object. We cannot see anything in a complete dark place.

Then ultimate question that arises is : “What is light ? How can it reaches to our eyes after
the reflection from the object ?”

Light is an electromagnetic radiation which produces sensation in our eyes. It enters into our
eyes after being transmitted through the transparent medium.

In previous standard, you have studied about some of the aspects regarding the reflection and
refraction of light. In this chapter you will study more about these properties of light.

2.2 Nature of Light and its Basic Properties

Dear students,

As intimated earlier, now you know that light is an electromagnetic radiation producing
sensation in our eyes. The light waves, known to be electromagnetic waves, do not require any
material medium for its propagation (That is why they are also known as non-mechanical
waves) and travel with the speed of 3x108m s™! in vacuum. When such a wave travels through
transparent medium, its speed decreases notably which depends upon the medium. The wave
length of visible region ranging from 4x10~" m to 8107 m is very short compared to the size of
the normal object. In such a situation light waves can be considered to be travelling along a straight
line path joining one point to another.

A straight line path joining one point to another in the direction of propagation of light
is known as ray of light and a group of such rays of light is known as beam of light.

12 SciENCE AND TECHNOLOGY



For Information Only

‘When there is an cbstacle in the
path of motion of light, the light has
a tendency to bend aroumd it, which
is known as diffraction of light. To
explain this phenomenon of light, its
wave nature is comsidered which you |

Ag seen from Figure 2.1, when a — — - - i  Sacied iy
ray of light is incident on a surface :
separting two transparent media Fig 2.1 Reflection, refraction sand sbhsorption
(e.g. air and water), it may be reflected, of light at water suxface
refracted and absorbed partially,

The incident light pets reflected mostly from the completely polished shining plane surface
whereas the lipht incident on the transparent medium is mostly refracted. The mirror through the
reflection of light and a lens through the refraction in a transparest mediom focus the light rays.

‘When many rays starting from one point meet at another point, after reflection or refraction,
the image of the first point is said to be formed at this point. If the rays actoally meet at some point
then the image formed by them is real. If the rays do not meet actually, but appear to meet when
extended backwards, the image is virtual. A real image of an object can be obtained on the screen
while the virtual image cannot be obtained on the screen.

Thus, the image of an extended object with finite size can be obtained by collecting image
points, cotresponding to different points of an object.

23 Reflection of Light ; Regular and Irregular Reflection of Light

Dear student,

As mentioned earlier, we can see the objects around us only due to the reflection of light from
them. If it is not so0, the world wounld have become dark !

A moon in a full swing could not be seen |

Thus, a phenomenon of returning the light from the surface of an object, when the light
incident on it, 15 a reflection of light.

The reflection of light takes place in two
ways : (i} Regular reflection (ii) Imegular reflection

(i) Regular reflection :

When a paralle] beam of light is incident on
shining plane or smooth surface, a beam remains
perallel after reflection in a specific direction. Such
reflection of light is called regular reflection. The
reflection of light by a mimor is an example of
regolar reflection (Figure 2.2).
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(il} Irregular reflection : When a parallel beam
of light is incident on rough or irregular surface, the
region after reflection. Such a reflection of light is
known as an irregular reflection (Figure 2.3).The Gl
object around us such as book, chair, table etc. can
be seen as a result of irreguler reflection of light,

Fig. 2.3 Irregular reflection of ight
2.4 Lawa of Reflection
Before we state the laws of reflection,
Normal drawn let us revoind the terms assoriated with them,
to suface /-

v Angle of incidence (8) :
Incident - /" Reflscted The angle made by an incident ray with

s \ 8 O Tays the normal drawn at the point of incidence is
\.{_.-N:,-.y- known as angle of incidence (8.).

Angle of reflection (9) :
T T S T ot i T Swtuce The angle made by reflected ay with
T T the normal drawn at point of incidence is
huwnasanglenfreﬂwﬁon(ﬂg.

In figure 2.4, 0. represents angle of incidence and 8 represents angle of reflection. The laws
of reflection uwsing above terminology are stated as under :

(1) The angle of incidence is equal to angle of reflection ie. €, = 0.

(2) The incident ray, the normal to the mirror at the point of incidence and the reflected ray
all lie in the same plane.

The laws of reflection are equally applicable to plane as well as spherical mirrors. Moreover,
they are also epplicable to regular as well as imegular surfaces.

2.5 Reflection by A Plane Mirror

Az shown in Figure 2.5, an extended object AO of height h represented by an amrow is kept
in front of a plane mimor MM’ at a distance .

Here, each small portion of an extended object facing the mirmor acts like a point zource, the
position of an image obtained in this way is located by the following way :

The incident rays AN and AQ are drawn from points A of the object.
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The corresponding reflected rays
NA and QR are drawn applying laws
of reflection.

As the reflected rays NA and
QR are divergent rays, they cannot
meet in front of the mirror, but they
intersect at A’ in extending them
behind the mirror which is shown in
Figure 2.5. Thus A' is the virtaual
image of A, In the similar way, all
the point sources between A and O
will form corresponding images
between A’ and I

It iz clear from Figure 2.5 that

(1) A plane mimror forms virtmal

and erect image AT at a distance v M
fram it. Figore 2.5 Reflsction by n plane mirror

(2) The image AT is formed at the same distance behind the mirror as that of an object AQ
kept in front of mirror.
(3) The size (height) of an image is same as the object but is laterally inverted.

Activity: 1

Stand in front of a plane mitror in your house and observe the image. Now raise
your left hand and observe the image in a mirror.

The virtoal, erect and of same size as the ohject, will be obtained at the same
distance as the object behind the mirror. When you raise your left hand, the image
appears to raise the right hand. This type of image obtained from the plane mimor is
called laterally inverted image.

2.6 Reflection by Spherical Mirror

The spherical mirrars are formed by cutting the circular cross section of spherical shell whose
inner ot outer curved smrface are reflecting.

A spherical mirror having inner curved reflecting surface is known as concave mirror.

A spherical mirror having owter curved reflecting surface is known as convex mirror.

In order to study the reflection by spherical mirmor, we need to understand the definitions of
a few necessary termas.

For this, see Figure 2.6 showing reflection by sphericel mirror.
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Badius of corvatore (B) and centre of curvature of mirror (C) : The radius of a spherical
shell from which the mirror is curved, called radins of curvature (R} of mirror and the centre of
this spherical shell is called cenite of curvatare (C) of mitror.

Remember that cenire of curvature is not 2 part of spherical mimor.

Pole : A centre of reflecting surface of a spherical mirror is called pole (P} of the mimor,

Principal axis : An Q
imaginary line passing through Incident rays \% Conca:
pole (P) and centre of curvatme ?
(C) of mimor is called principal ,
axig of mirrar, Principal axis

Aperture : The diameter of i
the reflecting suface of the mirror
is known as aperture of the mirror.

Prinvipal focns ¢ The point
on the principal axis where the
parallel rays meet after the
reflection from concave mirror or
appear to meet after reflection
from comvex mimor, iz called
principal focus (F) of the mirrar,

Focal length : The distance
between pole (P) and principal
focus (F) of mirror is called focal e +R >
lmgﬂ: Radiwa of corvainne

- Fig. 2.6 Reflection by sphecical mirvor

ve
mirror

P (Pole)

fi
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I
I
|
I
[
]
]
I

The image of an object
formed by spherical mimor can be located by constructing a ray diagram. For this, we may
arbitarily consider a large nmmber of rays emanating from a point, but for the sake of clarity of ray
diagram, it is more convenient to consider only two rays because, at least two rays are requited
to locate the position of an image of point object.

The rays reflected from spherical mirmor in different ways are represented by Figure 2.7 to
2.10.

.

//‘E P
~ R
P F ™
Iy
@ (b)

Fig. 2.7 Ray incident parallel to principal axis
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A tay paralle] to the principal axis after reflection will pass theough the principal focus (F) in
case of a concave mirror of appeats to diverge from the principal foens (F) in case of a convex

midrror (Figuare 2.7).

Encident ray
Incident ray
Reflected ray | -
F e
\ P F
Reflected rmy
@ ,f )

Fig. 2.8 (») Ray pessing throoeh principal focos of comcave mirror
{(b) Ray directed towards principsl forus of conves mirror

A ray passing through the principal focus (F) of a concave mirror or a ray which is directed
towards the principal focus (F) of a convex mirror will emerge parallel to principal axis (Figure
2.8,

Incident rry
Tncident ray
\\ Reflected ray e S
c E P ¢
Reflected ray
(a) ()

Fig. 29 (a) A ruy pascing throogh cemire of coxvalore (C) of concave mirvor
{1 A ray directed toward centre of corvatmre (C) of convex mirror
A ray passing through the cenire of curvature of a concave mirror or directed towards the
centre of curvature of a convex mirror after reflection, is reflected along the same path,

Incident my Incident ray
= GNP P C

O

Reflected ray Redlocted tay

@ (b)

Fig 2.10 a ray ihcldent ohliquely to principal axis Gwards pole of a mirres

LIGHT : REFLECTION AND REFRACTION 17



A ray incident obliquely to the principal axis towards pole (P) of a concave or a convex mirror
is reflected obliguely follows the laws of reflection.

2.7 Image Formation by Concave Mirror

The images formed by a concave mirror MM of a small apertre for different positions of
object AB is shown in Table 2.1,

Table 2.1 Image Formation by Concave Mirror

(1) Position of an object : At infinity e ';:
Nature : Real and inverted ¢ ¢ }°
Size : Highly diminished (Pointlike)

(2) Position of an ohject : Beyond centre Ray dingram M
of curvature (C) A|,\‘ \A&?
:Ewﬁmorm:nmmue . \E\J;' f,.;” p

corvaturs (C) and focus (F) rf)ﬁ&
Natore : Real and inverted 3
Size : Dimtinished (small) =

(3) Paosition of an object : At centre of curvature (C) Ray disgram \‘{l

Position of image : At centre of carvature (C) s

Natore : Real and inverted
Size : Same as object

(4) Position of an object : Batween centre

of cutvatore (C) and principal focus (F)

Position of image : Beyond the centre of curvatore (C)

Nature : Real and inverted
Size : Magnified (enlarged)

Bl




(5) Position of an object : At principal focus (F)
Pogltlon of image : At infinity
Nature : Real and inverted
Size ; Highly magnified

(6) Position of an object : Between pole (P) Rey disgram \;2‘
Position of image : Behind the mirror R E
Mature : Virnal and erect
Size : Magnified (enlarged)

Activity : 2

Hold a concave mirror in your hand and direct its reflecting surface towards the Sun. Then

direct the light reflected by a mirror on to a sheet of paper held close to mirmor, Move the sheet of
paper back and forth until the bright sharp spot is obteined. What do you observe ?

As the paper sheet is at the focus of concave mirror, the light from the Sun is converged at
the focus of the mirror which produces a sharp bright spot. The heat produced due to the concen-
tration of sunlight ignites the paper. The distance of spot on paper from concave mirmmor gives its
approximate focal length.

Actlvity : 3)

Draw a neat ray diagram for the object having 1 em height placed at 6 cm distance from the
concave mirror of focal length 4 cm. Teke any two rays mentioned in Section 2.6 to locate the
image. Compeare your ray diagram with that given in Table 2.1. You will obtain real, inverted and
having height twice to that of an object at 12 cm distance from the mirror (Figure 2.10.1)

M

%

\e

A I

BI - | 1 ﬂﬂ_ . E p

2 ¢ i =

A 5
*._{\
M

Fig. 2.10.1 (Ray disgrem) Image formation hy concave mirror
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2.8 Image Formation by Convex Mirror

The image formed by a convex mirror MM of a small apenrture for different positions of object is
shown in Table 2.2,

Table. 2.2 Image Formation by Convex Mirror

Ray disgmm M

(1) Position of an object : At infinity
Position of image : At focus
(F) behind mirrot
Natore : Virtnal and erect
Size ; Highly diminizshed {point like)

{2} Pogition of an ohject : Between pole
(P) and infinity
Position of an imape : Between pole
(P) and focus (F) behind mirror
Natore : Virtaal and evect
Size ; Diminighed (small)

al

= Activity: 4 )

Hold the cotivex mirror in one hand and hold pencil with its tip pointing upward in
other hand. View its image in the mirror, Is the image erect or inverted ? Is the image
mapnified or diminished ? Now when a pencil is moved away from the mirror, what will
be the change in the position and size of an image ?

The erect and diminished image of a pencil is obtained by a convex mirrer. On
moving the pencil away from the mirror, the size of an image goes on decreasing and it
moves toward the focus.

The full length image of a tall huilding or a tree can be viewed by a convex mirror.
One such convex mirror is fitted on the wall of Agra fort. When you visit the Agra fort,
try to obscrve the full-length imape of distant tall building.

29 Cartesian Sign Conveation for Reflection by Spherical Mirror

As shown in Figure 2.11, the pole (P) of a mirror is taken as the arigin of cartesian co-ordinate
system. The principal axis of the mirmor is taken az X-axis and the axis drawn perpendicular to primcipal
axis at pole (P) is considered as Y-axis,
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is used to represent the distances Direction of Distance:
related with the reflection by A, incident my unas o
spherical mirror. Height upwards POREYE. (4}
(1) The object is on the left g p| Ppodtive () P
. . x-t..,. — — x
side of a mimor means : s
the ligiat rays are incident S ““{_“}“
from the left side of & Al Distance towards
DTroL. left negative (—)
(2) Allthe distances are mea- M
sured from the pole (P) of Fig. 2.11 Cartesian xign convention for spherical mirror
a mirror parallel to the
principal axis

(3) The distances measured in the direction of incident ray (toweard right) are taken positive.

(4) The distances measured in the direction opposite to incident ray (toward left) are taken nega-
tive.

(5) The height measured upward and perpendicular to principal axis is taken positive.

(6) The beight measured downward and perpendicular to principal axis is taken negative.

2.10 ; Mirvor Formula and Magnification of Image

The formula which gives relation between object distance (u), image distance (v) and focal
length (f) of mirror ia known as mirror formula

Aas shown in Figure 2.12, the object AB of height & i3 placed at a distance » from the pole (P)
in front of a concave mitrer of amall aper- M
ture just beyond centre of curvatare (C). \‘%
Therefore, its real, inverted and diminished

—f—

image B'A' of beight A&’ will be formed at a
distance v in fromt of the mirror. >

According to Cartesian sign convention,

Object distance (PB) =—u é

Image distance (PB") =—v

Focal length (PF) = —f

Radins of corvature (PC) =—R. M

Eh:h

It iz clear from the geometry of
Figure 2.12 that right angle AABP and
AA'B'P are gimilar.

(See the following figure tounderstand.)

|
I

|

i

]

|

i

]

I

i

|

1

R >
|

iy |

T

=

Fig. 2.12 Reflection by a concave mirror
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'_CFQ,‘E" Information ('}uéy)— . A'B" _PB' —v

A " AB  PB -u
"AB 1 (2.10.1)
Bl
B C F = . .
In the similar way A ABC and A A'B'C are similar
. AB_CB 2.10.2
" AB CB (2.10.2)
Al
From Figure 2.12
CB' = PC-PB'= -R-(—v) = -R + v (Do not forget to use sign convention)
and CB = PB-PC = -u-(-R)=-u+R
*. From equation (2.10.2)
A'B' -R+v
= (2.10.3)
AB -u+R
v —-R+v
Comparing equation (2.10.1) and (2.10.3) 4 = L+ R
. —u+Rv=-Ru+vu
S Rv+Ru=2 wy
SRE@+u =2 uw (2.10.4)
. e . . v+u 2
Dividing equation (2.10.4) by Ruv on both the sides, o = R
1 + L 2.10.5
“v u R (2.10.5)

Now when the object is placed at an infinite distance, its image will be formed at the principal
focus (F).

.. Object distance u = « and image distance v = f
Putting these values in equation (2.10.5)

1 1 2
—_ 4t — ==
f = R
.1 _ 2 L1
trcr (=0
R
o f = 2 (2.10.6)
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This shows that the principal focus (F) is a mid point between pole (P) and centre of
curvature (C) along principal axis.

Substituting the value of R from equation (2.10.6) into (2.10.5)

1.1 (2.10.7)

This equation is known as mirror formula.
This mirror formula is true for both types of spherical mirrors for all the positions of object.
Magnification of an image
The ratio of height of image to the height of an object is known as magnification of an image
which is denoted as m.

_ Image height _ '

Object height & (2.10.8)

From figure 2.12,

A'B' PB' , , _ _
“AB _ PB Where A'B' = Image height (h’), AB = object height (k)
PB' = Image distance (v), PB = object distance (1)
KB _-v_ vy
T TL T w (2.10.9)

v
From equations (2.10.8) and (2.10.9) m = .

Now according to cartesian sign convention, A'B'=—h'and AB=h

-4
.. Magnification .. m= 7 (2.10.10)
Note that the object height (k) is always positive.
The image height (4") will be positive in case of erect image, hence its magnification will be positive.
The positive value of magnification represents virtual image of an object.

The image height (") will be negative in case of an inverted image, hence its magnification will
be negative.

The negative value of magnification represents real image of an object.
Now consider the case of a plane mirror.
In this case, Image height (#') = object height (k)

sm=+1
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Therefore, the image formed by a plane mirror is virtual, erect and of the same size as the object.

1
magnification m = ——
u

v
+1=-2
U
SV =—U

This shows that the image formed by a plane mirror is at the same distance as the object but
behind the mirror.

In case of plane mirror try to obtain the position of an image using mirror formula.
The following Table 2.3 shows the type and size of an image and the type of mirror correspond-
ing to magnification value (m).

Table 2.3 Magnification and Type of Image and Mirror

Number | Magnification (m) Type of image and its size Type of mirror

1 +1 Virtual, erect and of Plane
same size as an object

2 -1 Real, inverted and of Concave
same size as an object

3 > 1 and negative Real, inverted and magnified Concave
4 < 1 and negative Real, inverted and diminished Concave
5 > 1 and positive Virtual, erect and magnified Concave
6 < 1 and positive Virtual, erect and diminished Convex

Verify this table by comparing the images formed by concave and convex mirror given in Table
2.1 and 2.2.
Mlustration 1 :
Determine nature and size of image, and the type of mirror for the image formed by
mirrors corresponding to magnification values + 1, - 1, + 0.5, — 0.5 + 5.0 and - 5.0.
From the above Table 2.3, solution will be as under :
Number Magnification (m) Nature and Size of Image Type of Mirror
1 +1 Virtual erect and of Plane
same size as an object

2) -1 Real, inverted and of Concave
same size as an object

3 + 0.5 Virtual, erect and diminished Convex

4 -0.5 Real, inverted and diminished Concave
5 +5.0 Virtual, erect and magnified Concave
6 -5.0 Real, inverted and magnified Concave
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Mlustration 2
An object of 4 cm height is placed at a distance of 18 cm from concave mirror having focal
length 12 cm. Find the position, nature and height of the image.

Solution : Object height =4 cm
Object distance u = — 18 cm
Focal length f=—12 cm

Magnification m=—2 =+ =2
agnification =t s

= From m=—
h

hh=mxh =-2x4 =-8cm
This forms real, inverted and enlarged image of an object beyond the centre of curvature (C) at
36 cm from the pole.
Ilustration : 3

A convex mirror is fitted on an automobile with focal length of 3 m. If a vehicle behind is at
a distance of 5 m, determine the position and nature of an image.

Solution : Object distance u =—5 m
Focal length f=3m
From mirror formula
1 1 1
—_ + —_—
v u f
11 1 1 1
m==—= = Z 4+ =
v f u 3 b
1_8
v 15
15
V= 3 = 1.875 m
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Here, v i3 positive and v < u
L mel
Therefore, virtnal, erect and dimminished image behind the convex niirror is obtained at a distance
1.875 m from the mimror,
2.11 Refraction of Light and Its laws

You have studied refraction of light from prism and rectengular glass slab in Standard 8.

When a my of light enters obligue from one transpanent medivm to another transparent medinm,
its velocity changes due to which it gets deviated from its original direction at the surface separating
two media. This phenomenon is called refraction of light.

Experiments show that the refraction of light oceurs according to certain laws which are shown
as under :

(1) The incident ray, the refracted ray and the normal to the surface separating two media at the
point of incidence all lie in the same plane.

(2) The ratio of sine of angle of incidence to the zsme of angle of refraction remaina constant
subject to certain sitoations. This law is known as Snell’s Law of Refraction.

Remember that this law holds for a given colour (wave length) of light and for a given pair of
media.

Ag shown in Figure 2,13, an incident ray PQ is incident at a point Q on the surface separating
mediom 1 and medium 2. QR is the ray refracted from the surface and MQN ia the normal to the
surface at the point of incidence Q.

From Figure 2,13,

£ PQM = angle of incidence (8,)

and Z RON = angle of refraction (0,)

According to Snell’'s Law,
3108, _ constant @.11.1)
8in@,

The constant in equation (2.11.1) is known as
refractive index of medium 2 relative to medium 1 and is
denoted as n,,.

. 506,
<Py = sind, (2.11.2)

In terms of ratio of velocity of light in two media, the
refractive index of light is represented as under :

The ratio of velocity of light v in medium 1 to the velocity of light v, in medimm 2 is called
refractive index of medium 2 with respect to medimm 1.

Figore 2,13 Refraction of Hght

¥
M=f 2.11.3)
X

26 ScENCE AND TECHROLOGY



In vacuum, light travels with the speed of 3 x 10%m s™'. In air the speed of light is marginally
less compared to that in vacuum. Therefore, in practice, the speed of light in air is considered same
as that in vacuum.

The refractive index of the transparent medium with respect to vacuum is called an absolute
refractive index of a medium. It is commonly known as refractive index.

Let n

absolute refractive index of medium 1 = )= absolute refractive index of medium 2

1%
1

and ¢ = velocity of light in vacuum then

velocity of light in medium 1 v, = velocity of light in medium 2

n =2 n =2
1 ¢! and T2 V2
n, clv,
 =2=22
n  cly
oy =t = 2114
' n v (2.11.4)
. n, _ sinG,
From equations (2.11.2) and (2.11.4), m _sin92
. n, sin®, = n, sinf, .. (2.115)

The equation (2.11.5) is called general form of Snell’s Law.
The absolute refractive indices of some useful material media are given in Table 2.4

Table 2.4 Absolute Refractive Indices of Some Material Media

(For Information Only)

Material Medium | Refractive Index Material Medium Refractive Index
Air 1.0003 Crown glass 1.52

Ice 1.31 Canada Balsam 1.53

Water 1.33 Rock salt 1.54
Alcohol 1.36 Dense flint glass 1.65
Kerosene 1.44 Ruby 1.71
Glycerine 1.47 Saphire 1.77
Normal glass and 1.50 Diamond 242
Benzene

When a light ray travels from optically rarer to optically denser medium, it moves toward the
normal and when it travels from optically denser to optically rarer medium it moves away from the
normal.
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Remember that optical denser and optical rarer property of media are related to their refractive
indices. The optical denser medium has larger refractive index compared to optical rarer medium.

It is to be noted here that the medium that has larger mass density is not necessarily optically
denser. For example, kerosene is optically denser than water as it is having larger refractive index
(Table 2.5) though its mass density is less than that of water. (Generally, in practice mass density is
considered as the density of a material.)

Nlustration : 4

Light enters from air to glass having refractive index 1.5. What is the speed of light in
glass ? The speed of light in vacuum is 3 x 10° m/s.

Qr )
S0oluiion :

Absolute refractive index of glass

n="S and c¢=3x 108 m s}
y
C
SV =—
n
3 x 10°
—_ _1 frd
15 ms- (n=1.5)

=2x 10® ms!
Mlustration : 5

A light ray enters from air to the water medium having the absolute refractive index 1.33.
If the angle of refraction of light is 17° 30°, what will be the angle of incidence at the surface
seprating the two media ?

Take absolute refractive index of an air as 1.00.
Taking air as medium 1 and water as medium 2,
n=1n,=133 9,=17°30
According to Snell’s law
sin O, = n, sin 0,
sin 0, = 1.33 x sin 17° 30'
The value of sin 17°30’ is determined from the mathematical table of natural sine.
From the Table of natural sine
sin 17° 30' = 0.3
. sin O, = 1.33 x 0.3= 04
From the table of natural sine
sin 23° 36' = 0.4007
s 0, =23 36
.. Angle of incidence = 23°36’

n,
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2.12 : Refraction of Light Through Rectangnlar Glass Slab

A line drawn on a piece of
paper appears to be raised or shifted
up when a plass slab is placed on it. % 8
7S
F

Similarly any thing lying on the

bottom of a swimming pool appears
to be raised. These facts result due

to the phenomenon of refraction of
light.

As shown in Figure 2.14,

A lipht ray AB is incident at retracted ray
angle O, at point B on the surface
PQ of a glasz slab. After the R
refraction from point B, a refracted
ray BC iz incident at point C on
surface RS at an anlge 0, and

emerges a5 a ray CD from the glass
slab.

Let us determine the direction
of an emergent ray using the laws of refraction.

Here, n =1, for the medium of an air at the surface PQ.
Therefore, from Snell's Laws nlainﬁl =n, sin@,
& sin@, =n, sind, (. n =1) 2.12.1)
Similarly for the surface RS parallel to PQ,

ﬂzﬁnas =n, sin@,

ny = 1 (air) Q

n3 (glasa)

3 =1 (ait)

D
Fig, 2.14 Refraction of light through
rectanguler glass dab

l':zsi.i:lﬂ3 = xin@Q, (n, = 1 for an air)
an, gin@, = sinb,; (0, = O, as they arc alternate angles) (2.12.2}
From equation (2.12.1) and (2.12.2)
gin, = sinf,
&S B =8, (2.12.3}

It is clear from Figure 2.14 and equation (2.12_3) that the emergent my (D travels in the same
direction as an incident ray AB, but it is displaced by a perpendicular distance CE.

Thus, when a ray of light is refracted from two parallel refracting surfaces, the emergent ray is
displaced fiom the direction of incident ray, This kind of displacetnent is called Lateral shift. The
amount of leteral shift depends upon perpendiculer distance between two parallel refracting surfaces
as well as upon the angle of incidence and refractive index of medium,
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= Activity : 5 ;
Place arectimpular glass slab on a piece of paper and draw outline of the slab with a
pencil. Fix two ping on one side of a dlab. Fix other two ping on another side of alab such

that all four pins appear to be on a straight line. Trace the path of a tay after removing ping
and alab. Take other rectangmnlar glass slabe of different size and prove that the extent to

which lateral shift produced depends upon the perpendicular distance betoreen two parallel
refiacting surface.
213 Image Formation by Convex and Concave Lens

Let us remember the definition
of some of the terms associated with
the lens to understand the image for-
mation by lens.

For this consider the Fipure 2.15
showing the imape formation by
convex lens.

The centres of the respective
| spheres of which the surfaces of a lens

can be considered as part, are the
Fig. 2.15 Image formation by eonvex lens cenires of curvature of the respective
surfaces,

Focal ‘rl_mgth

F

Radiuns of Corvature (R)

The radii of spheres from whrich the cutved smfaces are formed are known as radii of that sorface
of the lens. The radii of the curvatnres of the two surfaces are R and R,

Principal Axis of A Lens

An imaginary siraight line passing through the centres of corvatore of lens is called principal axis.

Optical cemixe

The central point of a lens on principal axis is called an optical centre of lens. It is denoted
as O.
Principal focus ;

‘When rays parallel to the principal axis of convex lens are refracted throngh lens, they converge
at a point on the principal axis, This point is called principal focus of a convex lens. A convex lens has
two principal focii F and F, on either side of lens.

The rays parallel to the principal axis of concave lens are refracted such that they appear to be
diverging from a point on principal axis. Such point is called focus of concave lens. Concave lens also
has two focii F| and F, on either side of lens.

Focal kangth () :

The distance between optical centre (O) and principal focuz (F) is called focal length of a lens_ Tt
is denoted by .
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To locate the image formed by spherical lens, a my diagram iz constructed by considering any
two of the following mays coming from the object point,

A ray of light from the object paralle] to the principal axis of convex lens passes throngh the
principal focus after refraction from convex lens on other side of lens (Figure 2.16 (a)).

In case of a concave lens, the ray appears to diverpe from the principal focus located on the same
side of lens as the object (Figure 2.16 (b)).

®
Fig. 2.16 Ruy Incident Paxallel to Principal Axix
A ray of light passing through a principal focus after refraction from a convex lens will emerge
parallel to principal axis (Figure 2.17 (a)).

A ray of light moving toward the principal focns of a concave lens will emerge parallel to prin-
cipal axis (Figure 2,17 (b)),

\\ |

®)

Fig. 217 () Ray paming throngh principal focns of comvex lens
(b) Hay passing toward principal focos of concave Jens

A ray of light passing through the optical centre (O) of convex or concave lens will emerge
without any deviation. (Figure 2.18 () and 2.18 (b)).

@) (b)
Fig. 2.18 Ray Passing Throngh the Optical Centre of Lens
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Image Formation by Convex Lens

The table 2.5 shows the image formation by a convex lens for different situations of and

extended object AB.

Table 2.5 Image Formation by Convex Lens

1)

Bay diagram

Position of an ohject : At infinite distance

Pogition of image : On other side of lens
at principal focus (F)

Nature : Real and inverted

Size : Highly diminished (point size)

2)

Position of an object : Beyond the 2F

Position of fmage : On other side of lens between principal focus (F) and 2F
Nature : Real and inverted i
Size : Smaller than object

(3)

Position of an object : At 2F
Ptﬁthmufmm'onmhﬂﬁdenflmxatﬁ
Natore : Real and inverted

Size ; Same size as the object ‘\\L
K, B

4)

Position of an ohject : Between principal focus (F) and 2F
Position of image : On other side of lens beyond 2F
Nature : Real and inverted T
Size : Magnified (enlarged)
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(5) Position of object : At the principal focus (F)

Pogition of image ; At infinity on the other side of lens. Ray diagram
Nature : Real and inverted A
Size : Magni B ;

grified enlarges) Il-’1 3 R zﬁ:

H"‘“—a
o
RKH\E
\\N

(6) Position of object : Between principal -
focus (F) and optical centre (O}
Position of image : On the same side
of the lens as the object beyond 2F B 3F
Natore : Virmal and erect
Siwe : Magnified (enlarged)

Activity : 6
Hold a cotrvex lens in your hamd facing a distant object such as a pole. Move the lens
back and forth gradually to get a sharp image of the distant object on the wall or screen.
Measure the distamees of screen from the lens wsing meter scale. The distance between
screen and lens will give an approximate focal length of a convex lens. If you direct a
convex lens towards the sun and get sharp bright spot on paper sheet, the paper stafs
bing with amoke. The beight spot on paper sheet is the real image of sun where the
patallel rays from sun are concentrated and gencrates heat.

Image Formation by Concave Lens

The Table 2.6 shows the image formation by concave lens for the different positions of an
extended object.

Table 2.6 Image Formation by Concave Lens
(1) Position of ohject : At m infinite distance
Position of image : On the same side of a lens as Rey disgram
an object at principal focus F
Nature : Virtual and erect
Size : Highly diminished B
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(2) Position of object : Between infinite point a0d pyy giagram
optical centre (0).
Position of image : On the same side of lens as "‘"“‘*_a
the object between focus (F) and
optical centre (O).
Nature : Virtual and erect.
Size : Small (Diminished)

Activity ; 7

Take a concave lens and place it on the lens stand. Keep a burning candle on one gide of the
lens, observe its image by looking from other side of lens. Tty to obtain image on a screen if
possible. Otherwise observe the image directly througth the lens. Note the position, nature and
approximate size of the image. Now move the candle away from the lens and note the change in
the size of an image.

What conclusion can you draw from the observations ?

A comcave lens always forms virtmal, erect and diminished image irrespective of the position
of the object.

2.14 ;: Sign Comvention for Spherical Lens

We follow the same zign conventions for spherical lenses as that used for spherical mirrors given
in section 2.9, All the measurernents are taken from the optical centre of the lens. For height of object
and image also we use game sign convention as mirror, Acconding to the gign convention, the focal
length of convex lens is positive and that of concave lens is nepative.

2.15 : Lens Formula and Magnification of Image

The equation which gives relation between object distance (%), image distance (V) and focal
length (f) is kmown as lens formula for a thin spherical lens of small aperture.
M

A ¥ D

Fig, 2,19 Image formation by comvex lena
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As shown in Figure 2.19, object AB of height h is placd just beyond the centre of curvature at a
distance u from the convex lens. Therefore, its real, inverted and diminished image B'A' will be

formed at a distance v on the other side of the lens.
According to cartesian sign convention,
Object distance (OB) =—u
Image distance (OB,) =+ v
Focal length (OF, = OF,) =+ f
From Figure 2.19, right angled triangles A ABO and A A'B'O are similar.

AB OB -u
. _OB _—u 2.15.1)

""AB' OB

Similarly, right angled triangles A ODF, and A B'A'F, are similar.

. Ob _ OF
""AB' EB'
. AB OFZ . .
“ap Ep (OD = AB as they are opposite sides of rectangle [] ABOD)
2
AB OF,

""AB' OB'- OF,

AB
- (2.15.2)

TAB v-f

From equations (2.15.1) and (2.15.2)

S—u(v—f)=vf
So—uv +uf =vf

Dividing each term by wvf,

+

< | =
& | =

(2.15.3)

< | = ]|~

& | =

1
f
This equation (2.15.3) is known as lens formula.
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Magnification of Image :

The magnification of an image formed by lens is defined as a ratio of height of image to the
height of an object.

_ Image height _ A’

. 7 7 m=
. magnification Object height & (2.154)
In terms of object distance (u) and image distance (v)
v
Magnification = ”
AB =h AB' = -H
. From (2.154)
m="" 2.15.5
P (2.15.5)
y_Zk 2.15.5
» P (2.15.5)
As u is negative and v is positive. So, magnification
m = (2.15.6)

u

2.16 Power of Lens

The ability of a lens to converge or diverge light rays depends on its focal length. The convex
lens of short focal length bends the light rays through large angles by focussing them closer to the
optical centre. Similarly concave lens of very shorter focal length causes higher divergence than the
one with larger focal length. The efficiency with which a lens converge or diverge the light rays is
expressed in terms of its power.

The reciprocal of focal length of the lens is called a power of lens (p).

p = f . (2.16.1)

The SI unit of power of lens is dioptre and is denoted by symbol D.
1D means the power of lens having 1m focal length.

Power of convex lens is positive and that of concave lens is negative. The optician prescribes
corrective lens by indicatng their powers. The lens of power + 2.0 D represent the convex lens of
focal length 0.5 m. The lens of power - 2.5 D represent the concave lens of focal length —0.4 m. The
instrument used for measuring the power of lens is known as dioptremeter.
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Many optical instruments consist of number of lenses. The combination of lenses increases

magnification and sharpness of the image.

The resultant power (p) of lenses placed in contact is given by the algebraic sum of their
individual powers p Y P Jpe:

Pr=NppsEEpREREIE T

The use of power instead of focal length of lenses is convenient for opticians. During the
eye testing, an optician puts several different combinations of corrective lenses of known power
as the total power is the simple algebraic addition. For example, combination of lenses of power
+ 2.0 D and + 0.25 D is equivalent to single lens of power + 2.25 D. The certain defect in the
images produced by a simple lens can be minimised by combined lens system. Such systems are
commonly used in the design of camera lenses and in the objective lenses of compound micro-
scopes and telescopes.

Illustration : 6

A convex lens forms a real and inverted image of an object at a distance of 40 cm from it. What
will be the distance of an object if size of an image is same as the object ? Determine the power of lens.

Solution :
As size of image = size of an object
. m = — 1 for convex lens
-~ Object distance u = Image distance v
from m =~
u
u=-40 cm

1

1 1
Substituing the value of u and v in formula of lens : 7= = ?

1 1 1 1 1

i e e
40 40 f 20 f
. Focal length of lens f =20 cm =0.2 m
—l—i—+50D
~. Power of lens = P 702 .

Ilustration : 7

A concave lens has a focal length of 20 cm. At what distance should the object from the
lens be placed a so that it forms the image at a distance 10 cm from the lens ?
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Solution : Image fromed by concave lens is virtual, erect and on the same side of a lens as an
object.
Image distance v=—-10 cm

Focal length f =—-20 cm

111
f v u
1.1 1
‘u v f
1 101
Tu 10 20
-1
20
*u = —20 cm

.. The object should be 20 cm from concave lens on left.

IMlustration : 8

The object of 5 cm height is placed at a distance 25 cm from the centre of convex lens of
focal length 10 cm. Draw a ray diagram and find position, nature and the size of an image formed.

Solufion :

Take a scale 2.5 cm = 1 unit on principal axis and draw a ray diagram. The ray diagram will
be number 2 of Table 2.5.

This shows that real, inverted and diminished image of an object is formed on other side of lens
at a distance of 8.3 cm from the lens.

2.17 Optical Instruments
On the basis of images formed by convex lenses by keeping the object at different positions, we
shall discuss some optical instruments as under :
(1) Simple Microscope

When an object is placed between optical centre and focus of a convex lens, its virtual, erect and
magnified image behind the object, is obtained. Simple microscope works on this principle.

A convex lens used for obtaining magnified image of the object is known as a simple microscope.

(2) Compound Microscope

The simple microscope cannot form clear magnified image beyound certain limit. The com-
pound microscope having two lenses can form the magnified image of the object with better clarity.
The ray diagram for the compound microscope is shown in Figure 2.20.
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The lens towards the
object is called objective lens
and the lens near the eye is
called eye piece. The focal
length of objective lens is
sinall compared to the eye
piece.

Working :

The object AB to be
observed is placed at a
distance slightly more than
focal length (f)) of objective
lens so that its real, inverted
and magnified image A'H’ is

A"

Fig. 2.28 Ray Diagram of compound Microscopes

obtained beyond the centre of curvature (C) of objective lens. The image A'B' becomes an object for
the eye piece, The position of an image A'B’ is adjusted such that it will be within the focal length ()
of eye piece. The eye piece forms virtual, erect and mageified image A"B" of the object.

Thus, the final image formed by compound microscope is virtoal, inverted and magnified behind

the object.

(3) Astronomical Telescope

The far distant objects such as planets, stars and moon ete. appear very small and close to each
other, They can be observed by astronomical telescope.

The ray diagram for
astronomical telescope is
shown by Figure 2.21.

Construction i
Astronomical telescope has
co-axial arrangement of two
convex lenses. Lens towards
the object is called objective
lens and the convex lens
near the eye is called the eye
piece.

The focal length of
objective lens (f)) is large as
compared to the eye-piece.

Light : Reflection and Refraction

Fig. 2.21 Ry Disgram of Asironenical Telescope



Working :

When telescope is focussed on a distant object, parallel mys coming from the object form real,
inverted and diminished image A'H'. This image acts as an object for eye piece mranged in such a
way that its virtual, magnified end erect image A“B" will be formed.

Thus final image of object iz virtual, inverted and diminished

For Infermation Only

Telescope used for the observation of distant object on earth is onvown as terrestrial telescope.
One more convex lens is
introduced between objective
lens and eye piece so that the
final image of an olyject ia erect.
The astronomical telescaope
forms inverted image of the
object.

Hubble telescope was
Lnmiched into arbit arcond earth
in 1990 to obtain the
information about universe in
the visible, infrared and
ultraviolet region of an
electromagnetic spectrum. It is named after the well known American astronomer Sir Edwin Powell
Hubble {1889-1953).

The various centres for Astronomy and Astrophysics in India use Radio Telescopes for their
research programmes. Giant Meterwave Radio Telescope (GMRT) world’s largest array of radio
telescope, is situated at Narayangaon, B0 kon from Pune, India. It is an institule of international
acclaim, where aziranomers from all over the world visit and use GMRT to observe many astronomical
objects such as Galaxies, Pulsars and Supernovae. GMRT is a unique facility provided by National
Centre for Radio Astronomy (NCRA), a branch of Tata Institute of Fundamental Research (TIFR),
Bombay.

Some other well known cemtres in India are at Ooty (Tamilnadu) Gauribidnaur (Kamataka),
Girshikhar, Mount Abm (Rajasthan), Kodaikanal (Tamilnadu) that offer facilities of radio telescope.

"

 What have you learnt ?

@  Light is an electromagnetic wave which produces sensation in our eyes.

s Light travels with the speed of 3 x 10* m s™ in vacunm.

s A siraight line path joinitg one point to another in the direction of propagation of light is
called a ray and a bundle of such rays is known as a beam of light.

® A mirror can focus the bean of Lipht through reflection whereas a lens can focus the beam of
light through refraction.
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In regular reflection, a beam remains parallel after reflection whereas in irregular reflection
beam spreads over wide area after reflection.

The images formed by plane mirror is always virtual and erect.

The phenomenon due to which the right side of an object appears as left and left side of an
object appears right is called lateral inversion.

A concave mirror has inward reflecting surface and convex mirror has outward reflecting
surface.

The concave mirror forms real as well as virtual image. The convex always forms virtual and
erect image.

Focal length is positive for convex mirror and convex lens.
Focal length is negative for concave mirror and concave lens.
The distance of an object is always negative while its height is always positive.
Radius of curvature = 2 x focal length.
1 1 1 1 1 1

Mirror formula: —+ — = Lens formula — — — =
v u f v u f

Rules for ray diagram to locate the image formed by concave mirror :

(1 A ray of light parallel to the principal axis, after reflection passes through the principal
axis.

(i) A ray of light passing through the principal axis of a mirror, gets parallel to the principal
axis after reflection.

(iii)) A ray of light passing through the centre of curvature of mirror is reflected along the same
path.

(iv) A ray of light incident obliquely towards the pole of mirror reflects obliquely as per the
laws of reflection.

The ratio of the height of image to the height of the object is called the magnification of an
image.

Magnification is positive for virtual image and negative for real image.
i e . vV . : v
Magnification for mirror : m = — = Magnification for lens : m = =

The phenomenon of change in velocity of light from one transparent medium to another is
called refraction of light..

The angle formed between the incident ray and the normal at the point of incidence is called
angle of incidence.

The angle formed by refracted ray with the normal at the point of incidence is called angle of
refraction.

When a ray of light passes from a rarer medium to denser medium, it moves towards the
normal.

v
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normal.

sin i

n=—
s r

rarer.

o  Snell’s law of refraction :

e  When aray of light passes from a denser medium to rarer medium, it moves away from the

o The ratio of speed of light in vacuum to the speed of light in a medium is called the absolute
refractive index of the medium.

e  The shift of emergent ray side ways from the direction of incident ray is called lateral shift.

o The extent of lateral shift depends upon angle of incidence, refractive index of medium and
the distance between two parallel refracting surfaces.

o  The optically denser medium has larger absolute refractive index compared to optically medium

e The convex lens converges the ray of light whereas cancave lens diverges a ray.

e  Power of lens is the reciprocal of its focal length. Its SI unit is Dioptre.

~

e Nature, size and position of images formed by concave mirror :

Position of Object Position of Image Nature of Image Size
(1) Atinfinity At focus F Real and inverted | Highly diminished
(2) Beyond C Between C and F Real and inverted Diminished
(3) Atcentre of At centre of C Real and inverted Same as object
curvature C
(4) BetweenCandF| Beyond C Real and inverted | magnified
(5) AtfocusF Atinfinity Real and inverted | highly magnified
(6) Between pole P Behind mirror Virtual and erect magnified
and focus F
e Position, nature and size of image formed by convex mirror
Position of Object Position of image Nature of image Size
(1) Atinfinity At focus F behind mirror | Virtual and erect| Highly dimin-
ished (point sized)
(2) Between infinity Between pole P and Virtual and erect Diminished
and pole Focus F behind mirror

When image formed by convex lens is real, its position, nature and relative size are same
as that by the concave mirror. In concave mirror, the image is formed on the same side of
object whereas in convex lens it is on another side of an object. The optical centre (O) in
the convex lens plays role of pole (P) that is in concave mirror. The images formed byJ

42

Science and Technology



- . . )
concave mirror and convex lens for an object placed at a distance less than focal length
show different characteristic.

e The nature and relative size of an image formed by convex mirror and concave lens are same.
The position of an image formed by concave lens is on the same side as the object while for
convex mirror it is behind the mirror.

® When a convex lens is used for obtaining the magnified image of an object, it is called simple
microscrope.

e The focal length of objective lens is smaller compared to that of eye piece in a compound

microscope.
e The objective lens has larger focal length compared to that of eye piece in astronomical
telescope. . .
Properties of Light
: 3
Reﬂlection Refract}on
d + I 3
Irregular suface Regular Plane Curved surface
(Book,Table chair surface surface (Lens)
etc) (Mirror) I l
| Rectangular glass
slab (Image with
: _ + lateral shift)
Plane mirror Spherical Concave lens Convex lens

Virtual, erect and

mirror
laterally inverted | l / l

1mage Real and Virtual
. v inverted and erect
Concave mirror Convex mirror image image
Real and inverted Virtual and erect
L image image )
EXERCISE
1. Select the proper choice from the given multiple choices :
(1) What is the wavelength range of visible light ?
(A) 4x10"mto 8 x 10'm (B) 4 x10°m to 8 x 10°m
(C) 4x107m to 8 x 10°m (D) 4 x 10°m to 8 x 10°°m

(2) What is the relation between radius of curvature (R) and the focal length (f) of a
spherical mirror ?

(A) R=f2 (B) R=f (C) R=2f (D) R=3f
(3) Which type of reflection will be represented by a light reflected from a book ?
(A) Regular (B) Irregular (C) Both types (D) None
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4)

)

(6)

(7)

8)

©)

(10)

(11)

(12)

(13)

(14)

Through which of the following points, a ray passing through a centre of curvature and
reflected by concave mirror will pass through ?

(A) Focus (B) Centre of curvature
(C) Pole (D) Al

At what distance in front of the concave mirror should an object be placed to get its
virtual and erect image ?

(A) At centre of curvature (B) Beyond centre of curvature
(C) Between focus and pole (D) At focus

The magnification of plane mirror is always ....... .

(A) More than 1 B) 1

(C) Less than 1 (D) Zero

The focal length of plane mirror is .............. .

(A) Zero (B) Infinity

(C) Uncertain (D) Equal to object distance.

The distance between the object at 2 m from a plane mirror and its image is ..............
(A) 4m (B) 1m (C) 2m (D) 3m

At what distance should an object be placed to obtain its real, inverted and of same
height as the object by a convex lens ?

(A) At focus (B) Between focus and centre of curvature
(C) At centre of curvature (D) Between optical centre and focus.
Which of the following materials has maximum optical density ?

(A) Glass (B) Water (C) Pearl (D) Diamond

The absolute refractive index of any medium is always......

(A) 1 (B) >1 (C) <1 (D) Zero

Which of the lenses with focal length 10 cm, 20 cm, 25 cm, and 50 cm has maximum
power ?

(A) 50 cm (B) 25 cm (C) 20 cm (D) 10 cm
What is the focal length of a convex lens having power + 5.0 D ?
(A) —10ecm (B) —20cm (C) + 10 cm (D) + 20 cm

If the absolute refractive indices of water, benzene, and saphire are 1.33,1.50 and 1.77
respectively, then which medium has maximum relative refractive index ?

(A) Saphire relative to water ~ (B) Saphire relative to benzene

(C) Benzene relative to water (D) Water relative to benzenes
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(15)

(16)

(17)

(18)

(19)

(20)

1)
)
3)
@)

®)

©

Y

@®
®

Which type of an image is formed by a plane mirror ?
(A) Real and inverted (B) Real and erect
(C) Virtual and erect (D) Virtual and inverted

If the absolute refractive indices of water and glass are 4/3 and 3/2 respectively, then
what will be the ratio of velocity of light in water to that of glass ?

(A) 2 (B) 8/9 (C) 9/8 (D) 12

The absolute refractive indices of water glass and diamond are 1.77, 1.50 and 2.72
respectively, which medium is most optically denser ?

(A) Water (B) Glass (C) Diamond (D) None

Which of the following always form virtual image ?

(A) Concave mirror and convex lens (B) Convex mirror and concave lens

(C) Convex mirror and convex lens (D) Concave mirror and concave lens
What will be the angle of refraction for the light ray incident normal at the surface ?
(A) 90° (B) 60° (C) 30° (D) 0°

The compound mirroscope consists of two convex lenses of 5 cm and 20 cm focal
length, then which of them will be object lens and eye piece ?

(A) Object lens with 20 cm focal length and eye piece with 5 cm focal length.
(B) Object lens with 5 cm focal leugth and eye piece with 20 cm focal length.

(C) Both should have 20 cm focal length.
(D) Both should have 5 cm focal length.

Answer the following questions in brief :

What is called regular and irregular reflection of light ?
Write the laws of reflection of light.
What are called centre of curvature and radius of curvature of mirror ?

Draw a ray diagram showing position, nature and size of an image formed by concave
mirror when the object is placed beyond the centre of curvature.

Draw a ray-diagram showing position, nature and size of an image formed by concave
mirror when the object is placed between pole and principal focus.

Draw a ray-diagram showing position, nature and size of an image formed by convex
mirror when the object is placed between infinite distance and pole.

Obtain the position, nature and size of an image formed by a plane mirror from the
formula of magnification.

Write laws of refraction of light.

What is called the absolute refractive index of a medium ? Obtain the general form of
Snell’s law in terms of refractive indices of two media ?
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(10)

(11)

(12)

(13)

Draw a ray-diagram showing the position, nature and size of an image formed by
convex lens when the object is placed at centre of curvature of lens.

Draw a ray-diagram showing the position, nature and size of an image formed by a
convex lens when object is placed between its optical centre and focus.

Draw a ray-diagram showing the position, nature and size of an image formed by a
concave lens when the object is placed between an optical centre and infinite point.

What is called the magnification of an image ? Derive the formula of magnification for
spherical lens.

Write answers of the following questions :

)
)
)

4)
o)

(6

Explain the reflection by a plane mirror by drawing suitable figure.
Give the cartesian sign convention for the reflection by spherical mirror.

With the necessary figure, explain the refraction of light through a rectangular glass
slab.

Obtain the lens formula for spherical lens.

Explain how the position of an image is located for spherical mirror by considering the
different rays using necessary ray-diagrams.

Write a note on power of lens.

Answer the following questions in detail :

(1)

)

3)

Derive the formula for spherical mirror
1 1 1

f v u

Explain the construction and working of a compound microscope with a neat
ray-diagram.

Write a note on astronomical telescope.

Solve the following problems :

1)

2)

3)

An object of height 5 cm is placed at a distance of 10 cm from convex mirror of focal
length 15 cm. Find the position, nature and size of an image.

(Ans : Virtual, erect and diminished image at a distance 6 cm behind the mirror.
Height of image = 3 cm)

An object of height 6 cm is placed at a distance of 15 cm from a concave mirror of
focal length 10 cm. Find position, nature and height of an image.

(Ans : v = - 30 cm, height = 12 cm, Real, inverted and magnified)

The rays of light are entering from glass into glycerine. If the absolute refractive
indices of glass and glycerine are 1.5 and 1.47 respectively, find the refracting index
of glycerine relative to glass. Ans : 0.98)
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The refractive index of light entering glass from water is 1.12. Find absolute refractive
index of water if the absoute refractive index of glass is 1.5.

(Ans : 1.34)
When the light entering from glass to water, refractive index of water with respect to

glass is 0.9. The angle of incidence at the surface seprating two media is 26°48’. Find
the angle of refraction at the surface.

Take sin 26°48’ = 0.45 approximately.

(Ans : Angle of incidence = 30°)

An object is placed perpendicular to the principal axis of a convex lens having focal

length 10 cm. The distance of an object from the lens is 15 cm. Find the position of
an image.

(Ans : v =30 cm)

An object is placed perpendicular to the principal axis of concave lens of focal length

30 cm. Find the position of an image when the object is at a distance 20 cm from the
lens.

(Ans : v=—12 cm)

A power of convex lens is + 4.0 D. At what distance should the object from the lens
be placed to obtain its real and inverted image of the same size on the screen ?

(Ans : u = 50 cm. At the centre of curvature of lens)
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UNIT

DISPERSION OF LIGHT AND NATURAL
OPTICAL PHENOMENA

3.1 Introduction

Dear student,

In Chapter 2, you have studied about reflection and refraction of light. In addition to that
position, nature and size of the image formed by mirrors and lenses were also discussed. You have
also obtained the understanding about the formation of the image in Compound Microscope and
Astronomical Telescope using convex lens. This technique is very helpful in understanding the
functioning of lens in human eye. The lens also plays an important role correcting the defect of vision
in human eye. The reflection and refraction of light are very useful in explaining natural phenomena
like the formation of rainbow, twinkling of stars and mirage formation. In this chapter you are going
to study some natural phenomena based on refraction, dispersion and the scattering of light.

3.2 Dispersion of White Light Through a Glass Prism

In the monsoon season the phenomenon of rainbow indicates the fact that “White light is
composed of seven colours”. To understand the dispersion of white light into seven colours
consider the following activity.

r—(Activity : 1)

. Take a glass prism.

. Incident the sunlight on one of the face of prism through a narrow slit.

. Turn the prism slowly until the light is emerged from the prism and capture
on the screen.

. What do you obsevre ?

You will get beautiful bands of different colours on screen. The prism splits incident white light
into seven colours in the sequence, * Violet, Indigo, Blue, Green, Yellow, Orange and Red.” as seen
from Figure 3.1. The acornym “VIBGYOR” is useful to remember the sequence of colours.
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The phenomwmon of splitting of
white light into its constitnent colouxs
is called dispersion of light.

The band of seven colours oh-
tained from the splitting of white light
is called spectrumn.

All the constitoent colonrs of a while Glass prism
light have same velocity in vacuum, Fig. 3.1 Dispergion of whitz light by
When it passes through a transparent the glass prism.

medium like glass, water, glycerin etc.,

their velocity changes and due to that deviation of the different constituent colours occur at different
angles. In a transparent medium, violet coloured light is deviated maximum and the red coloured
light is deviated minimum becanse in a medium, the velocity of violet coloured light is mininmum
and that of red colowred light is mexitmum (Ggure 3.1). Thus, the dispersion of white light occurs
due to the refraction of constituent colours at differsnt angles. In similar way the white light is
obtained by recombination of these seven constituent colours. This 18 explained by the following
activity :

Activity : 2
. Take two prisms P, and P, of same prism angles.
*  Amange them as shown in Figure 3.2,
. Now allow a narrow beam of white light to incident on one face of prism P,.
. Obgerve the beam of light emerging from pirsm P, on nearby screen or wall.
. Show your obscrvation.

AsahminFiguteS.?.,theﬁntmimPl disperses the white Light into seven constitoent
colourz. The second prism P, recom-
bines these seven colours into a beam
of white Hght. Therefore, a white light
is again observed on the screen.

FProm this experiment, Newton
establizshed that a white light is com-
posed of seven constitoent colours.
Thus, the stracture of white light can

be nnderstood through the phenom- Fig. 3.2 Recombination of spectrum of
enom of dispersion of light. white Heht
3.3 Primary Concept of Colours of Objects

The colour sensed by owr eyes depends upon the colour of rays entering into our eyes. Out
of the spectrum of white light obtained by a prism as a band of seven colours, green colour of leaf
and red colour of rose entering our eyes are its known examples.
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To explain why the objects are seen colourful, consider the following activity.

Activity : 3

. Take a torch that produces white light.

. Take blue, green and red coloured plates or transparent papers.

. Obtain green coloured light by passing a white light through green plate.
Incident this light on green coloured object (e.g. green leaf) which will
appear green coloured.

. Now obtain blue and red coloured light in the similar way and incident
them on the same green coloured object which will appear black coloured.

. Now observe the red coloured object under blue and green coloured light
and the blue coloured object under red and green coloured light which will
also appear black coloured.

When the light is incident on the object, the absorption of some colours and reflection of some
colours from the object takes place. The colour of light which is reflected from the object deter-
mines the colour of an object. When the white light is incident on green leaf, all the colours except
green colur are absorbed and the green colour is reflected, so the leaf appears green coloured. Due
to the same reason, the red colour of rose is to be seen.

Now when green coloured light is incident on red coloured rose, it will be absorbed and no
light will be reflected from it, hence it appears black.

When the object appears black coloured, there will be no reflection of any constituent
colour of light.

When all the constituent colours are reflected from the object, it appears white.

Primary colours of light and their superposition :

In the dispersion of white light, we have seen that the white light has seven constituent colours
and from the recombination of these colours white light is obtained.

However, it is not necessary to combine all these constituent colours to obtain white light. The
combination of only red, blue and green in proportion also gives white light.

Thus red, blue and green colours are said to be primary colours of white light.
The method of producing a wide range of colours by the appropriate mixture of these primary

colours is known as an additive mixture method. The colours obtained by the mixture of primary
colours in this way are known as composite colours.

Consider the following activity to know how the composite colours are obtained :

: 4

Activity

. Take three torches and transparent glass plates of red, blue and green colours and
obtain light of these three colours.
. Now place a white paper on a table. Arrange these three torches horizontally on a

table in such a way that the patches of all three colours are seen (Figure 3.3).
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You will observe that,

The portion of the white paper
where all the three patches su-
perimpose on one another will
appear white.

The portion of the screen where
blue and green light supetim-
POse appears cyan,

The portion wherz blue and red
colour supetinpose appeat ma-
genta and it will be yellow at
the superposition of red and
green colout.

Thus, combining primary colours as

P e g

7

primary colonrs

ghown in Figure 3.4 and Table 3.1 shades of different colours are obtained.

White

Fig. 3.4 Mixing of primary colons of Lght
Table 3.1 Superposition of primary and composite colours
Number Colours for mixing Resultant colour
1. Blue, Red Magenta
2, Blue, Green Cyan
3. Red, Green Yellow
4. Blue, Green, Red White
5. Blue, Yellow White
6. Green, Magenta White
7 Red, Cyan White
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Any two colours, which on miving, produces a light of white colonr are called comple-
mentary colomrs.

From Table 3.1, blue and yellow, green and magenin, red and cyan are complementary colours.

Note that mixing of primary colours of light in various proportion pives the entire spectrom
of colours. This technique is used to obtain colourful picture in a colour television, computer etc.

Colonrs and pipments :

The coloured substances whrich are used as a paint are known as pigments. The paints used
for drawing and painting the infrastroctures are well known examples of pigments,

The cyan, magnetn and yellow are the primary pigments.

Just as the white light is obtained by mixing the primary colours of light using additive
method, the white pigment cannot be obtained on mixing the primary pigments. In order to obtain
the various pigments, the substractive method is used for mixing the pigments.

4 N )
Incident

white llsht llsht

.'
lllu

{a) Blne Plgment (b) Yellow Pigment () Blne + Yellow Pignent
Fig. 3.5 : Reflection of light from pigments

Ags shown in Figure 3.5 (a), when the white light is incident on blue pigroent blue, violet and
green colours are reflected and the remeining colours are absorbed. If the white light is incident
on yellow pigment, only vellow, sreen and crange colours are reflected (Figure 3.5 (b)). Thus, the
green colowr of light is not absorbed by yellow and blue pigenent. Therefare, if blue md yellow
pigments are mixed, then they will reflect only green coloured light (Figure 3.5 (c))-

Thus, by substractive mixture method, various pigments are obtained,

3.4 Homan eye

The humen eve is the best natural optical instrument whose construction can be compared
with that of the camera. We can view the wonderfol world around us throngh the eyes.

A simple sketch of human eye along with the labelling of its main parts is shown in the
Figure 3.6.

The light rays coming from the object first enter the eye through comea. A muscolar diaphragm
behind the cornes is known as an iris which can control the amount of light that enters into the
eye. An aperture of an eye belind the cornea at the center is known as pupil whose gize can be
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controlled by Iris. Afier passing through
the pupil, the light rays are incident on a
jelly like elastic materizl known as an
eye-lens. The muscular structures which
hold the eye-lens in its position are known
as ciliary mmscles. They change the focal
lenpgth of an eye-lens by changing its
thickness. Position of image where image
formed due to refraction by eye-lens is
called retina. When the light rays fall on
refina, the light sensitive cells generate
electrical signals. The signals are sent to
the brain through the optic nerves where the image of an object is interpreted.

Accormenodation power of @ eye :

The ciliary nuscles can modify the corvatare of lens of human eye up to certain extent only.
The focal length of lens changes with the change in the curvature of an eye-lens. In the normal
gituation of ciliary muscles, the lens is thin and its focal length is more. This enables eye to zee
the distinct oject clearly. When the ciliary muscles contract, the focal length is decreased due to
the increase in the curvature of an eye lens and an eye will be able to see nearby object clearly.

The ability of an eye-lens to adjmst its focal length as per requirement is called
accommodation power of an eye.

The minimym distance at which the object can be seen clearly without contraction of eye-lens
is called the least distance of distinet vision. Thix distance is also called near point of an eye. For
young adult with normal vision the value is 25 cm.

The farthest distance upto which the eye can see objects clearly is called far point of an eye.
It is infinite for the person having normal vision.

Thus, a person with normal vision can see object clearly from 25 cm to infinite distance.

Defects of visiom smd ite remedies ;

You know that the light raya coming from the object forms the image on retina after being
refracted by an eyelens. To see the clear image of an object, its image should be formed exactly
on retina. When cilliary mmscles emnof change the thickness of eys-lens as per requirement, the
defect of vision arise.

Generally, three main types of common defects of vigion arise in eye :

(i) Nm—mghtednms m‘Myma. (ii) Far-sightedness m‘Hypmnchnpa. (ii) Presbyopm
mmmmﬂnmmmmmmmmmmmmm—m
So the distant object cannot be seen cleardy, this type of defect is called near-sightedness ox
myopia (Figure 3.7). Though nearby object may be scen clearly. This defect can be corrected by
using a concave lens of suitable power az shown in Figure 3.8.

Fig. 3.6 Conztroction of mpman eye
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Fig, 3.7 Defect of near-sightedness Fig, 3.8 Correction (Bemedy) of near-sightedness
ming concave lana

(i) Farsightedneas or Hypermetropia : If the eyelens does not become thick as per
requirement, the rays coming from nearby object will be focussed beyond the retina. Thus nearby
object caxmot be seen clearly, this type of defect of an eye is known as far-siphtedness or
hypermetropia (Figure 3.9). Though the distant object may be seen clearly. This defect can be
corrected by using a convex lens of appropriate power (Figme 3.10).

—6 -6

Fig. 1.5 Defect of far-sightedness Fig. 3.10 Correction of far-sightedness
osing convex lens

(i) Presbyopia : The power of accommodation of an eye usually decreases with ageing, The
near point of aged persons recedes and they find it difficolt to see nearby objects clemly without
spectacles. Moreover, some times they also find difficolt to see a distant object without spectacles.
This defect of an eye arises due to weakening of cilliary muscles and loss of elasticity of eyelens.
This defect is called presbyopia. For the remedy of this defect, spectacles of bifocal lens are used.
Generally upper part bifocal lens is made op of concave lens and a lower part of a small circular
section is made up of convex lens.

In present times, contact lens and laser surgery are widely used to remove the defect of eyes.

When a milky and cloudy layer is formed on the eve lens of old age persons, they loose their
vigion partially or completely, Thiz type of situation iz called catmract. It can be removed by
JUrgEry.

3.5 Formation of Rainhbow

A reinbow is a nahural specttum visible in the sky after ranshower. It is cansed by the dispergion
of sunlight by tiny water droplets present in the atmosphere. A rainbow is always formed in the
direction opposite to that of sun. The water droplets act like small prizms. They disperze the incident
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light first, then reflect it imternally (not necessarily total internal refleciton) and finally refract it again
while it comes out of rain drop az shown in

the following Figure 3.11. Raindrop

The different colours of light enter
into our eye due to the dispersion and Sunlight Imm'l
internal reflection of light. Looking from fﬁ”}:‘;

lower to higher order colours form violet
toward red arc is known as primary

Tinbow. Refraction of Lght
Some times you may have seen two QSP Violet

rainbows in the sky out of which the order

of coloars in upper rainbow is reverse o

the primary rainbow is called secomdary

rainbow.
You may also sec a rainbow on a

gunny day when you lock at a water fall

with the sim behingd you.

Flg. 311 Formation of radnbow

1.6 Atmospheric refraction

The density of earth's atmosphere is non-uniform everywhere as it consists of layers of
different densities. The layer at lower altitnde from the earth has more density than that at
the higher altitude. Az a result of this, the refractive index of atmosphere decreases
continuonsly from lower to higher altitude. Here, the physical situations of refracting medium
{atmospheric air) are also not steady, so the apparent position of the object also fluctuates.
This phenomenon is known as an atmospheric refraction ot the refraction of light by earth's
atmosphere.

The phenomena like twinkling of stars, early suntise and delayed sunset occur due to this
effect.

Twinkling of Stars :

As the stars are very far, they may be considered to be
point scurces of light. When star light passes the atmosphere, : : :
it bends continuously towards the normal il it enters our SRS
eye due to the refraction so that its apparent position is l /
slightly highet than its actual position. Due to the mobility /
of an sir and changes in femperatare, the Teiractive index. Pl
of atmoaphere goes on changing continnonsly and randomly. ’
Therefore, apparent position of star is not sleady, but it
changes slighty. Therefore, the stars look twinkling (Figure Fig. 312 : Twinkling of stars
3.12).
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The planets are nearer to earth so they can act as extended sources. That means they are
considered as a collection of point sources due o which the twinkling does not occur and
hence, the planets do not twinkle.

Early stmrise and delayed sanset :

The sun is visible to us about two minuies
the Sun actual sunsef becanse of the refraction of the light

Rkt Y by an atmosphere.
: Actual sunrise means actual appearance at the
hotizen by the sun. Figare 3.13 shows actual and
apparent positions of sun with respect to horizon.
When the sun is below the horizon, sunlight
reaches to our eyes after being refracted in the
aimosphere. Thus, the sonrise is experienced to
position of sum at symripe, son moves below the horizon, it i seen for two

minutes after sunset.
Thus, the duration of the day increases by four minntes.

3.7 Scattering of Light

The deflection of light by minute particles smd molecules in all the directions is known
a8 scattering of Heht.

The colour of acattering light depends upon size of scatiering patticles. Due to the amall size,
mrimate paticles scatier the: light of small wave length such as bioe colour. The particles with bigger
size scatter the Hght of larger wavelength. If the size of scattering particle is mmch bigger the
scattering Hpght appears white.

Tyndall effect :

The earth’s atmosphete is a hetetogencus mixture of smolke particels, tiny water droplets and
air particles. When light falls on such colloidal particles, the path of Lipht beam becomes visible.
This phenomenon is known as Tvndall effect. The light rays reach us after the deflection of light
in all the directicns from these particles.

When a fine beam of sunlight enters a smoke filled rocm through a small hole, a path of beam
becomes visible due to this phenomenon. Whea the sunlight enters a canopy of dense forest,
Tyndall effect 18 also seen due to the scatiering of light through the tiny water droplets in mist,
Sorme times the smoke emitted by the combustion of engine oil apperars blue in colour due to the
Tyndall effect. This phenomenon is devloped commercially to determine size and deasity of
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Blue Colour of clear Sky :

The molecules of air and other fine particles in the atmosphere have their size smaller than the
wavelength of visible light These particles are more effective in scattering of light of visible shorter
wavelength at the blue end than the light of longer wavelength at the red end The wavelength of
ted coloured light is about 1.8 times tove than that of blue colowr, Thos, when sunlight passes
through the atmosphere, the fine patticles in the air scaiter blue colour more sirongly than red; so
that sky appears blue. If the earth had no atmosphere, the sky would have appeared dark in the
absence of scattering.

Why the sipnal Hghts for danger are red im colour 7

The red coloured light scaiters least by fog or amoke so it can be scen from a long distance.
Therefore, it is used in signals showing danger.

Reddish colour of the sun at sunrise and sanset :

To understand the reddish colour of sun at sunrise and sunset, we consider the following
activity :
Activity : §

. Place a strong source (S) of a white light at the focus of convex lens. (L) as

shown in figure 3.14 to produce a parallel beam of Light.

. Allow the light beamn to pass through a tranparent glass vessel (V) containing clesm
watet.

. Now allow the beam of light to pass through the circular hole {C) made in cand-
board and obtain sharp image of the circular hole on screen using second convex
lens (L,).

. Dissolve 100 g of sodinm thiosuphate in about 1 litre of clean water in tank, Add
1 to 2 ml of concentrated sulphuric acid to water.

. What will be your observation ?

After some time you will see blue colured light when locking from side of a vessel and
the crimson red colour will be seen on screen.

L ‘ A w7
m;ﬂ : S| q
h ! G A | MRS
ST e '\); ,ﬁO
. Unﬂui@alauhﬂm‘
E Soom

Fig, 3.14 Experimental arrangenent for the cheervation of peatiering of Hight
throogh collaidsl sakotion
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Fig. 315 Reddich colour of sum at sumrise and
somset,

The conclusion of this activity is that,
the vessel is seen blue coloured while
looking from one side due to more scattering
of bloe colour among white Kght, while the
light of reddish colour (longer wave length)
is less scattered so that it reaches to the

White Light coming from sun has to
travel more distance in the atmosphere
before reaching to the observer. During this,
the scattering of blue light takes place so
that the light comesponding to reddish colour

reaches to the observer and hemce sum appears reddish. The similar situation also regults at sun set.
Rising and setting of full moon from the hotizon appears reddish due to this reason.

( For Information Only )

particles are shown as under :

{vi) Raman scattering

Dr. Chandraghekhar Venkat Raman presented his paper
“Scattering of light.” on February 28, 1928. For this outstanding
work he was given Nobel Prize in 1930. He was the first Nobel
Prize winner in Physics from India. Government celebrates
National Science Day on February 28 every year in his memory.

Various types of scattering based upon size of scattering

(i) Rayleigh scattering (ii) Mie scattering (iii) Tynclall scattering
{iv) Brillouin scattering (v) Scattering of X-rays by crystal planes

D, Chanyirashekhor Venlont Romon

3.8 Totnl Internal Reflection of Light

‘When a ray of light travels from optically denser medium to optically rarer medium, it bends
away from the normal at the surface separating two media.

Az the angle of incidence increases, the angle of

refraction also increases and the ray of light moves farther T

away from the normal after refraction. The angle of [

incidence at which the angle of refraction is 90° is called
critical angle (C). PFor the angle of incidence greater than
cirtical angle, the Light is completely reflected in the denser
medium. The surface separating these two media acts like
a “mimror”. This phenomenon is known as tofal intermal

reflection of light (Fig.3.16).

The sparkling of diamond is also due to total internal
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Mirage formation : Cool air

Mirage iz an optical illusion
usually seen in desert. Tt is also
geen oh coal tar road during

summer, In summer, the air near ’5

the surface of the earth is hotter
than the air above it. Therefore,
the air near the earth is raver then
that above it. So as we move up
above the surface of the eanth,
the refractive index increases
contimously,

As shown in figure 3.17, the

Fig. 3.17 Mirsge Formation.

light rays conring from a point of a tall object like a tree pass through the air of gradually
decreasing refractive index towards the ground, light rays bend gradoally more and more away

from the normal and their angle of refraction
increases pradoally so that they enter
observer’s eye after the total internal reflection
occurs. Thus, the virtual and inverted image
of an object appears to be as it is reflected
from the weter surface.

Looming iz such a kind of mirage
observed in very cold regions in which distant
object appears to be hanging mid way in the
air. It is produced by the total internal
teflection of light (in downward ditection)
caused by atmospheric refraction. The

D

Fig. 3.18 Looming cansed by total
Intesval reflection

looming produces vittual and erect image of an object above horizon where the warmer (optically
rarer) ait remaing above the colder {optically denser) air in the atmosphere (Figure 3.18).

-
What have yon learnt ?

through the glass prism.

accommodation power of an eye.

e,

» The splitting of white Light into its constiment colonirs is known as dispersion of light.
# Tha violet coloured light is deviated maximum and the red coloured light is deviated minimnm

« If all the colours of light are reflected from the object, then it is zeen white. If all the colours
of Light are absorbed by the object, it will appear black.

# Red, green and blue are primary colomrs.

= Magenta, yellow and cyan are primary pigments.

& The ahility of an aye to adjust focal length of the eye-lens as per requirement is nown as

)

4
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The minimum distance at which the nearby object can be seen clearly without contraction of |
an eye-lens is called least distance of distinct vision. It is also known as near point of an eye.

The far distance up to which an eye can see the object clearly is known as far point of an
eye. Generally, far point is at an infinite distance.

An accommodation power of an eye for the person with normal vision is from 25 c¢m to infinity.
The focal length of an eye-lens can be changed with the help of cilliary muscles.

If the eye-lens can not become thin as per requirement, the defect of nearsightedness occurs.
This defect can be corrected using a concave lens of appropriate power.

If the eye-lens can not become thick as per requirement, the defect of far sightedness occurs.
This defect can be corrected using a convex lens of an appropriate power.

Because of the increasing age of a person, the cilliary muscles weakens and the elasticity of
an eye-lens is reduced, so sometimes the nearby as well as far distant objects can not be seen
clearly. This type of defect is called presbyopia. It is corrected using bifocal lens of appropriate
power.

A rainbow is caused by the dispersion, internal reflection and refraction of sunlight by tiny
water droplets present in the atmosphere.

When the light ray passes through the atmosphere, it gets refracted continuously due to the
continuous change in density of atmosphere. This phenomenon is known as atmospheric
refraction of light.

The sun appears two minutes earlier than its actual sunrise and two minutes later than its
actual sun set.

The deflection of light by minute particles and molecules in all the directions is known as
scattering of light. The phenomenon of scattering depends upon the colour of light and the
size of scattering particles.

The scattering by minute and fine particles is more for the light of smaller wavelenght i.e.
for blue coloured light. The particles of large size scatter the light of larger wavelength by
more amount.

When a ray of light travels from denser medium to rarer medium, the angle of incidence at
which the angle of refraction of light will be 90°, which is known as critical angle.

Mirage is an optical illusion generally observed in hot region due to total internal reflection.

Looming is an optical illusion observed in cold region in the atomosphere above horizon due
to the total internal reflection of light.

J
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Select the proper choice from the given multipule choices :

(1) By which optical phenomenon, the splitting of white light into seven constituent colours

occur ?

(A) Refraction (B) Reflection (C) Dispersion (D) Interference.
(2) Which colour of light deviates maximum in the dispersion of white light by prism ?

(A) Violet (B) Blue (C) Green (D) Red
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(10)

(11)

(12)

(13)

(14)

15)

(16)

Which of the following are the primary colours ?

(A) Red, Blue, Yellow (B) Red, Green, Violet.

(O) Yellow, Green Blue (D) Red, Green, Blue.

Which of the following are primary pigments ?

(A) Yellow, Green and Magenta (B) Magenta, Yellow and Cyan
(C) Blue, Green and Violet (D) Red, Green and Yellow.

In human eye, the image of an object is formed at ----------------

(A) Iris (B) Pupil (C) Retina (D) Cornea
Which is the complementary colours of blue colour ?

(A) Red (B) Yellow (C) Green (D) Magenta
Which colour is obtained by mixing the blue and red colours ?

(A) Green (B) Magenta (©) Cyan (D) Yellow.
The focal length of an eye lens is changed due to the action of ---------------—-- .
(A) Pupil (B) Retina (C) Cilliary muscles (D) Cornea.
Which colours are reflected when white light is incident upon blue pigment ?
(A) Yellow, Orange, Green (B) Violet, Green, Blue

(C) Violet, Yellow, Green (D) Yellow, Green, Blue
--------------- lens is used to correct the defect of vision termed as presbyopia.
(A) Convex (B) Concave (C) Bifocal (D) Contact
Which phenomenon does not play a role in the formation of rainbow ?

(A) Reflection (B) Refraction (C) Despersion (D) Absorption

For which of the following cases, the total internal reflection of light will be possible ?
(A) Angle of incidence is less than critical angle.

(B) Angle of incidence is equal to critical angle.

(C) Angle of incidence is more than critical angle.

(D) Angle of incidence is equal to angle of refraction.

Where is the image in eye formed for a person suffering from defect of near sightedness ?

(A) On retina (B) On backward region of retina
(C) On a region ahead of retina (D) On pupil.

Which phenomenon is responsible for the twinkling of stars ?

(A) Atmospheric reflection (B) Atmospheric refraction

(C) Reflection (D) Total internal reflection.

Due to which phenomenon of light does Tyndall effect result ?

(A) Reflection (B) Refraction (C) Scattering (D) Dispersion

What is the time difference between actual sunset and apparent sunset ?
(A) 2s (B) 20s (C) 2 minute (D) 20 minute
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(17) Which colour of light scatters maximum due to atmosphere ?

(A) Blue (B) Yellow (©) Green (D) Red.
(18) Which coloured light has minimum velocity in the glass prism ?
(A) Red (B) Green (C) Blue (D) Violet

Answer the following questions in brief :

(1) What is the dispersion of light ? Which are the colours of the spectrum obtained from
the dispersion through a glass prism ?

(2) Write the name of primary colours of light. Write the name of colours obtained from
their mixture ?

(3 What are called pigments ? Give the names of primary pigments.
(4) Write the function of cilliary muscles and retina in human eye.

(5) What is an accommodation power of an eye ? What is the least distance of distinct
vision ?

(6) What is called atmospheric refraction ? Which phenomenon results from it ?
(7) Give the reason for two minute early sunrise.

(8) What is the scattering of light ? On what factors does it depend ?

(9) Why are the danger signal lights red in colours ?

(10) Why does the sun appear reddish at sunrise and sunset ?

(11) What is the total internal reflection of light ? Give its illustrations.

(12) What is looming ? How is it formed ?

Write answer of the following questions :

(1) Explain the superposition of primary colours of light with necessary illustration.
(2) Explain the function of main parts of an eye by drawing a simple sketch of it.
(3) Explain the formation of rainbow with a neat figure.

(4) Write a note on “twinkling of stars.”

(5) Describe Tyndall effect.

(6) Why does the clear sky appear blue in colour ?

Answer the following questions in detail :

(1) Explain the dispersion of white light by a glass prism using necessary figure.
(2) Describe the fomation of mirage through an appropriate figure.

Answer the following questions pointwise :

(1) What is the defect of vision in the human eye ? State its types and explain in detail.
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ELECTRICITY

4.1 Introduction

Student, have a look at the drawing room of your house. You will see the appliances like
television, fan, tube light etc. Now if you look at your kitchen you will find the appliances like
refrigerator, microwave oven, mixer etc. If you peep into your study room you may see the
instruments like computer, air conditioning machine. In all these appliances, the common thing is
that they all are operated by electricity (electical energy). Now imagine that the electrictiy fails in
our house ! Our situation will be worse. The electricity empowers the places like schools, offices,
industries, hospitals etc. In modern age, the electrical energy among the different forms of energy
has more importance in creating luxurious lives for human beings. Electrical energy can easily be
stored as well as it can be easily transformed into other forms of energy.

In the present chapter, we shall study the concept of physical quantities like electric current,
electric potential, resistance etc. Also we shall get some information about electrical energy and
its uses.

Firstly, we shall know about the foundation stone of electricity namely an electric charge.
4.2 Electric Charge

We have studied in Standard 8 that the small pieces of papers can be attracted by a plastic
comb after combing through dry hair. Similarly, the attractive force results when a glass rod rubbed
with a silk and a plastic rod rubbed with a fur. In this process, the charges resulting on the glass
and plastic rod are of opposite type. During the friction, the glass rod acquires positive charges
while the plastic rod acquires negative charges.

Thus, the electric charges are of two types : Positive electric charge (proton) and negative
electric charge (electron). Electric charge is an intrinsic property of electron and proton like mass,
which is difficult to define.

In SI unit system, charge is measured in coulomb (C). Conventionally electric charge of
proton is considered positive and the electric charge of electron to be negetive. But their magnitudes
are the same.

Charge on proton € = 1.6x107°C
Charge on electron e = -1.6x107°C
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During the interaction among the electric charges, repulsive force is exerted between two like
charges (e.g. electron-¢eleciron or proton-proton) and the atiractive force is exerted between two
unlike charges (e.g. electron-proton). The magnitude of electric force between the charpes can be
calculated from the law devised by French Scientist Charles Coulomb which you will study in
Standard 12,

4.3 Electric Current

We are familiar with the flow of waier, The quantity of water flowing in the dver is called
water cutrent. Similarly, the amount of charge flowing through the conductor (e.g. Copper wire)
is known as electric current.

In atoms, the electrons move around the nucleus whereas the protons remain binded. In the
atoms of metallic materials, under the normal circomstances the attractive force between the valence
electrons (electrons of the outermost orbit) and the macleus (positive electric charge) is comparatively
very small.

During the formation of metallic meterials, these electrons pet separated from their parent
atoms and move in a random manner, Such elecirons are known as ‘Free electrons.”

Such free electrons are responsible for the conduction of electric current. Metallic materials
like copper, silver and aluminium have plenty of such free electrons. The conduction of an electric
current can easily take place in such materials. So they are called “Conductors.” The materials like
rubber, glass, plastic do not have free electrons so the condnction of eleciric current throuph them
is not possible. So they are called “Insulators.”

In Figure 4.1 (a), the random motion of free electrons in a conducting wire is shown. The
motion of electrons is uniform in all the directions, Now think about any one cross-section A which
is perpendicylar to this conducting wire. In any given interval of time, the number of electrons
moving to the right side of cross-section equals to that moving to the left, so that the net quantity
of electric charge passing through cross-secticn is zero. Therefore, the electric current is not formed
even though there is a motion of free electrons in conducting materials. As shown in Figure 4.1
{b), if the energy is provided to the conducting wire through the battery, the flow of free electrons
can be obtained in a contucting wire from negative terminal to pogitive terminal of battery, Thus,
the net quantity of electric charge passing through the cross-section A does not remain zero and
the electric current is said to be formed in a conductor.

@\$.7{' @, @ JEEe e ef
/ ‘,..-l/' — HHA —a
®. & 0 | ® ® o, o__o
€ Positive lonz e Electron + | L=

| | Bastery

[2] Random motion of electron [b] El

Fig. 4.1 Elsetric oorrent in a eondoctor
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Earlier, scientists believed that the electric current results only due to the motion of positive
charges, so the direction of motion of positve electric charges, was considered as the direction of
electric current. But after the invention of an electron by J.J. Thomson (1856-1940), it was to know
that the electric current in the conductors results due to the motion of electrons. At present, we
also take the direction of electric current in the direction of motion of positive electric charge which
is known as conventional electric current. Thus, the direction of conventional electric current is
oppsite to the direction of flow of electrons.

After this primary explanation we shall define electric current.

“Electric current means rate of flow of an electric charge.”

That means, the net quantity of an electric

nductor is defined as electric current.
Quantity of electric charge

Thus, electric current =
time

If Q is the amount of electric charge passing through any cross section of conductor in time t,

== . @.1)

Thus from above equation (4.1), if the quantity of electric charge equals to one coulomb
passing through the conductor in one second, the electric current of one ampere (1A) is said to
flow through the conductor.

In SI system, the unit of electric current is coulomb/second (C/s). In the name of French
Scientist Andre Ampere, it is also represented in Ampere (A)

The small units of electric current are milliampere mA and microampere (UA)
1mA =102 A
1 pA =10°% A

The electric current flowing through the conductor is measured by an instrument called

A
Ammeter.’
1188 Lwi | wi N

If the number of electrons passing through the cross-section of conductor in time t equals to
n, then the quantity of charge passing through the cross-section will be

Q=ne
Equation (4.1) can also be represented as

1= 42)

t

where € = 1.6 x 107 C, charge of an electron.

Mlustration 1 :

If an electric bulb burns on 0.5 A current for 1 hour, how much electric charge will
pass through it ? (e = 1.6 x 10 C)

How many electrons will pass through it ?

Solution : I=05 A, t=1 Hour = 3600 s

From equation (4.1)
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Q=Ixt
= 0.5 x 3600
= 1800 C
From Q = ne
mnfeledronpqulinglhrmghﬂlehulb
0=

e
1800

T 16x10°
= 1125 x 10 = 1.125 x 102 electrons
Niustration 2 :

While connecting a torch with battery, an electric current of 64 mA flows throogh the
bulb. If this torch glows for 10 min, how may electrons will pass throngh the bulb ?

(charge of electron = ¢ = 1.6 X107 )

Solption : I=6dmA=64x10%A, t=10min=10x 0 =600s,e=16x10¥C

fed

t

Ixt

No of electrons = e

Electric current T =

_ 64x10* x10x60
1=
1.6x10™
= 24000 x 106
n = 24 x 10" electrons.
4.4 Electric Potential and Electric Potential Difference

Electric Potential : We have seen that the flow of electric charpe is neceasary to obtain an
electric current. How can this electric charge be made to flow in a conductor 7

To understand this, we shall first understand the flow of water.

Flow of waler
oy @ SO
Vernel A Vomal B

Fig. 42 Flow of water

As shown in Figmre 4.2, pour more amount of water in vessel A and less amomnt of water
in veszel B. Now when these vessels are connected through a tube, the water flows from vessel
A to vessel B.

Hexe, the water pressure is more in vessel A and the waler pressure is less in vessel B,
Thus due to the pressure difference, the water flows through the tube.
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In the similar way, if we produce the electrical potential difference, then the electric current
can be obtained. This difference in the electric potential is known as electric potential difference.
We shall discuss electric potential first.

On bringing some electric charge near any other charge, an attractive or repulsive force exerts
on it. Thus, the work is to be done against this force keeping a charge in equilibrium and to move
another near or far from it. This work is stored in the form of potential energy. This work done
on the charge is called as an electric potential. Electric potential is defined as under :

“The work required to bring the unit positive charge from infinity to any point against
the electric force is known as electric potential at that point.”

Work done (W)
Electric charge (Q)

Electric potential is represented in voltage in the memory of Italian Scientist Alexandro Volta.
Its symbol is V.

Electric potential =

av=X

Q
The SI unit of electric potential is joule/coulomb or volt (V).

Electric potential difference :

In practice, electric potential has no importance, but changes in electric potential are important
which are defined as under :

“The electric potential difference between any two points A and B in an electric field means
the work done to bring the unit positive charge from point A to B against the electrical force.”

Electric potential difference (V) = Work to be done (W)
Electron charge (Q)

av=>

Q

Electrical potential difference, in general, is known as voltage. Its SI Unit is joule/coulomb or
volt.

If the work done to bring 1 coulomb electric charge from one point to other is 1 joule, then
the potential difference between these two points is called 1 volt.

1 joule

1 coulomb

The electric potential difference is measured with the device called voltmeter. The voltmeter
is connected in paralle]l across two points of which the potential difference is measured.

Now, we shall understand from the activity that how potential difference is produced from the
battery.

1volt =

Activity : 1

Volta's Cell :

As shown in Figure 4.3, take solution of dilute sulphuric acid (H,SO,) in a
beaker. Dip one copper plate and another zinc plate in the solution in such a way that
they do not touch each other. These two plates get electrically charged due to the
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process betwesn these two plates amd
the solution. The positive charge at
copper plate and negative charge at

zite plate get deposited. Thus electric J
potential difference is produced ML
between two plates. Positive charge

plate is called positive pole of battery

or anode and the negatively charged  Conven-
plate is called negative pole of battery tional
or cathode. Such simple battery was
invented by Iialian Scientist Alexandro
Volte (1745-1827). Therefore it is also

known a8 Volta's cell. - [ . .

Now connect a small bulb between EEREEE S
these two poles of a battery, See what Capper ZZEZ§z:S
happens. plate SERS ==

You will sce that the bulb will
].ighlnp.HBrﬂﬂ:Eﬂluch'mslunﬁng =S=Z=Z=======:

pegative terminal of battery move @ === |BSSSSSSSsssS
towards positive pole of battery by
forming am electric current in the bulb.
The bulb lights up due (o this electric
current. Thoa, in bulb the electron
flows from negative to positive pole. Flgure 4.3, : Volta’s electric cell
But the direction of conventional

current is opposite to flow of electron,

so it is said that it flows from pogitive

toward negative pole of battery.

The electrons deposited at anode go back to cathode by taking energy form chemicals and
enter the conductor. Thus, the function of baitery is to give energy to electrons contimuously and
to flow the electric current continnsly by keeping them in motion.

Thus, volta's cell converts chemical energy into electrical energy. By commecting more than
one batteries in series the larpe electric potential is obtained and large amount of current is obtained
in a conductor

DNhustration 3 :

How much work is to be done to take 2 C electric charge form the potentinl of 6 V to
the potential of 12 V ?

Solation : Q=2 C
Electric potential difference V=12V -6V =6V

W
Now V = —
Q

S Wk W=VQ=6x2=127J
68 Soxnce avp TECHNOLOGY




4.5 Electric Circnit and Symbaols
When electrical compoments such as

battery, key, bulb, etc are connected through
a conducting wire, then such an arrangement Ful
is called electric circuit. The electtic bulb
glows due to the formation of close loop of I Y
circuit. In the following Figure 4.4, electric
cirenit is shown by repeesenting electrical | ’ ¥R
components with their symbols : Battery | '*h;
The useful symbols for electric cireuit Figure 4.4 Simple electric drenit
ate given in the following Table 4.1
Tahle 4.1 Some nsefnl symbols for electric ciremit
No. | Component Symbod Description
1. | Hectric cell o S Gives elecirical enerpy to circait
2. | Battery +1, | B Gives electrical energy to circmit
(Combination of
electric cells) 4| | A1=__| Varisble battery whose voltage
A value can be changed as per need
3. | Resistance Provides resistance in the path of
electric Current
Variable resistor
4 | Key Key (When open)
Key (When closed)
It iz used to switch on or off.
5. | Connection of Two condncting wires connected at A
other but not connected.
6. | Galvanometer Device to detect the presence of
eleciric cumment
7. | Atmmeter 4 ®A— Device to measure an electric current
8. | Voltmeter + o — Device to measure
- electric potential difference




4.6 Obhm's Law

Is there a relation between the cwrrent (I) passing through the conductor and the potential
difference (V) resulting across two ends ? German scientist George Ohm (1789-1854) derived the
relation between current (T) and voltage (V) which is known as ohm’s law. Perform the following
activity to understand this relation.

r={ Activity : 2

For this activity, take 0.5 meter lang nichtome ®
wire, four to five batterics of 1.5 V, Volimeter, R
Ammeter and key. MMM

As shown in Figure 4.5, first connect Rioatativg i
nichrome wire (Nichrome is an alloy of nickel, —
chromium, manganese and iron) with 1.5v battery ® T
and ammeter. Now connect the voltmeter between £ Varishle Battery
its two ends. !

This experiment can also be perfomed by I/ r,)_
connecting bulb insiced of nichrome wire, Now . *1/ 1 ey K
when the key iz on, the electric current will flow < - .
through the wire. Measure the magnitude of the = o coolt far o faw
current in ammeter and the potendial difference across its two ends in voltmeter and note in the
observation table. Now connect two batteries instead of one and note the magnitndes of current
(I) and voltage (V). In this way, repeat the experiment by connecting three batteries and there
after four batteries.

Observation table :
NumberA No of Voliage across two Corrent flowing Vi

ends of wire (V) throngh wire (I)

_|_

ﬂ-WN—E

o (G| e

Now, from the observations, draw the graph of I
versus V. What is the type of this graph ? S s

This graph will be a straight line passing through g, |
the origin (Figure 4.6). g

The following points are conclnded from the graph :

(i) The electric current in the condunctar increases in g
same proportion with the increase in voltage.

(ii) I — V graph is a straight line,

(iii) The ratio of V and 1 remains constant every
time,

.

M‘
0.1 4
0 15 3 45 ¢

Yoltage (V) ——»
Fig. 4.0 Graph of I vermm ¥V
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From this type of experiment, Ohm deuced the relation between electric current (I) and voltage
(V) which is termed as Ohm’s Law. It is stated as under.

Ohm's Law : “In the definite physical situation the electric current flowing through the
conductor is directly proportional to the potential difference applied across it.

That means, I e« V
It is also written as, V oc 1
s~ V=1IR
Where the proportionality constant R represents the resistance of the circuit.

From above equation,

Voltage (V)
Resistance (R) =

Electric current (T)
The SI unit of resistance is volt/ampere which is known as ‘ohm’. Its symbol is (omega).

~ 1ohm =1 volt / 1 ampere

When 1 volt potential difference is applied across the conductor and 1 ampere current flows
through it then resistance of the conductor is said to be 1.

The symbol —/\/\\/\V— is used to represent the resistance in the electrical circuits.

The resistance of substance depends upon the kind of substance and its physical situation (e.g.
temperature). In metallic substance, the resistance increases with the increase in temperature. In a
conductor, the free electrons collide with the positive ions during their motion so that their motion
gets opposite. Thus, the motion of electrons means the motion of electric current get opposed
which is called resistance of conductor (R).

The metallic substance such as Copper, Aluminium have less resistance. Therefore, we use
the copper wire as a conducting wire. The resistance of insulators is very large. The alloys like
nichrome are used to make resistive wires. The resistors used in instruments like TV, Radio etc
are made from the mixture of carbon and graphite.

Mustration 4 :

If an electric bulb connected to 220 V line draws an electric current of 0.5 A, then what
will be the resistance of filament of a bulb ?

Solution : I=05A, V=220V

vV 220
According to ohm’s law, R = 1° 05" 440 Q

Mustration 5 :

When an electric heater is applied 120 V, an electric current of 2 A passes through it.
If the heater is applied 240 V, how much electric current will flow through it ? What will
be the resistance of the coil of a heater ?
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Solutlon : V. =120V, 1 =2AV, =240V, 1 =7

v, 120
Resistance of heater cail R=f=7=ﬁﬂﬂ

_Vl
an,amordingtnﬂhms‘law,“‘l_
X
L=Y M _4a
R 60
4.7 Resistivity
— Activity : 3 } -
=
/
A—}] —*
P Q L ]
il A 21
®
2A —— } —
{e} Nichrome wire

1.5 Batry Key
Fig. 47. The affect of resistamce om ity sizs.

(i) As shown in the Figure 4.7, connect the resistance wire (nichrome wire) of cross
section (A) and length ! (e.g. 0.5 m) in the circuit between the points P and Q. Now
measure the current (I) and voltage (V) by closing a key and determine the resistance
R, from equstion R = V/I.

(ii) Now connect the resistive wire of cross section A and length 2{ (1m) in the
circuit and determine its resistance as R,

(if) In the same way take the resistive wire having cross-sectional area 2A and
length ! and determine its resistance as R,

Give your conclusions about R, R, and R,

In the activity, you will get R, =2 R..

In this case, the area of cross section of wire is double, so its resistance is doubled.
Nuw,fnrthamﬁxmkrymwiugetR,=%.Inthinmﬂmlmgﬂ1ufwhml
is the same, but the area of cross section of the third wire is twice compered to that of
the first one. Therefore, its resistance to be obtained is half to that of R..

Thus, the magnitude of resistance depends upon the type end also on size of material.
The resistance of any condnrtion substance is directly proportional to length and inversely
proportional ¢o srea of cross sectiom of the snbstance.
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If the length of conductor and its area of cross-section are represented as / and A respectively

then,

1
R o —

R o [ A

Rl
- OCA

Here, p is called the resistivity of conducting material. From above equation p =R —

Unit of resistance x Unit of area

The unit of p =

~R=p

L
A

_Qxm’

m

Unit of length

=Qm

l

Table 4.2 represents resistance of some metals, semi-metals and insulators :
Table 4.2 Resistivity of some substances (at 20°C)

Type Substance Resistivity ' (Qm)

Metals Aluminium 2,63 x 107
Copper 1.62 x 1078
Silver 1.6 x 1078
Tron 10 x 1078
Tungsten 52 x 10

Alloys Manganin 44 x 10°¢
Nichrome 100 x 107

Insulators | Glass 10 - 10
Rubber (Hard) 1013 - 10%
Diamond 102 - 108
Paper (dry) 102

It is clear from Table 4.2 that the resistivities of conductors and alloys are less whereas it is
very large for insulators. The resistivity of elements such as silicon (Si) and germanium (Ge) is
more than conductors but less than insulators. So they are called semiconductors. Such elements
are widely used in the fabrication of electronic components.

[lustration 6 : The resistance of a resistive wire having length / and area of cross-section
A is 4 Q. If the length of same type of wire is //2 and the area of cross-section 2A, what will be

the resistance of wire ?

l
Solution : For the first wire, R = p A for the second wire, R'= p'

A'=2A

’

A

1
From [I' = 5 and
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Ningtration 7 :

The resistance of copper wire of length 2 m and 1,7 x 107 e area of cross-section is
20x102 Q. What is its resistivity ?

Solution : [=2m A=17x10°m, R=2% 107 R

i
meR:pI
—3 ]
=R><A=2x1[} x 10 17 %10 Cm
! 2
4.8 Combination of Resistance

Students, have yon seen your pocket radio from inside ? Yon will see the various resistors
connected together in a complex manner. These registors magnitude in the instrument {radio)
control the current in the different circuits. For this, sometimes Iarpe magnitude and sometimes
small magnitipde of resistance are required. To get the desived magnitude of registance, we connect
some registors in series or in parallel or in series and paralle] both. Here we shall study about serica
and parallel connection of resistors.

(1) Series commection of resistors :

The resistors are connected across two points in the circuit in such a way that the current
flowing through each resistor is the same and only one path is availble for it to flow, then the
resistors are said to be connected in serica.

R, 1 R 1 K T T
A —WMW———/WM—— MWW, B VVVYYY

— V—— I Ve— IV, ——|

gt I":)ﬂl LY

+ | = + || =
| v v
(a} Electric circwit () Equivalent. circnit
Fig. 4.8 Serics comnection of resistors

In figure 4.8(a), three resisters R, R, and R, are comnected in series across the points A and B.

Here, current (T) flowing through each of the resistors R, R, and R, is the same, but the total
voltage of the battery V ia divided according to the registance values.

If the voltage dropa across R, R, and R, are V,, V, and V, respectively then,

V=V, +V,+V, 4.8.1)

Now, if the resistor R instead of these three resistance R, R, 2nd R, is connected in such a
way that the current flowing through the circuit remains the same, then R is called equivalent
resistance of the circuit. (Fig. 4.8 (b)).

For an eguivalent resistor V = IR 4.82)
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According to Olun’s law,

R, voltage drops across, V, = IR, 4.8.3)
R, voltage drops across V, = IR, 4.8.4)
R, voltage drops across V, = IR, 4.8.5)
From (4.8.3), (4.84) and (48.5) IR = IR, + IR, + IR,
~ R=R +R +K, 4.8.6)

From this we say that the equivalent resistor R can be obtained by the summation of all the
tesistars connected in sexies.

We shall note sorme inmportant points about the series comection.

(1) In this type of connecticn, the current flowing through each resistance is the same.

(2) The total voltage drops across all the registors connected in series equals to the sum of
voltage drops across each resistor.

(3) The magnitude of equivalent resitance is always greater than the largest resistance.

Mwstration 8 :

hmmwmmuammmwmabnm&mmn
with 12 V battery how much shovld be the value
of resisiamce conmected in series 7 What will be
the voltage drop across the bulb ? —/\ W

Solution : I the resistance connected in series R, R,
with bulb is R, and resistance of bulb is R, then, the
circuif will be as shown in Figure 4.9.

V=12V, 1=053A R, =20, R =7 i —
i 2 —E=E= ¥
using Ohm’s law, R—I 05 240 Rg. 49

Here, bulb and R, are in series, therefore
equivalent resistance

R=R‘l + R) s i)
Substituting the value of R and R, in equation (1)
M=m+ng

SR =24-20=44Q
The voltage drop across the bulh, V, =1R, = (0.5) @) =2 V
(2) Parallel comnection of resistors :

When more than one resistances are connected across two points in the circoit such that
more than one path are available for the current to flow and the voltage drops across two ends
of each resistor are same, then the resistors are said to be connected in parallel between these
two points.
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Il . Rl-l). A
'1". .".". '1" II'--'I -_'I- Y R
VWO VY VY
'f'..l'f'.n"-'Ir."."*l'.'l*".
R!_ !

¢ 1 j 14 v I

v i
(a) Electric chroult (b) Eqpaivalcnt clrenit
Fig. 4.10 Parallsl conneciion of resistors

As shown in Figure 4.10(n), three resistors R, R, and R, are shown connected patalle] across
A amnd B. Here, one end of resistors are comnected at common peint A and the other ends are
connected at another common point B. The electric current I at point A is divided into three parts.
The current flowing through each resistor depends upon their resistance values.

Suppose the current flowing through resistors R, R, and R, are I, L, L, respectively, then the
total electric corrent is equal to the electric current flowing through the circuit.

LI=L+L+]1 4.8.7)

In parallel connection of resistors, the voltage drop across every resistor is equal to battery

voltage V.

v v A 4
11=R_1'I’=E'mdl‘=i
from equation (4.8.7) 1= ¥+ ¥ + ¥
eq 4.8.7) R1+R,+R,

Now, if one such resistor R instead of three resistors R, R, and R,, is connected across the
battery, the corrent flowing through the circuit will be same as I (Fig. 4.10 (b))

I=E
R
¥ ¥ V V¥V
. e
“R R R R
1 1 1 1
R e et e
R'R, R R, G52

Here, R is called the equivalent resistance of parellel connection of three resistors.

We shall note the following points for the parallel connection of resistors :

1.  The reciprocal of equivalent resistance R i equal to the sum of reciprocal of individual
TESIStOrS.
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2.  The voltage drop across each resistor remains the same.

The sum of the cument flowing through each resistor equals to total corrent flowing
through the cirewit.

4,  The magnitode of equivalent resistance is always smaller than the smallest resistance.
Hinstration 9 :

The three resistors are connected in parsllel with the 30 V baitery. The electric corrent
of 7.5 A flows throngh circnit from baitery. If the valnes of two resistors are 10 i and 12 4,
determine the value of the third resistor.

Eﬁhaﬁam:V:BﬂV,I:T.SA,R1=lﬂn.R2=12£1,R3='?

k'
The equivalent resistance of circuit R=Y=%=4ﬂ
Nuw.Rl,RzandRSmmectedinmmﬂel.
1 - 1 g 1

=

For the circnit shown in Figure 4.11, determine the equivalent resistance between A and
B. Alw find the corrent flowing from the battery.

A R =50 R =30
R,=50Q
@
B
Solution : .. e
As shown in Figure 4.12 (a), R, and R, are connected in series, their equivalent resistance
R'=R, + R,
=3+3
=100

Now R' is parallel with R, (Figure 4.12 (b)) Equivalent resistence,
1 1 1
= +

" R" R, R'
ELECTREITY 7



Fig. 411

Muystration 11 ;
points A and B in the circuit ;
Boh:ﬂon:Fintofa]LRlandRzminmﬁea.
R=R +R,=3+3=60
Simﬂarl]rksandﬂ4areinmiﬂ
R'=R,+R,=3+3=60Q

ar

R, XR'
R, + R

_ 10x10
T 10+10

=50

Now R" and R, are connected in
series (Fipure 4.12 (c)). Equivalent
resistor across A and B,

R=R"+R,
=5+35
=10

The current flowing from the
battery,

g =0 oy
R 100




Now, R . R' and R" are parallel between A and B

1 1 1 1

— = —_t — 4+ —

R R, R R"
LIS S N - N N
"R 6 6 6 6 2 T

(3) Merits and demerits of series and parallel connections of resistors :

The total resistance of the circuit increases by connecting the resistors in series hence, the
current decreases. Thus, to control the current in the circuit, series connection of resistors is useful.
Moreover, the fuse is connected in series with 230 V AC mains as well as in electrical appliance
and in the domestic electric connection. Therefore, whenever short circuit occurs in any electrical
appliance, the fuse wire melts and stops electric current. As a result, damage of the electrical
appliance can be prevented.

If the electrical appliances are connected in series, the applied voltage is divided, e.g. the three
bulbs operating on 240 V when connected in series each gets 80 V. They cannot give the light
efficiently because of this less voltage. In series connection, if fault occurs in one appliance or the
circuit breaks, the current does not flow in the circuit and all other appliances stop working, e.g.
if one of the 3 bulbs get fused, other bulbs do not light up.

But if these three bulbs are connected in parellel with 240 V supply, all the three bulbs get
same voltage. If any one bulb gets fused, the current continues to flow through other two bulbs
and they will work. Thus in the parallel connection break up does not occur. In our house, the
appliances such as fan, bulb light, TV, refrigerator etc are connected in parallel with 240 V AC
mains line. The equivalent resistance in the parallel connection of resistor decreases, hence, more
current can be obtained.

4.9 Heating Effect of Electric Current

When we pass the electric current in the bulb, our experience says that after a while it becomes
hot. In the same way, by flowing an electric current through electrical appliances like iron or
heater, the heat is produced. Here, electrical energy is converted into heat energy which is known
as heating effect of an electric current. In the same way the electrical energy is transformed into
heat energy due to the resistance.

Electrical energy :
Suppose the electric current is flowing through some resistor (R). To flow this current

continuously the battery has to provide energy to every electric charge. Now, the work required
to keep the charge Q in motion by the battery of voltage V is,

W =VQ

From the definition of the electric current,
Q=1It
W=VIt
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According to Ohm’s law, V =1R
=(R) M) ®
. W=TIRt

Thus, the current flowing through a resistor R for time t is I, the electrical energy consumed
to be W which is converted into heat energy.

. Heat energy (H) = IRt
The obove equation is called Joule’s Law.
Thus the energy produced in a resistor is,
(1) directly proportional to the square of current passing through it.
(2) directly proportional to the resistance for a given current.
(3) directly proportional to the time t for a given current and resistance.
The SI unit of an electrical energy or heat energy is joule (J).

The thermal effect of an electrical current is used in many instruments used in a daily life. e.g.
electric heater, electric iron, water heater, toaster, oven etc. Though in some other appliances like
fan, computer, generator, electric motor etc, the heat generated due to the electric current is useless.

Electrical power :

ectrical power means the rate of electric energy.”” That means the electrical energy
consumed (or heat generated) in unit time is deﬁned as an electnc pOwer.

It is denoted as symbol P.

Electrical energy consumed

P =
Time
_W _TIRt
t t

P=IFR (4.9.1)
or P=IV (~IR=V) (4.9.2)

P= v 1—X 493
or =R G- 1= R) 4.9.3)

The SI unit of power is joule/second or watt (W).
If 1 A current flows through the circuit from 1V battery, the power consumed to be 1W.
From equation (4.9.2)
1 watt = 1 volt x 1 ampere
1 VA
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Practical unit of electrical energy :
According to definition of electrical power,

p=>
t

W=Pxt
1 joule = 1 watt x 1 second

The unit ‘watt sec’ is smaller for electrical energy, so in practice a unit kilo watt hour (kWh)
is used.

1 kWh = 1000 watt x 3600 second
1 kWh = 3.6 x 10° joule

The electricity which you use in your house for domestic purpose is calculated in kWh. It is
called “unit.”

1 unit = 1 kWh = 3.6 x 10° joule
When 1000 W bulb is on for 1 hour, the energy consumed is equal to 1 unit.
Mlustration 12 :

The 5 A current flows through an electric iron. If the resistance of electric iron is 44 Q
then how much energy will be consumed in 5 minutes ?
Solution : I=5A; R=44Q,t=5min =5 x 60 =300 s
Electrical enerey W=IFRt
= (5)° (44) (300) = 330000 = 3.3 x 10’ J
Ilustration 13 :

A bulb is marked 220 V, 100 W, what will be the resistance of this bulb ? What will be
the current passing through it when connected across 220 V supply ?

Solution : V=220V,P=100W,R=7? =7?
2 2
From P = V—, R = v
R P
_ 220 x 220 _484 0
- 100 B
From P= VI
=£=@=0.45A
vV 220

IMustration 14 :

In a house, if three bulbs of 100 W, 60 W and 40 W are used 2 hours per day, how
many units of electrical energy will be consumed in 30 days ?

Solution : Evergy consumed persec P =100 W + 60 W + 40 W
=200 W
Energy consumed per day =Pxt
= 200 x 2 x 3600 W
=144 x 10* W
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_ 1440 x10*
" 1000 x 3600
= 0.4 kWh
Energy consumed in 30 days W = 04 x 30
= 12 kWh
Now, 1 unit = 1 kWh
Energy consumed in 30 days = 12 kWh = 12 units

4.10 Chemical Effect of An Elecirie Corrent

The chemical reaction is responsible to get the electrical current means the chemical encigy
is converted into electrical energy by the batiery. Then, can electrical energy be used for the
chemical reaction 7 Can electric current pass through any chemical 7 To understand this let us
perform the following activity :

= Activity : 4 )

Take two carbon rods (You may get the rods i Lamp
from the core part of a nsed up dry cell by breaking @ i
it.) Now dip these rods in to a beaker filled with
dist. water. Connect small bulb, 12V baitery and
?kcymmmemds.%athappmxwhmthehy K“Carbmmds
is on 7 Has the bulb glown 7 You may have seen

that bulb does not glow. Do not worty, now add
some salt into water (or take a tap water instead
of distilled water) =SZ:E:

Now you can see that the bulb glows. Thus
distilled or highly pure water doez not conduet ki o
electricity,. When a normal water which we use
daily is conductor of electricity (That is why we should not touch the eleciric switch with the
wet hand or foof). The solutions that conduct electricity are called “electrolytes.” In the
electrolytes, the electric current flows doe to positive and pegative ions.

Electroplating

You must have seen the metallic ormaments which are gold plated 50 as to look like real gold.
The metals may be even copper plated or silver plated. This is camied through a process known
as electroplating. To understand this, take a solution of copper sulphate (Cu30,) in 2 beaker. In
this zolution, the iron spoon which i to be electro-plated and a copper plaie are taken as electrodes
and are connected with battery and key as shown in Figure 4.16. Pass the current in circuit for
some time, you will observe that Cu is plated on metallic spoon. How did this happen ?

Hexe copper sulphate (CaS0,) is taken as an electrolyte. On passing the current through this
solution, it is decomposed info Cu*? and SO~ jons. As Cu*? jon is positively charged, so it moves
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towards negative terminal i.e. metal spoon and deposits cn
fron spoon. Thuos on iron spoon the plating takes place.
Though there is no scarcity of Cu atoms because the copper
atoms go into the solution from positive terminal i.e. copper
plates, the above process s called electro-plating.

By the methed of electropating, the layers such as copper, plate
nickel and chromium are coated on the thingz of iren in order
to protect them against rosting and to keep them shining.
Faradays laws of electrolysis - SS52iis5szs Solm

—
L]
e

phag gyt
Pl
Iy
Fpghjigiyl

LU L B

On passing the electric current through the electrolytic Fig. 4.16 Electroplating
golution, negative jons move towarda positive terminal and
the positive ions move towands negative terminal. The process of separating the ions iz called
electrolysis.

Michael Faraday (1791-1867), studied it in detail and gave two rules to calculate how much
metal is deposited on the electrode in the process of electrolysis.
Faraday's First Law :

The mass of the substance (metal) deposited at cathode on passing the electric current through
electrolytic solution is proportional to charge passing through it. m = Q
Faraday's Secomd Law :

For a given amount of cumrent passed, the masses of different elements deposited on
cathode is proportional to their chemical equivalent (). Chennical equivalent of any atom is the
oo O
m, &

ratio of atomic mass and its valency.

[ What have you learnt ? ki
@ Electric charge : Electric charpe is an intrinsic property of electrons and protons sitnated
in atom. Electric charges are of two types : (1) Positive electric charge and (2) Negative
electric charge.
® Electric current : The net amount of electric charpe flowing through any cross-section
of contductor in ynit 4me is known as an eleciric cument.
=9
t
The: nnit of an electric current is ampere (A).
The direction of conventional electric current is opposite to that of flow of electrons in the
condoctor,
® Eleciric Potential : The work required to bring the unit positive charge from infinity to
. any point in the electric field is known as eleciric potential at that point. y
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- - n— r - g . . . . 1
Flectric Potential Difference : The electric potential difference between any two points A

and B in the electric field means work done to take unit positive charge from A to B against

electrical force.
Qe
Q

The unit of electric potential and electric potential difference is J/C or volt.

Ohms’ Law : In the definite physical condition, the current passing through the conductor
is proportional to the applied electric potential difference across the conductor
Q1aV

v

In the form of formula, V =1 R or R=T.

R is the resistance of conductor and its unit is Q.

The resistance of conductor depends upon the kind of material and its dimensions.

l
R= pg where p = resistivity of material, / = length of resistive wire,

A = Area of cross-section of resistive wire
Series connection of resistors : Connecting the resistors Rl, R2, R3..., Rn in series,
their equivalent resistance will be R = R +R .. +R.
In the series connection of resistors, the current flowing through each resistor is the same,
but the potential difference across each resistor is different (voltage drops).
Parallel connection of resistance : Connecting the resistance R, R, R...., Rn in parallel

1 1 1 1 1
their equivalent resistance will be 7 = R, + R, + R, Tt oo

In this type of connection, the voltage drop across each resistor remains the same, where as
the current flowing through them is different.

Elctrical Energy : The energy consumed on passing the current (I) through the resistance
2

A%
(R) conductor for some difinite time () is W = Rt = ft =VIt.
The unit of electric energy is joule. Its conventional unit in practice is kWh or unit.
Flectrical Power : The electrical energy consumed in unit time is difined as an electric
V2
R

Electroplating : The process of depositing of one metal on another metal using the chemical
effect of electric current is called electroplating.

power (P). Its unit is watt. P = ¥ =I’R =

The object on which the metal to be deposited is connected with negative terminal and the
metal which is to be deposited is connected with the positive terminal of battery.

J
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EXERCISE

1. Select the proper choice from the given multiple choices :

)

@

©)

@

®

©

0

@®

®

(10)

11)

The SI unit of electric charge is ......

(A) ampere (B) volt (C) watt (D) coulomb
What number of electrons will be there in 1.6 C charge ?

(A) 10" ®) 10" (©) 10” (D) 10%
1pA = - mA.

(A) 107' B) 107 ©) 10° (D) 10°
Which of the following materials has more number of free electrons ?

(A) Copper (B) Glass (C) Rubber (D) Iron

According to Ohm’s law,

(A) The resistance increases with the increase in current.
(B) The resistance increases with the increase in voltage.
(C) The current increases with the increase in voltage.

(D) The resistance and current both increase with the increase in voltage.

The formula for an electric current is -------- .
Q t
@ 1=Qt ® I=— © =3 (D) I=Wt
The amount of 2 A electric current is passed for 1 minute through one conducting wire.

How much total electric charge will pass through this wire ?
A 2C B) 30C (©) 60 C (D) 120 C

In an electrical appliance, the electric current of 4.8 A is passed, then the number of
electrons passing through it in one second will be -----------

(A) 0.33 x 10 B) 3.3 x 10" ©) 3 x 10" (D) 4.8 x 10"
Which of the following formula represents the voltage ?

A Work B Work X Time
(A) Current X Time (B) Current
(©) Work x electric charge (D) Work x electric charge x time

The unit of electric potential difference is --------
A J B) J/C ©JcC D) Cn

If the work is to be done to take 3 C electric charge from one point to another point
is 15 J, what will be the potential difference between these two points ?

A) 3V B) 15V (&I D)4 Vv
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(12)

(13)

(14

(15)

(16)

{an

(18)

86

The resistance of one conducting wire iz 10 Q. How much electric current will flow by
cotnecting it with a baitery of 1.5 V¥ ?

(A) 0.15mA (B) L5mA (© 15 mA (D) 150 mA
On which factors does the resistivity of conducting wire depend 7

(A) Length of wire (B) Area of cross-section of wire
(©) Volume of wire (D) Material of wire,

If the five equal pieces of a resistance wire having 5 £2 resistance each is conmected in
parallel, then thetr equivalent resistance will be ———

@ 154 @ 19 @50 (D) 25 Q
The unit of resistivity of the material is ———-,
() Q @) Om (C) Qim D) /2

What will be the equivalent resistance between points A and B of the following electric
circuit 7

A
> % >
18 <  20< < 20
> = >
> ©
28 20
A LQ B 290 ) 502 o 10 Q

What will be the equivalent resistance between points A and B of the following electric
circuit ?

/\ ; @ 40

®) 8Q

40 N s 4 o
i:’ \_\ © 20
-.-"I..'l.-"n'"n'ﬁ"'-"l."u'".l"-' {D) 16 2
A 20 B

The equivalent resistance between points A and B in the following electric circuit is

50
(A)25Q
= A— 2 Bl
TATATAYATAT G ::;f:- {C) 125 n
S (D) 20 Q
5a
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19)

(20)

1)

(22)
(23)
1.
2
3.
4.
5
1.

2.
3.

4.

1.

2.

1.
2.

1.

Which physical quantity has a unit of kWh ?

(A) Work (B) Electric power

(C) Electric current (D) Electric potential.

1kWh = - joule

(A) 3.6x10° (B) 3.6 x 10° (C) 3.6 x 10° (D) 3.6 x 107

An electric heater consumes 1.1 kW power when 220 V voltage applied to it. How
much current will be flowing through it ?

A) 11A B) 22 A € 4 A DS5SA

What makes the electric current flow through electric solution ?

(A) Only free electrons (B) Only positive ions.

(C) Only negative ions (D) Positive and negative ions.
The distilled water acts as -—---- for the electricity.

(A) Conductor (B) Insulator (C) Semiconductor (D) None.

Answer the following questions in brief.

What is an electric charge ? Give its types and write its unit.

What is a free electron ? Explain conducting and non-conducting materials in terms of it.
Give the definition of an electric current and define its unit.

Give advantages and disadvantages of series and parellel connection of resistors.

Write Faraday’s laws of electrolysis.

Write the answers of following questions :

What is an electric potential ? Give the definition and unit of electric potential.
Explain the series connection of resistors and derive the formula of equivalent resistance.

Explain the parallel connection of resistance and derive the formula of equivalent
resistance.

Explain electrical energy and derive its formula.

Answer the following questions in detail :

Draw the figure of voltaic cell and explain its construction. Explain flow of current in
conductor through this cell.

What is electrolyte ? Describe the experiment showing flow of current in electrolyte.

Answer the following questions pointwise :

Write Ohm's law. Describe the experiment showing Ohm's law and write its conclusions.

What is electroplating ? Explain it with example.

Solve the following examples :

If 400 mA current flows through the bulb for 1 minute, how many electrons will pass
through it ? (Ans : 15 x 10¥ electrons)
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The 1800 C electric charge iz passing through an electic bulb in one hour. How much

current will pass through an electric bulb ? (Ans : 0.5 A)

The three resistors of resistance 5 £, 10 Q and 30 Q are connected with a 12 'V battery

in parallel. Determine (a) total cutrent in the circuit (b) equivalent circuit resistance.
{(Ans: I=4 A, R=3)

As shown in the figure the resitance R =102

1
are connected with a 12 V battery. I VWAWW
Determine {(a) Equivalent curcmit
resistance (b) Current flowing R, =400
through the circuit. _ AN
12V |
(Ama : () R=18 Q (b} I = 0.66 A) R, =304
V VW
* Lu’ VWV ”%W'
WA
Find the electric current in the R, =600
following circuit :
2V A e
‘//- AAARA \\\
"0 n (Ans : 0.1 A)

Determine the equivalent resistance between points X and Y in the following circuit.

36 10
/' wae
74, Lan
x/ Y (Ans : 15 £X)
Two lamps of 100 W and 60 W are joined in parallel with 220 ¥ line. How much
current will flow through the circuit ? (Ans : 0.73 A)

An electric haater consumes 4.4 KW power when commected with a 220 V lins voltage then,
@) Calculate the cutrent passing through the heater.

(@) Calculate resistance of a heater.

@) Calculate the energy consumed in 2 hours.

(Ans : (20 A (2) 1102 (3) 3.168x107 W)
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'UNIT

MAGNETIC EFFeECTS OF ELECTRIC CURRENT

5.1 Introduction

In the earlier chapter, we have studied the heating and chemical effects of an electric current. In
the present chapter, we shall study the magnetic effect of an electric current.

During 1819-20, a science teacher H.C. Oerstead discovered that the magnetic field is produced
by an electric current in opposite to that the scientists named Michael Faraday, Andre Ampere etc. had
produced an electric current from the magnetic field. It was proved from many experiments that
electricity and magnetism are associated with each other. This branch of physics that covers universal
study of electricity and magnetism is called electromagnetic or electrodynamics. The electromagnetic
principles are widely used in loud speaker, electric motor, magnetic train (maglev), hard disk of
computer, communication etc.

In the present chapter, we shall study the characteristics of magnetic field produced by electric
current carrying conducting wire, coil, solenoid and the Faraday’s experiments induced by magnetic
field. In addition, we shall obtain the primary idea about electric motor and electric generator based on
the principle of magnetism.

5.2 Magnetic Field and Magnetic Field Lines

Students, you have seen a bar magnet in the laboratory. You have studied about it in the
Standard 8.

A bar magnet has two magnetic poles : (1) North pole (N) and (2) South pole (S). When a bar
magnet is suspended freely through the string, the pole which becomes steady toward the north pole
of an earth is called north pole (N) of a magnet and the other pole is called south pole (S). A repulsive
force is resulted on bringing N-N or S-S poles of two different magnets nearer to each other while the
attractive force is produced on bringing N-S poles. Magnetism of magnets is maximum at their poles.
The magnetic force is represented by a magnetic field.

A magnetic needle experiences deflection when it is placed in the region near a bar magnet.
Thus, a magnetic force experienced around the region of a magnet is called a magnetic field of a
magnet. The magnetic field lines can be drawn to describe or to study this magnetic field.
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The magnetic field linez are the pictorial representation of a magnetic field.
At firat, we shall see how the ficld lines of a har magnet can be drawn with the help of the

&

(D

()

)

(5)

—( Activity:1 }

For this activity, you need a bar magnet,
magnetic needle, a white paper, a drawing
board and a pencil

Place the white paper on a drawing board, then
put the magnet in cendre and mark its position
with pencil.

Now, place a magnetic needle near the north
pole of a magnet, You will see that its south
pole will be in the direction of magnetic north
pole and the north pole of magnetic nsedle will
be in the outward direction from the magnet.
Mark the position of these two ends of magnetic
needle with the pencil. In Figure 5.1 points A

and B indicate the position of south and north pole respectively.

Now arrange the magnetic needle such that the sguth pole of needle is arramged on point B.
In thiz position, mark the position (Point C) of north pole of magnetic needle.

Thus, matk the positions of north pole of magnetic needle up to south pole of magnet by

arranging it at the positions one after the other,

Now draw a curve joining all of these points. This curve shows a magnetic field lines of
magnet. Draw magnetic field lines by placing a magnetic needle at different possible
positions. This magnetic field lines show a magnetic field around the magnet.

S e
—

Fig. 5.1 Draw the meagnetic
Decld Hnes

The magnetic feld lines for a bar

magnet are shown in Figure 5.2
Now let us see some characteristics \
of these magnetic field lines S

magnet start from the north pole (N) and
reach to the south pola (S) and these lines
are in the direction from south pole (S) to

the north pole (N) inside the magnet, Thus,
they form close loops.

o0

Flig. 5.2 Magnetic feld Hnes
of Bar mapgnet
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(2) The region in which the field lines are at close distance to each other has a strong magnetic
field and if the ficld lines are at far distance from each other, the region has a weak magnetic field.
Near the poles of a megnet the ficld lines are ot close distance from each other so there is a sirong
magnetic field.

(3} The magnetic field is a vector quantity. So it has a magnitude and a direction both. The
tangent drawn at any point of a magnetic field line (that means the direction of magnetic needle at that
point) shows the direction of magnetic field at that point.

(4) Magnetic field lines do not intersect each other.

5.3 Magnetic Field Due to a Courrent Carrying Straight Conductor

In 1819, a science teacher H.C. Oerstead in a school in Denmark investigated that when an
electric cument is passed through the conducting wire, a magnetic field is produced in a region
around it. We shall obtain its explanation through an activity.

Activity : 2
i ( J :’ Batteey

N key
As shown in Figure 5.3 (2), connect a s || i - ™
straight conducting copper wire in series with |
a battery and a key. Arrange A magnetic needle
onacappetmmﬂmangeﬂ:ewnemch .
that it remains paralle] to the magnetic needle.

Now make the electric current to fow ._%_.
through the wire by closing a key in the circuit
and ohserve the magnetic needle. You will see
the deflection in a magnetic needle (Figure 5.3

. : : B
{b). On reversing the palarity of a battery in the im key
circuit, the cumrent will flow through the wire ~ ® i ‘ (o) %
in a reverse direction, mapnetic needle will also '
move in the opposite direction. 14 A

From this activity, we can say that, on
passing the electric current through the wire it
acts as a magnet and it possesses its own
magnetic field so that the magnetic needle gets ¥
deflected. On reversing the direction of electric Fig. 5.3 Magnetic ficld produced by

current, the direction of magnetic field is also conducting wire
reversed.

To understomd the characteristios of magnatic field and the field lines of corrent carrying conductor
petform the following activity :
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Actlvity : 3

Make a hole in the center of a cardboand
and pass the conducting wire throuph it. Con-

nect a battery and key in series with this
conducting wire. Spread the iron filings uni-
formly on the cardboard around the conduct-
ing wire.

Now, pass an electric current through
wire by placing the key such that cardboard
remains zteady and tap the board two to three
times. Look at the cardboard that what is the

will see that the iron filings will get arranged in

field resulting from an electric cumrent through the wire,

magnetic field at that point.

placed at point P alzo get reversed.

ffect of an electr o won Bl Non Fig. 5.4 FleMd lines of magnetic feid prodnced by
a conceniric circular shape around a conducting wire. This circular pattem represents & magnetic

To know the direction of this magnetic field, place a magnetic needle near some point P.
The direction in which a north pole of magnetic needle (arrow) points indicates the direction of

Now on reversing the direction of an electric current you will see that the direction of needle

a condocting wire

The magnetic field produced due to the cmrrent flowing through the conducting wire is directly
propartional to electric carrent twough the conducting wire (Magnetic field o electric current). The
field lines of this magnet are amanged circularly around the conducting wire in a plane perpendicular

to an electric cuorent. A magnetic field decreases inversely at a
distance while moving away from the conducting wire. (Magnetic

)

ficld a distance

Right hand thumb rule :

To Imown the direction of magnetic field produced by a
cutrent passing through any conductor, the right hand thumb rule
is used.

Hold the wite in right hand (such that you do not get shock
due to electric current !) such that the thumb pointing along the
direction of current and the fingers are wraped on wire. In this
situation, the magnetic field linea are such that the fingers wrap on
wire as to forming the circular closed loops. (Figure 5.5)

92

A

i D

Fig, 5.5 Right hand thomi
rula
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5.4, Magnetic Fidd Prodoced by a Corrent Carrying Coil

We have seen that the magnetic fGeld is
produced while passing an electric current
through a straight wire. If a wire is bent circulady
and electric corrent is passed through it, the
magnetic effect of current increases.

In Figure 5.6, the magnetic field produced
by passing the current through a circular ring
(loop) is shown. The ficld lines are circular near
the wire of a ring. These circles pet enlarged.
‘While moving away from the wire, these circles
near the center of ring (loop) tumn info siraight
lines. Near the center of a ring, the field lines are
at a close distanee, so the magmetic field is stronger
at the center. The direction of magnetic field is
determined by a right hand thumb rule. The

,_{iﬁmmwrrinahup

i

Magnetic
field lines

W

Fig, 5.6 Magnetic ficld prodneed in  eurrent
carrying ring (lnop)

magnetic field at the centre of loop is linearly proportional fo the electric current passing through the

ring and inversely proporticnal to the radius of ring,

If a ring iz made up of closely spaced N tums, the magnetic field at the center of ring will he N

times strongrer.

5.5 Solenaid

When an insulated straight conducting wire is bent into a coil (loop) having N turns, an
arrangement like hollow cylinder is formed. A constroction like a coll made by a conducting wire
wound closely and separately in a form of cylinder & called a solemoid,. In a Figure 5.7 (a) one

such solenoid is shown,

(3) Solennid

Battery X7
(h) Magnetic fd of a solencid

Fig. 5.7 Solenoid and iz magnetic feld

As shown in Figure 5.7 (b), passing an electric current through a solenoid, an electric current will

flow in the same direction through N turns of a coil.
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The magnetic field resulting per each turn will add on as the direction of an electric caurrent in
each turn will be the same. As solencid has N torns, the magnetic field resulting by it is N times
stronger than the magnetic field resulting by each circular coil. The magnetic field lines resulting by a
solenoid are shown by Figure 5.7 (b). It can be understood by comparing Figure 5.2 and Figure
5.7(b) that the magnetic field of a solenoid is jost like a magnetic field of a bar magnet. Thus, one end
of a solenoid behave like a north pole and the other end like a south pole. In the inner region of a
solenoid the field lines are parallel that means the magnetic field is uniform at every point ingide the
zolenoid. This magnetic field is directly proportional to the number of turms wound in a solenoid as
well as it is direetly propaortional to the coxrent passing through it

By placing an iron like metal (e.g. large iron nails) ingide the solenoid, its magnetic field becoines
stronger. On passing the current through a solenoid, it behaves as a temporary magnet. Such magnets
are called ‘clectromagnets.’ Electromagnets are used in crane to lift the heavy objects (e.g. car).

5.6 Force on a Current Carrying Wire Placed in a Magnetic Field

Within a few days after the repetition
F « of observations recorded by Oersted, a
‘ ‘ scientist, Ampere made another
| £ . F observation. He observed that the force is
N | y { T exerted on a current cartying wire placed
x'ffl : in a strong magnetic feld.
A As shown in Figure 5.8, place a
conducting wire in a strong stationary
{ & jJ— l'r ﬁﬂlﬂ.
Fig. 5.8 Force arting on current carrying wire Arrange a linsar light conducting
wire in a magnetic field perpendicular to
it after tying it with a tigid base on both the ends. Now pass the electric curtent through the wite. You
will see that the wire bends upwards. On reversing the polarity of batiery and by flowing the current
When the electric comrent flows through the wire, a magnetic field is produced around it. During
the interaction between the mapgnetic field of this wire and the magnetic field of a sitong magnet, the
wire and the magnet exert the force of equal magnitude on each other in the nitnal and opposite
direction. Here, the magnet is stationary and heavy so that it does not move, but the wire bends
upwands as it is light in weight
The magnetic foree: acting on a conducting wire is propottional to the electtic curvent, magnetic
field of a magnet and the length of a wire remain in the magnetic field. When the direction of an
electric current through the conductor is perpendicular to the direction of magnetic field, maxinmum
force is exerted on wire. The direction of this force is always perpendicular to the direction of an
electric current and that of a magnetic field. When the direction of an electric current is in the direction
of magnetic field or in the opposite direction, the force does not exert on a wire. The direction of
magnetic force can be understood from Fleming's left hand rule,
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Fleming’s left hand rule ;

Arrange the left hand such that the
forefinper, the center finger and thumb
remein at right angle to one another.
Arrange the forefinger pointing in the
direction of maghetic ficld and the
center finger in the direction of an
electric cumrent, the direction of thumb
gives the direction of magnetic force.
(Figure 5.9).

Friends, now decide the direction
of magnetic force acting on a wite
showen in the above experimet.

Fig. 5.9 Flaming’s laft hand rule

5.7 Electric Motor

An electric motor is a device that converts electrical energy into mechamical energy, The

force acts on a cumrent carrying wire placedin a
magnetic field. The electric motor works on this
principle.

The construction of an electric motor is as
shown in Figure 5.10.

A loop ABCD of an insulated copper wire
is placed in a permanent magnetic field such that
AB and CD remain perpendicular to the
magnetic field. The ends of this wire are
connected to the two semicircular rings P and
Q. The inner part of both the rings is insulated.
Both the rings are arranged on an axle such that
they can rotate easily on it. The cuter pogition of
the ring iz in contact with a stationary brush X
and Y. (In actual motor, 2 loop containing many

Magnetic field

Fig. 5.10 Construction of an cectric motor

turns is arranged on axis. This arrangement is called an armature).

The electric current flows throngh a loop ABCD by connecting a battery between the brushes X
and Y. The current flowing through BC and AD is either parallel or antiparalle] to magnetic field, so
force does not act on them. But the currents flowing in wires AB and CD are perpendicular to the
magmetic field, henee force acts on them. The direction of this fores is obtained from Fleming’s left
hand rule. As shown in Figure 5.10, the farce on AB acts in the downrward direction and the forcs on
CD acts in ppward direction. As these two forces are in the mutual opposite directions, the loop ABCT)

is rotated.

After the completion of helf rotation, the ring ) comes in contact with the brush X and the ring
P with the brush Y, so that the direction of an electric cutrent gets reversed. Due to thia, the direction
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of forece acting on AB and CD is also reversed. As a result, the loop continues to rotete in the same
direction, At the end of one rotation loop comes to the earlier position, Thms, after every half rotation
the direction of an electric current in a loop changes and loop rotates continuously.

The eleciric motor is used in the appliances like electric fam, mixer, wazhing machine, CD/DVD
player etc. Make a list of other electrical appliances where an elecitic motor is used.

£ 8 Electromgnetic Induction

We have seen that a magnetic field can be produced on passing the corrent through a conducting
wire, circular ring and solenoid. Then iz it possible to obtain electric current from the magnetic field ?
A British scientist Michael Faraday, in 1831, gave the answer to this question. He had shown that
how an electric current can be obtained with the help of a magnetic field through may experiments
and firom that gave principle *of electromagnetic induction’. To understand this principle consider the
following activity.

r— Activity: 4
e Az shown in Figme 5,11, make a circular loop of a conducting wire and connect a
galvanometer with it to record the presence of an eleciric current.

@ vileen o /%
:.j__l,u___'-.l--—- Mvilsn +f
e ::::-E._ :'.J"I'“‘ - |u W : >
o

Magaat wl bvwy buth rw sintiery sats Bl el by by winebig s Take wragant wray from lowp ey ceoviey fust
Fig. 5.11 Indnce electric corvent in a loop

(0 Take ahar magnet and keep it stationary near the loop. You will see that the galvanometer
dees not show any deflection, (Figure 5,11 (a)).

{ii) Now move the N pole of a magent rapidly towards the loop and see that the galvanometer
indicates the deflection on one side, which shows the presence of an electric coment (Figure
5.11 (b))

() Now take the mapnet away from the loop rapidly. Here the galvanometer will show the
deflection in the opposite direction (Fignre 5.11 (). This also indicates the presence of an
electric coment.

(iv) In the same way by taking S pole of a magnet the deflection in the galvanometer will be
opposite to both the cases mentioned above.

(v) Above observation can also be verified by moving a loop instead of magnet. From this
experiment it is 50 conchuded that if the magnet and loop are moved relatively, an electric
current flows in a circuit. This electric curment is not protiaced by any battery, but it is indeced
by the motion of a magnet. Such an electric current is called “induced electric current.’
This phenomenon i3 known as an electromagnetic induction.




Because of the change in rate of change of mmmber of magnetic field lines linked with the loop
during the motion of mepnet (or loop), an electromotive force (that means electrical potential difference)
indnces dus to which the induced current ia obtained in a loop.

If the speed of magnet iz mare, the chemge in rate of onmber of magnetic field lines will be
increased and alarge amount of induced corrent will be obtained, If the magnet becomes stationary,
the change in number of field lines will be zero and the induced current will not be obtained.

The: induced electromotive force resulting in loop ot {induced electtic current) is proportional to
the change in rate of mumber of magnetic field lines and the number of toms of a loop.

In the phenomenon of an electromagnetic induction, the induced electric corrent is obtained only
when a conductor moves in a magnetic field or the magnetic field around the conductor is changed.
Normally, induced electric cutrent can be obtained easily by moving a conductor in magnetic field.
‘When the motion of conductor is in a direction perpendicular to the magnetic field, the large induced
eleciric current is obtained.

The direction of an electric current is decided from the direction of a magnetic ficld and the
direction of motion of a conductor. For this, Fleming’s
right hand rule is naeful.
Fleming’s right hand rule ;

Arrange the forefinper, centre finger and thumb
of a right hand at right angle to one another. Adjust a
farefinger in the direction of magnetic field, and thomb  tnduced cument in -%/
pointing in the direction of motion of conductor. The & conductir
direction of center finger indicates the direction of an Fig, 512 Fleming’s right hand role
induced electric current.

Motion of

5.9 Eleriric Generator

'We have seen that an electric current in the
circuit can be obtained by the magnetic field. The
electricity used in our house is also produced in this
way. The device through which an electricityeam |\ B C
be prodoced is known as an eleciric generator. } E
Electric generator converis mechanical enerpy

into electrical energy. It works on the principle N \ \ 5
of an electroanungmedic imdnetion. : A\ o
-
The construction of an electric generator is like Half circular ‘X ¥ \
the construction of an electric motor which is shown ting (P & Q ‘—le‘f—“x““)

in Figure 5.13. The two ends of a loop ABCD
rofating in & magnetic field are commected with two
semi-circular rings P and Q. These two rings arc

Fig. 513 Compiroction of an cleciric pencrator
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remaining in contact with the brushes X and Y, A galvanometer is connected between the two ends of
brush. By applying mechanical rotation to the loop ABCD in the magnetic field, the number of magnetic
field lines associated with it changes so that an electric current is induced which is observed from the
deflection of galvamometer, Thus, the mechanical enetgy is comverted into electrical energy.

By rotating the loop in a magnetic field, the side AB moves upward and the side CD moves
downwards. The direction of an induced electric current in wire AB and CD can be known by Fleming’s
right hand rule. As shown in the Figure 5.13, indoced electric carrent flows in a path B-A-G-D-C.

After the half rotation of a loop, the ring P comes in the contact with brush Y and the ring Q with
the brush X, Here, the brush X is always in contact with the side moving upwards while the brush Y
is always with the side moving downwards as a result of which the corrent flows only in one direction,
This current is called direct or DC cument. This type of generator is called DC generator. Similardy
instead of half ring if full ring is vsed then A.C. corrent can be generated and such generator is called
A.C, generator.

In practice, electric generator has a coil with many turns instead of loop. In the electric peneraior,
to rotate coil, different types of enerpies are used, €.p. in wind mill, the electricity is produced by
rotating its coil through wind enerpy. If the coil is rotated by using a flow or the fall of water stored in
a dam, the electrical enerpy in larpe amount can be obtained. In generators used in hospital or theatre
the coil is rotated with the help of a diesel engine and the neceasary electricity is obtained during
CmELEncy.

5.10 Electric Bell

The electric bell works on the principle
of an elecromagnet. Electric bell is made up
of an eleciromagnet, bell (tmetallic cup), a soft Elmer
iron strip and a contact screw. Bell iz a cup
shaped device made up of a metal. A soft iron
strip works as a small hammer. The construction Soft iron strip —
of an electric bell is shown in Figure 5.14, Contact Screw —

When the circuit is switched on, an electric
current returns in the battery after passing
through an electromagnet, a soft iron strip and
a comtact screw. While passing a current throngh
an eleciromagent acts as & magnet and attracts
an iron strip. As iron strip (hammer) being
elastic, it strikes with the bell. Simultanecusly b Swicn
its contact with a contact screw is broken and s
current flows through electro-magnet stops. The Banery
iron sitip comes in contact with the screw by Fig. 5.14 Electric bell
obtaining an otiginal position and again the
electric current passes through an elactromagmet.

This phenomestion ocenrs ey times in a second and a haromes strikes many times with the bell,
as a result the bell rings. The bell rings till the circuit iz switched off.

Hlecttic bell is used in school, home, telephone, security system, fire alarm etc.

T "'"'fﬂmﬂgllﬂ:
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5.11 ;: DC Current and AC Current

The dlectric currents are of two types :

(1) Direct current or DC and (2) Alternating current or AC.

We use two types of electric appliancez for domestic purpose. In soms appliances, we use
battery e.g. radio, cell phone, watch, laptop etc, The current obtained from the battery is direct
current in which the current flows from the positive terminal to negative terminal of battery through
an appliance. That means it flows only in one direction. The magnitnde of this current remaing
constant with time and its direction also does not change (Fig. 5.15 (a)) DC cunrent is also produced
by DXC generator,

+ +
I

B R
: g

{a) DC curvent (b) AC corrent
Fig. 515 DC and AC corrent

Another type of appliances such a3 refrigerator, mixer, electric iron, fan etc. work on AC cument.
In order to obtain the AC current, AC gencrator is used. AC voltages and currents are changed from
positive to negative and negative to positive with time. In a house the electricity which we use, the
direction of an AC voltage cumment changes 100 times in one second, So its frequency is 50 Hz,

The main advantage of using AC voltage or current is that it can be transmitted over long distance
without mmch loss of electrical enerpy. While the generation of DC voltage is comparatively more
costly. (Ask the price of 1.5 'V battery in market).

£.12 ; Domestic Electric Circuits

The eleciricity is generated in a power station. From the power station, this electricity reaches to
our house throuph thick underground copper cables or through the overhead electric-poles. In the
following Figure 5.16 how thiz eleciricity reachas to every place in the house is showm.,

Live (Red wire) :
Nentral (Black wire)
Company
fuse
and box 8, 5,8, ON/OFF swiich
P, P, P, plug
Fig. 5.16 Domestic dlectric viremit

Macneric ErrecTs oF ErrcTerc CUREENT o9



One of the red coloured insulated wire brought to our house is known as live (positive) wire.
Another black colowred insulated wire is known as nevtral (negative) wire. The potential difference
between these two wires is about 220 V. The current flowing in wire is AC whose frequency is 50 Hz.
{(In other countries like America this voltage is 110 V with 60 Hz frequency).

In the meterboard in the house, these wires pass into electric meter throngh main fuse. In the
main switch board the fuses are kept for different circuits as per requirement. Through the main
switch they are connected to line wired in house.

These wires carry two different velues of current in the house. (1) 15 A current line is connected
to the appliances of ligher power ratings e.g. air conditioming machine, geaser, heater etc. (2) 5 A
current line is connected to low power rating, e.¢. tubelight, T.V., bulb, ete.

The third green colowred insulated wire is called earthing wire. This wire i3 connected with a
metal plate and dumped near the house. Whensver there is a lealmge of current in the appliances such
as electric iren, toaster, table fam stc., it reaches to metallic surface due to which there is a danger for
getting a shock. This earthing wire iz connected with the metallic surface of such appliances so that
the leaked cut current goes directly to the grozmd through the earthing wire and electric shock can be
avoided. In a honse, every electric appliance is conmected in parallel,

5.13 ; Safety Meayurey in the Use of Electricity

The electricity is a form of energy. Therefore, many precantions are necessary while using the
electricity. After knowing the various uses of an electrical energy, let us discuss what kind of precantions
should be taken while using the electricity. We know that an electrical shock and fire are the main
accidents caused by electricity.

Sometimes short circuit occurs in an electrical circuit. Short circnit means when positive and
negative wires are connected with each other accidentally. If the insulating layer of wires or appliance
in the circuit is defective, then short circoit may occur. In this circuomstances, the total resistance of
circuit suddenly decreases and an excessive electric current flows according to Ohm’s law, which
results in lots of heat and a spark is produced at a point of short circuit. Therefore, there is a possibility
of a fire. (Sometimes overloading may also lead to the increase in cutrent).

To prevent this a fose is constructed. You have learnt somewhat about a fose in the earlier
chapter while studying heating effect of an electric current. Let us understand the construction of a
fuse which iz shown in the following Figure 5.17.

Fose wire

Glans tube

Contacts

)
Fig. 5.17 Foss comstruetion
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A conducting wire having a low melting point is connected with the metallic contacts on an
insulator base. In Figure 5.17 (b) a fuse wire in a small glass tube connected with metallic contacts is
shown. Such small fuses are used in the domestic appliances such as T.V., refrigerator. Due to some
reason if current increases in the circuit, the fuse wire burn off immediately due to the heat produced
and the electric current stops to flow, and major damage can be prevented.

Many types of fuse wires are available. The fuse wires are prepared from a pure tin or an alloy of
lead and tin. Apart from this, while using appliances with large power consumption, a three-pin plug
is employed. The third pin indicates earthing with the help of which we can prevent an electric shock.

i What have you learnt ? |

@ Magnetic field and magnetic field lines : A magnetic field is around the region of a
magnet. This magnetic field is shown by magnetic field lines. In the region outside the
magnet, the magnetic field lines are pointing north pole (N) towards the south pole (S) and
they form close loops. A magnetic needle placed any point of these field lines indicates the
direction of magnetic field. Magnetic field lines never intersect with each other.

@ Magnetic field of a current carrying straight conducting wire : The concentric magnetic
field is produced around a linear conducting wire while passing on electric current through
it. This magnetic field is directly proportional to electric current and inversly proportional
to the distance from a wire.

@ A magnetic field of a current carrying circular ring (coil or loop) : A magnetic field
produced near a wire in a circular ring is concentric circular shaped. Near the center of a coil,
these circles turn into straight lines. The magnetic field produced at the centre of a coil is
directly proportional to an electric current and inversely proportional to radius.

@ Solenoid : A coil like construction in a cylindrical form wound closely and separately from a
conducting wire is called solenoid. Its magnetic field is like the magnetic field of a bar magnet.

@

Force acting on a current carrying wire : While placing a current currying wire in a magnetic
field, a magnetic force is exerted on it. This force is perpendicular to a magnetic field. The
magnitude of this force is proportional to an electric current. If the conducting wire is parallel
to the magnetic field, the force does not act on it. The force acting on the wire is determined
by Fleming’s left hand rule.

Electric motor converts electrical energy into mechanical energy : While placing a
conducting wire loop in a magnetic field, an equal but opposite magnetic force on its opposite
sides acts as a result of which it rotates.

(53

e FElectromagnetic induction : Due to the relative motion between the loop and magnet, the
number of magnetic field lines linked with the loop are changed. Therefore, an electromotive
force is induced in the loop due to which an induced electric current is obtained in a coil. This
is known as an electromagnetic induction. The direction of an induced current is determind
by Fleming’s right hand rule.

@ Flectric generator : The mechanical energy is converted into electrical energy with this
instrument. The electric motor works on the principle of an electromagnetic induction.

\ W
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AC and DC current : The current which does not change with time and flow only in one
direction (from positive to negative) is called undirectional current or DC current.

The current whose direction is regularly changed from positive to negative, and from negative
to positive is called an alternating current or AC current. In our house, we use 220V. AC
voltage having frquancy of 50 Hz.

~

v
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EXERCISE

Select the proper choice from the given multipule choices :

1.

The direction of magnetic field lines in a region outside the bar magnet are
(A) From the N pole towards the S pole of a magnet.

(B) From the S pole towards the N pole of a magnet.

(C) In the direction coming out from both the poles of magnet.

(D) In the direction entering in both the poles of magnet.

Which of the following statements is false ?

(A) The direction of magnetic field line is from N to S.

(B) In the region where the magnetic filed lines are at a close distance form each other,
there will be a strong magnetic field.

(C) The magnetic field lines form close loops.

(D) The magnetic field lines can cross each other.

By which instrument the presence of magnetic field can be determined ?

(A) Voltmeter (B) Ammeter

(C) Galvanometer (D) Magnetic needle.

Who had first obseved the magnetic effect of an electric current ?

(A) Faraday (B) Oersted (C) Volta (D) Ampere.

With the help of which law the direction of a magnetic field can be decided ?
(A) Faraday’s law (B) Fleming’s right hand rule.

(©) Right hand thumb rule (D) Fleming’s left hand rule.

According to right hand thumb rule, whose direction is indicated by a thumb ?
(A) Electric current (B) Magnetic field.

(C) Magnetic force (D) Motion of a conductor.

The magnetic field produced in a straight conducting wire on passing the current through
itis

(A) in the direction of current. (B) in the direction opposite to the current.
(C) circular around the wire. (D) in the direction parallel to the wire.

What is the field line of a magnetic field passing through the centre of current carrying
circularring ?

(A) Circular (B) Straightline

(C) Ellipse (D) Magnetic field is zero at center.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Whose magnetic field is like a magnetic field of a bar magnet ?

(A) Current carrying wire (B) Current carrying ring.

(C) Current carrying solenoid (D) Current carrying rectangular loop
Who gave the principle of electromagnetic induction ?

(A) Faraday (B) Oersted (C) Ampere (D) Volta.

Which is the direction of magnetic force acting on a current carrying wire placed in a
magnetic field ?

(A) along magnetic field (B) along the electric current.
(C) perpendicular to magnetic field (D) opposite to magnetic field.

How is a current carrying wire placed in a magnetic field so that magnetic field does not
act onit ?

(A) Parallel to magnetic field (B) Perpendiculr to magnetic field.
(C) At an angle 40° with magnetic field (D) Can be arranged any way.
From which of the following cases, the induced current in the loop will not be obtained ?
(A) The loop is moved in the direction of the magnet.

(B) The magnet is moved in the direction of the loop.

(C) The loop and magnet are moved in the opposite directions with the same speed.
(D) The loop and magnet are moved in one direction with the same speed.

Which instrument is used in converting electrical energy into mechanical energy ?
(A) Electric generator (B) Electric motor.

(C) Electriciron (D) Electric oven.

On which principle does the electric generator work ?

(A) Electrical energy is converted into mechanical energy.

(B) Electrical energy is converted into thermal energy.

(C) Mechanical energy is converted into electrical energy.

(D) Electrical energy is converted into light energy.

The magnitude of an AC voltage used in India is ———— and the frequancy is
(A) 110V, 60Hz (B) 110V,50Hz (C) 220V, 50Hz (D) 220V, 60 Hz
Which coloured wire is used for earthing ?

(A) Red (B) Black (©) Green (D) canbeofany colour.
Which type of current is obtained from a battery ?

(A) DC current (B) AC current.

(C) Current of AC and DC both (D) Depends upon type of battery.

Which instrument is used to know the presence of an electric current ?

(A) Fuse (B) Galvanometer

(C) Voltmeter (D) Magnetic needle

A fuse wire is

(A) conductor (B) insulator

(C) semiconductor (D) made up of any meterial.
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21. rule is used to know the direction of an induced coment in the circuit.

(A) Fleming’sleft hand {B) Fleming’s right hand.
(C) Right hand thumb @) Ampre’s

22. Howmeny times does an AC electric current with the frequency S0Hz chenge its direction ?
(A) 25 (B) 50 © 100 (D) 200

23. At the center of which of the following four circular rings has maximum magnetic field
while passing equal current throngh each one ?

(A {B)
2. Answer the following questions in brief ;
Give the characteristics of magnetic ficld lines.
Explain the ‘right hand thumb rule’ to know the direction of magnetic field
What will happen while placing a current carrying conductor in a magnetic field ? Explain,
By which law can the direction of an induced electric current can be determined ? Give the
explanation of that law.
. Explain the provision of an earthing wire.
6. Mention the usefulness of a fuse in a domestic elecirical circuit.
3. Write Answers of the following questions :
1.  Discuss the magnetic field resulting from a current carrying circular ring.
2. 'What iz asolencid 7 Give the charcteristics of magnetic field resulting from solenoid.
3. What precautions should be taken during the use of electricity ?
4.  Angwer the following questiony in pointwise :
1. Describe the experiment that explaing the phenomenon of an electromagnetic induction
and pive its conclusions.
2.  'Write a short note on electric bell.
3.  Describe domestic electric circuit with the help of a diagram..
5. Answer the following questions in detadl :
1. Describe the principle, construction and working of = electric motor along with a figure.
2.  Describe the principle, construction and working of an electric generator with a figure.
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UNIT

UNIVERSE

6.1 Introduction

Man’s curiosity to know the mysteries of the universe is as old as human civilization, and seems
to be of undiminishing interest. The movement and the behavior of the heavenly bodies have always
fasenated us. Scientific and technological developments try to resolve many questions regarding our
understanding of the universe; many more have been emmerging while conflicting some of the
conventional beliefs! With an intension to provide a scientific platform to explore the universe, we
shall study the developments in space research, different tools to study them and, in particular, our
solar system in detail. Brief outline of the space science program in India is also included.

6.2 Space Research : An Overview

Early scientific observations for space exploration is traced back to 17" century when Galileo
with his telescope could discover the four large moons of Jupiter and confirmed the different
phases of Venus. In fact, till 1940s, almost all the information about the universe and solar system
were derived from the observations made by such optical telescopes. Since optical telescopes have
certain limitations, huge radio telescopes were later invented and installed. They provided us more
accurate information about the celestial objects. They are usually located at higher altitudes far
from population to avoid electromagnetic interference from radio, TV, radar, etc.. They are superior
to the optical telescopes, as they are not sensitive to optical (visible light) pollution. For example,
the Hubble - space telescope provides great deal of informations using optical, ultraviolet and
infrared waves.

In order to have deeper understanding of neutron star, black hole and supernova as a link
to explore the existence of the universe. The scientists realized that they required X-ray telescope.
In this view, the first imaging X-ray telescope ‘Einstein’ (HEAO - 2), was launched into orbit
by NASA (National Aeronautics and Space Administration) in 1978. It was renamed and launched
as ‘Chandra’ in 1999. The Chandra X-ray observatory sends X-ray pictures of the distant
galaxies also.
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6.3 Changing Views on the Universe

Early astronomers studied celestial phenomena through observations. Many astronomical
happenings cannot be observed more than once in life and they cannot be reproduced in the
laboratories. So their records had taken very long time to get finalized in the reported forms, and
inferences drawn from these observations were mostly through intuitive philosophy. For instance,
Greek astronomer Ptolemy thought that all celestial objects orbit round the earth. Earth, in the
centre of the universe, does not move at all. This ‘earth - centred’ or ‘Geocentric’ models of
Ptolemy was challenged by Polish mathematician and astronomer Nicholas Copernicus through his
mathematical model. He suggested that all planets orbit round the sun including the earth, while
moon revolves round the earth. The sun is in the centre of the universe and is stationary. Copernicus
model is known as ‘Sun-Centred’ or ‘Heliocentric” model. In common, both these models have
assumed circular orbit for celestial objects. It is worth mentioning that, historically, Copernicus
model was the first predictive geometrical model. This heliocentric notion of the universe was also
supported by Galileo’s telescopic observations.

In the sixteenth century, John Kepler, like Newton’s laws of motion, discovered laws of
planetary motion. He considered elliptical orbit to explain the motion of Mars. Later, it is realized
that even within the solar system, the sun is not at the geometric centre of any of planet’s orbit.
It is rather at one of focii of the elliptical orbit. Over the course of 18" and 19 centuries, the status
of the sun was confirmed as one star among many. In the beginning of 20% century, the picture
of ‘Akash Ganga’ (Milky-way) galaxy became clear. It is proved that the sun is at a distance of
30,000 light years from the galactic centre.

ey ey PRSI S gy e :\
FOr iniormation Ui y

Astronomers measure distance in Astronomical Units (AU). One AU is
equal to the average distance between the centre of the earth and the sun.

i.e. 1 AU = 149,598,000 km =~ 1.496 x 10% km
Another unit to measure celestial distances is light year.

1 light year = 9.46 x 10'2 km = 63,240 AU

However, the “principle of relativity” given by Albert Einstein suggests that there is no
obvious centre of the universe. Further, Hubble and X-ray telescopes have revealed the fact that
the universe is expanding and stars and other heavenly bodies are receding away from each other.
According to famous theoretical physicist, Stephn Hawking, there may be many more such universes !

6.4 Solar System

Formation and evolution of the solar system is estimated to have begun 4.568 billion years
ago due to the gravitational collapse of a small part of a giant molecular cloud. Most of the
collapsing mass assembled in the centre and the sun was formed. Therefore, the sun contains
99.86% mass of the solar family. Remaining mass was flattened into orbits and planets, moons
(satellites), asteroids, meteors, comets, etc. were formed. In the Figure 6.1 orbits of nine planets
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are shown. However, Pluto is now considered as a dwarf planet. The centripetal force required
to keep thein in respective orbits is provided by the gravitational force between the sun and the

planets.

.1 Drbitz of the planety in the zolar xywiem

The sun is the main source of energy for us. We receive just desired amount of energy, which
keeps water in liquid state. This is essential for the origin and evolution of life on the earth. As
the zun is essential for the existence of the solar system, we shall first study the sun.

(1) Sym ; Tts diameter is about 13,92,000 km,
Temperatnre of the core region in the sun is about
L.5 erore K. Due to such high temperatore matter in
the core region is in the plasma state. Further, doe
to high density, pressure in the central part of the
sun i also very high. These conditions are
responsible for thermonuelear fusion of 4 hydrogen
mucleii into a belivm nuclens. During this process
some mass of hydrogen nuclei is converted into
encrgy ad per the Eingiein's mass-energy relation,
E = Amc?, where c, is the apeed of light in vacuom.
This large amount of liberated energy is in fact the
source of encrgy for us. This also pives seH-luminous
to the sun.

6.2 Corona

However, towards the surface its temperature reduoces and is about 6000 K at the surface.
Thos, sun looks like a sphere of hot gases. Maiter (plasma) in the sun is confined by strong
magnetic field sumounding it. Variation in magnetic field gives rise to sun spots. Number of sun

spots keep on changing periodically with time. Its petiod is of 11 years.
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About the 400 Ion thick, bright layer around the sun is inown as ‘photosphere’. The density
of photosphere is very low as gases ahove the photosphere are very hot, hence thiz layer is seen
only during the solar eclipse. It iz known as ‘Corena’, meaning crown (Figure 6.2).

Currently, the sun is in its matored state, It is estimated that the sun will die in approximately
5 billion vears. Before that it will expand in size and will become red-giant. Sun’s planets may be
cartried away by nearly passing heavy celestial objects or they may be destroved or ejected into the
interstellar space.

{2) Terresirial Planets : After the sun, other important members of the solar family are the
planets. Qur solar gystem bas nine planets, They can be classified into two : (1) Planets which are
found inside the orbit of Mars, known as terrestrial planets. (2) Planets which are found outside
the orbit of Mars, known as jovian planets. Mercory, Venms, Earth end Mars ere the terrestrial
planets. Strocture of these planets resemble to earth. These planets have fewer number of natmal
satellites and have thin atmosphere.

ﬁiﬁﬁm?:Rhﬂmmlhutphneththemhrsymhsmsisapmﬁmmly%thms
of the earth, It contains metals like nickel (Ni) and iron (Fe) at the centre, Its outer surface is rocky,
Strength of its gravitational force is approximately one third of the earth. Due to weak gravitational
field and short distance from the sun, it has a very thin atmosphere containing vapours of potassium
and sodium. As a result, difference between day and night temperatures is very large. Temperature
of the side facing the sun is 427°C whereas night temperature is -173°C. Duoe to such extreme
temperature difference life iz not possible on mercury. Itz surface has many craters. Some of them
are volcanoes. Most of the craters were formed due to hitting of meteors. Mercury has no moon,

Wenus : It is the second planet of the solar system and is the neighbour of the earth. It is the
mosgt bright planet. Its outer atmosphere consists of white clouds of carbon dioxide (CO,). It is the
only planct that is spinning from east to west, which is in the opposite direction to other planets.
Due to tris reason, the sun rises in the west and sets in the east on the venns. Iis orbit is more
circular. The surface of the vemus
contains large mountains, valleys and
volcanoes. It also has no moon.

Esxth : The third plenet in the
solar family is the carth. This is the
only planet in the solar family which
supports life, It has thin layer of
atmosphere, Thickness of this layer is
about 800 to 1000 km. Thanks to
atmosphere that when meteorus strike
the earth they burn due to friction and
get comvarted into gaseons matter, Thus,
atmosphere protects ns from meteors.
Moreover, it contains thin layer of
ozone gas. This ozone layer absorbs
uliraviolet rays of the sun and reduces 6.3 Internal stroctore of the earth
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their harmful effects on the living organisms. Atmosphere produces green-house effect, which
maintains suitable temperature necessary to sustain life. Due to such favourable circumstances, life
has originated on the earth.

Outer layer of the earth is made up of mud or rocky stones (silicate). Here, proportion of
silicon dioxide (SiO,) is very large. Its core region contains semi-liquid made up of molten iron,
magnesium and silicate like substances (Figure 6.3). It has one satellite, the moon (Chandra).

Mars : Mars is also our nighbouring planet away from the sun. It is reddish in colour. The
surface of the mars has large valleys, mountains and dry rivers. It has negligible atmosphere (1%
of the atmosphere of the earth). This atmosphere mainly contains carbon dioxide. It also contains
nitrogen (N,) and argon (Ar) in small amounts. It is believed that its poles are covered by dry
ice (solid CO,). Information available from Path Finder Mission of 1997 indicates existence of
flowing water on the mars in the past. At present, probability of existence of life on the mars is
negligible. It has two moons, namely Phobos and Demos.

f—G“-fz- r In

NASA of USA has launched a space vehicle known as Mars Reconnaissance
Orbiter (MRO) for detailed study of the mars in August 2005. This un-manned vehicle
landed on the mars on 10® March 2006 after seven months journey. It sends informations
and photographs regarding its atmosphere. NASA has taken up a mission to send a man
on the Mars in next 10 years. Scientists of NASA are of the firm opinion that in the near

future human beings will be sent to Mars.

(3) Jovian Planets : Planets of the solar system with their orbit outside the orbit of the Mars
and composition similar to Jupiter are known as Jovian planets. These planets are bigger in size
but with lesser density. They are mainly made up of Hydrogen, Ammonia and Helium. Rings are
usually seen around them. They have moons of bigger in size.

Jupiter : Jupiter is the fifth planet in our solar system. It is a luminous planet. It is the biggest
planet in the solar system. It is about 1400 times bigger than the earth. Bands of hazy brownish
colour are present on the jupiter. Colour concentration of these bands changes continously. Due
to its brightness, this planet can be seen with naked eye also. It has relatively rocky core and no
real surface. Jupiter has more than 60 moons.

For Information (Onl s.-\
ronr 1MoOormd«auon LI Y/

Because of its mass, Jupiter has a strong gravitational field and due to this strong
gravitational field comets passing near by it gets deviated. Sometimes they break up into
pieces. The reason is very clear. The part of comet nearer to the jupiter experinces more
gravitational force compared to the part of the comet away from the Jupiter. In 1994,
comet Levy Shoemaker was broken into more than two pieces while passing by this
planet. Some of the pieces fell on this planet also. Observations of the jupiter through
radio telescope indicates that jupiter radiates two to three times more energy than the
energy it receives from the sun. Possible reason behind this might be thermonuclear
process taking place on a large scale at its core.
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Saturn : Satum is the second largest planet of the solar family. Its size is 850 times that of
the earth. Thiree beantiful lnminows rings add to it beanty, Some of the scientists believe that
saturn is completely made up of hydrogen. Its core region is made up of solid hydrogen while its
crust is made up of fluid hydrogen, While some other scientists argue that its core is made up of
rocks and metals surounded by thick layer of ice and atmosphere. Its surface temperature is very
low. Its largest moon is Titen.

Uranms : Uranus was discovered by William Harshall in 1781, Iis size is 64 timesz than the
earth. Its diameter is 3.7 times larger than the earth. Its core containg iron, magnesinm and ailicate
rocks. It has layers of hydrogen and helium surrounded by the clouds of methane and ammonia
in the ice from. This planet is smromuled by narrow rings of ash colour.

Neptume : Neptune is bluish in colour. It has two lominous and two hazy rings. Thuos, in total,
it has four rings. Its core region is made up of silicate rocks and ice. Its upper crust containg rocks
of methane, ammonia and water in the ice form. It is a very cold planct. Triton and Nerid are its
well known moons.

Fiuio : As per the new classification of the planets, pluto is known as a dwarf planet. It is
very cold, dark and yellowish planet. Its surface density is similar to that of the earth. Therefore,
it is also considered to be termestrial planet. Its orbit is highly elliptical, Its core region has silicate
rocks sorrounded by water, methane and carbon monoxide in the solid form. Its outer most thin
layer comtains nitrogen, methane and carbon monoxide, Its atmosphere mainly consists of methane
gas. Ploto and its moon, Sheron form a binary system, and they revolve aronnd their
common cenire of mass,

Uranms, Neptune and Pluto cannot be secen with naked eye. Therefore in ancient days only
6 planets were known. Last three planets were discovered using telescope.
6.5 Asterolds

The rocks that failed to form a planet during

the time of the formation of the solar system

are Imown as asteroids. Majority of them ae 3 Jupiter
found in a belt lying between the Mars and >

Jupiter (Figur 6.4). Such rocks me of various 4

gizes. They revolve around the sun. Number of
astercids are approximmately more than 1 lac T
out of which orbits of maore than 4000 astercids : f

are now determined. Asteroids have irregular \

shapes. Size of these asteroids can be estimated
cn the baais of their himinosity. The first ever
discovered and the largest asteroid is Ceres. Iis
diameter is approximately 1000 km. Luminous % EESSSUERSTS o] o

. is . y 400 km. Light minotes Astronomical wnits

Fignre 6.4 Asteroids helt
Fig
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While revolving around the sun these asteroids keep colliding with each other and keep on
breaking. Sometimes their debris come to the earth in the form of meteors. Some of them are very
large, which are known as meteorites.
the probable constituents.

6.6 Shooting Stars

Various substances of different sizes keep on coming to the earth regularly. Such sobstances
are known as meteors. When they enter the earth’s atmosphere, they burn due to friction ceuse by
the earth's gravity and a streak of light iz seen. This, in ordinary language, is called shooting star
(Figure 6.3). In fact, they are not stars. Maximum number of meteors are seen in the period
hetwesn August to November. Sometimes, the heavenly body of latge size cannot born completely
and strike the earth surface as fire ball. Such burning fire balls are known as meteorites.

Fig. €5 (a) Shooting stars Fig. 4.5 (b) Meteorite

—@‘i}r Information {&%

When very large meteorites strike the earth they create craters. Some of such craters
are converted into lakes. Lonar lake of Maharashtra is the example of it. One such crater
in Arizomna in America is 180 m deep amd 1300 m broad. The meteorite which produced
thiz crater is belisved to be having 10 lac ton mass. In 1978, near Dhajala village of
Surendranagar district, a meteovite weighing 40 kg struck. This mefeorite is known as
Dhajala Ulka (Ulka means meteorite). Actual origin of these meteorits is unkmown but
they are suspected to be from the belt of the asteroids.

It is found that compositions of meteorites is largely due to sand, iron, nickel, e,
This gives an idea of what iz the composition of other planets of the solar system,
However, it iz difficult to gay with surety unless we know the exact origin of the meteotites.

In the desert of wesiern Ausiralia nomerons meteorites are foond. Here, an automatic
station is established, which provides more informations about the origin of meteorites
and locations of their landing.
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d Com

Around the solar system far from Pluto there is a group
of about 10 billion celestial objects, which are known as
clond of Urt Due to gravitational force of the sun and
other stars, they start moving towards the son. They are
known s comets. Most of the comets revolve around the
sun in an elliptical orbit (See Figure 6.6). Comets are spheres
of dust and icy rocks, As they come closer to the s, ice
vapourizes and a long bright tail is formed. When comet is
nearest to the sun its luminous tail is the longest and points
opposite to the sun. As it moves away from the sun, its tail
becomes shorter and eventually vanishes.

Since tail is seen from the earth, comet iz also called
a iled-star. In fact it is not a star and tadl is not permanent.

Uptill now, otbits of 750 comets have been discovered. The most famous of them is Halley's
comet. It comes close to the sun at every 76 years. It was last seen in 1986 and will be seen again
in 2062, It is named after Edmond Halley, who studied it in detail.

In 1997, Helbopp, another brilliant comet, was seen for about 19 months with naked eye.

Comets are basically made up of water, carbon dioxide, ammonia and other frozen gases
along with dnst particles. Since their compositions resemble to the composition of the other members
of the solar family, they are of great importance to scientists. Detailed study of their tail has shown
that it contains the molecules of CO and HCN. These molecules are essential to form complicated
compouands necessary for the origin of life. Hence, goime of the scientists believe that such molecules
must have arrived at the earth through comets, and life had originated on the earth.

In ancient days arrival of the comet was considered as the bad omen and was believed to be
responzible for war, epidemic or natmral calamity like floocl, But modem =cience has proved that
the arrival of a comet is just a normal event and there is no need to panic about it.

&5 San

Fig. 6.6 Ovbit of u Comet

The celestial self luminous objects which produce energy on their own in the form of radiation
due to thermonuclear fusion process are called stars. Stars are hot spheres of gases like hydrogen
and helivm. The sum is also one such ztar. There are mummerous stars of various gizes. Stars bigger
in size compared to the sun have cartbon-nifrogen thermonuclear fosion process in their cores.

The sters seem to be permanent and of the same natore as if they do not undergo any changes.
But they are bom, grow and eventually die. Sun-like stars die as white dwarf while those much
larger in zize end up in black holes, Different phasez of their life span depends on their sizes,

Stars appear in different colours. The star having red colour has the lowest sirface tempeyature
and the star having blue colour has the highest snrface temperature. Colour and sarface temperature
depends on their phases. Their physical characteristics change with time.
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6.9 Nakshatra

An imaginary aphere covering the sky with the earth at its centre is known as the celestial
sphere. The ecliptic of the celestial spheve is divided into 27 equal parts, which are known as
Nakshatra. Their angular region is 360° + 27 = 13°20. (Read as thirteen degree twenty minutes.)
Cur moon undergoes 13°20' angular displacement every day along the elliptic path. Thus, moon
remaing in one nakshatra for a day, while the sun remains in one nakshitra for 365 + 27 = 13.5
days. Nakshatra are given names on the basis of imaginay figures formed by joining stars or by
luminous stars belonging to the nakshatra. Pushya, Swati, Ardra, etc. are some of the well known
nakshatras. In India, they have religious importance too.

6.10 Night-Sky

You might have noted that the star rises four mimmtes eatlier conmpared to the previous day.
It is because the earth takea 23 hours 56 minutes to complete one rotation about its own axis while
day is made vp of 24 hours. During thess 4 minntes stars in the celestial sphere undergo angolar
displacement of 1°. Tn a8 month their angular displacement becomes 30*. If yon watch them at
particular tivme everyday, within six mosths they undergo angular displacement of 180° (iLe. from
hotizon to horizon). Thus, after the six months the same stars are not seen. This shows that night-
sky changes everydey. But this change is not noticeable in a single day and one should observe
the sky for considerable time like a month or so.

6.11 Milky-Way and Other Galaxies

Numerous stars in the universe are not distributed uniformly. But they are found in big
closters. Such a big cluster of stars is known a3 a galaxy. During dark and clear sky, we can see
a milky belt stretching from north to south, It looks like flowing river Ganga, and hence the name
Milky-way. If milky-way is viewed from the side, bulging is seen at the centre and tapered towards
the ends. When it is viewed from the top it is scen spiral in shape. Its diameter is about 1 lac Light
years and the thickness of the middle part is about 15 to 20 thousand light years.

As already noted, our sum iz at 30,000 light years away from the galactic center, It completes
one revolution arcund the galactic cendte in 22.5 crore years at the speed of 250 kom per second.
There are about 10" galaxies and each galaxy contains about 10" stars. Thus, in all there are about
10% stars. Galaxies are of different shapes, of which following two are the main :

(1) Spiral galaxy (Figure 6.7 (a)) (2) Elliptical galaxy (Figure 6.7 (b} )
Other galaxies are of irregular shapes (Figure 6.7 (c)).

{a) Bpiral galaxy (b} Elpdical galuxy {c) Irregmiar Shaped galaxy
Fig. 6.7 Diifferent types of Gulvies
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Most of the stars in elliptical galaxies are very old and red in colour. Whereas in spiral galaxies
most of the stars are bluish and they are young. So it is believed that elliptical galaxies are older
than spiral galaxies. In the universe, number of spiral galaxies are more.

6.12 Blackhole and Pqual_'

chole : A blackhole is a region of space from which nothing can escape. Gravitational
collapse occurs when outward internal pressure is insufficient to resist the star’s own gravity. When
massive star (whose mass is larger compared to solar or sun’s mass) at the end of its life cycle
collapse in a supernova, and eventually ends up into a black hole. Once a black hole is formed it can
continue to grow in mass by absorbing mass from its surroundings and may become supermassive
black hole with millions of solar mass. It is believed that star formation in the young universe might
have produced such massive blackholes of mass 1000 times greater than the solar mass. Such
blackholes are found at the centers of most galaxies. There is a strong evidence of a blackhole of
more than 4 million solar mass at the center of our Milky-way.

Around a blackhole, we may imagine a surface, called an “event horizon”, which marks the
points of no return. Light reaching to event horizon will be absorbed like a black body in
thermodynamics, so it is called ‘black’. However, quantum mechanics predicts that even black
holes emit radiation at finite temperatures. Since temperature of a blackhole is inversely proportional
to its mass, they radiate by small amount. This makes very difficult to observe this radiation, and
astrophysicists have to rely on indirect observations. Its existence can sometimes be inferred by
observing its gravitational interactions with its surrounings. For example, X-ray binaries (binary
star which emits radiation in X-ray region of the electomagnetic spectrum) are formed due to
accreating matter by one star (accreation-star) from the other (regular-star). By studying regular star
we can determine the presense of the blackhole.

Classification of blackholes based on their mass, electric charge and angular momentum.
However, still it is a mystery to astrophysicists that what mechanism is responsible for restricting
gravitational collapsing to zero.

Prediction of neutron stars through Einstein’s general theory of relativity sparked interest in
such gravitationally collapsed objects. This was then supported by the discovery of rapidly rotating
neutron stars, pulsar, in 1967.

Pulsar : The core of massive star when compressed during supernova becomes a neutron star.
However, so formed neutron star retains its original angular motion. But due to its reduced size
it rotates faster. This infalling matter and high speed rotation results into the emission of high
energy radiation along its magnetic axis. Howerer, alignment of magnetic axis and rotation axis are
generally not same. This misalignment causes the electromagnetic radiation to be seen twice during
its one rotation. Thus, it appears as if the star radiates in pulsar. Hence the name is given pulsar.
In fact, it is the abbreviation of a pulsating star. This process of pulsating energy stops after about
10-100 million years when pulsar stops rotating. To date, the slowest observed pulsar has period
of 8 seconds.
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6.13 History_ of Space E);_Ploratior}_

Space exploration is the term used to explore the outer space using the principles of space
technology and astronomy. While the observation of objects in space is known as astronomy, it
was the development of large rockets during the early 20™ century that allowed physical space
exploration to become a reality. The pioneer of space travel was a Russian, Konstantin Tsiolkowsky
(1857-1935). He realized that only a rocket could take us to near space. He also proposed that a
rocket should be built in stages so it would dump each stage when its fuel (propellant) would be
exchausted. We know that rocket works on the Newton’s third law of motion. Fuel in the rocket
engine burns very quickly, thus producing large amount of gases. These gases come out of the
nozzle with large momentum and rocket is pushed upwards. This action requires special kind of
fuel. For example, a mixture of liquid hydrogen and oxygen is used as a liquid fuel, while
powdered mixture of ammonium perchlorate or ammonium nitrate and aluminum are used as solid
fuel. Rockets are disgined to carry scientific devices or instruments, which are called payloads.

A multistage rocket has two or more stages, each of which contains its own engines and fuels.
The main advantage of multistage rockets and boosters is that once the fuel is exhausted, stages
are dropped off to reduce the weight of the rocket. This provides more acceleration to the remaining
assembly with less fuel requirement. Indeed, these multistage rockets have done tremendous jobs
to push space exploration truly into the multifold discipline.

For example, the Russians have launched first artificial satellite, Sputnik-I on 4® October
1957. Immediately, America launched its first satellite Explorer-I in January 1958. The first human
being, Yuri Gagarin, was sent in space by Russia on 12® April 1961, while the first space walk
was done by Aleksi Leonov on 18® March 1965. In the subsequent years scientists launched series
of satellites to investigate different planets and moon of a solar system. On 21" July 1969,
astronaut Neil Armstrong of Apollo 11 mission landed and stepped on the moon. In 1971 and
1973, Russians and Americans launched their space stations, Salyut - I and Skylab, respectively.
In 1980, India has launched its first satellite, Rohini.

In fact, after the first 20 years of space exploration, scientists of different countries have
realized that space exploration is a very costly mission. Therefore, they have sh1fted focus from
competition to cooperation, and have jointly built International Space Station (ISS). As a result,
many more countries have participated in space exploratmn programme.

Multistage rockets have couple of major drawbacks (i) staging may result into failures like
separation ignition or stage collision, and (ii) the cost factor. This led to the foundation of a reusable
launch system — orbital space craft and the space shuttle. It carries different payloads to low earth
orbit, provides crew rotation for ISS and performs servicing missions. It can also be used to recover
satellites and other payloads from orbit to earth or it may repair the damage part in the orbit itself.

Space Shuttle :

The first space shuttle, Colombia, was launched on 12% April 1981, followed by Challenger,
Discovery, Atlantis. Hubble telescope was launched from the space shuttle Discovery (Figure 6.8)
in April 1990.

Space shuttle is composed of threee main p : The reusuable Orbiter Vehicle (OV), the
expandable external tank (ET), and the two reusable solid rocket boosters (SRBs). The space
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shuttle is lanuched vertically like a
conventional rocket, revolves around
the earth, does its job and retmnes to
earth, hike an aeroplane. After which
it iz repolished for reuze. During the
flight of space shuttle, the SRBz are
dropped with the help of parachute
to a predecided location in the ocean.
During the descent the orbiter passes
throngh different layers of
atmosphere and slowz down,
primaily, by aerobraking. Howerer,
speed of the space shattle remain still
30 high that air-friction penerates
Iarge heat energy. To protect againat
this heat, cuter surface of the space
shullte is made up of a special alloy. Once the apace shuttle comes to very low altitudes, pilot takes
over the control of space shuttle and it lands like an asroplane,

All space shuitles are launched from Kennedy Space Centre due to favourable geographic
conditions.

However, space shuitle flights are not always safe. On 28" Janmary 1986, Challenger
disintegrated just after its lamch, and all the seven crew members died. On 1* Febroary 2003,
Colombia met an accident during its re-eniry to the earth, Again all seven astronauts were killed
including Kalpana Chawla of Indian origin,

Apart from physical space exploration to understand the natore and existence of the universe,
scientists try to sinmlate conditions in the laboratories similar to the one which was supposed to
be just after the big bang, For example, Latpe Hedron Collider (LHC) is the world’s largest particle
accalerator experiment. Scientists expect novel insight to understand deepest laws of nature, existence
of dark matter, origin of universe, etc. from this experiment
= For Information Only)

The LHC lies in a 27 km long circular tunnnel at a depth of 175 m at the Franco -
Swizs border near Geneva. It is degigned to collide opposing beams of very high enexgy
protons. They are accelerated to almost the speed of light in vactum. It is built by
Eutopean Organization for Nuclear Research. Total cost of the experiment is expected
to be approximately $ 4.4 hillion !

The term hadron refers to patticles composed of quarks. e.g, proton.

6.14 Varions Types of Artificial Satellites and Their Orbits

6.8 Discovery Space Shitie

A smaller heavenly object revolving around a bigger object is known as satellite. Moon is the
netural satellite of the earth, “A man-made antometic system launched in the space with a special
purpose and revolving around the earth is known as an artificial satellite,”
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Modem artificial satellite are equipped with
transpondors, high resolumtion cameras, tadio meters,
solar pancls and necessary foels. These satellites
observations taken by various equipments in a

proper format to the earth station. India

its first satellite Rohini on 18% July 1980 using

SLV-3 rocket, and becaine the seventh

the space-club, So far, India has launched Rohini,
SROSS, IRS series, Resource sat, Carto sat satellites
(Figure 6.9) using our own rockets. We have also

launched INSAT series with the help
Coumiries.

Orbits of the Artificial Satellites :

Usually artificial satellites are kept in one of the

following orbits :

(i) Equatorial orbit and (ii) Polar orbit.
“The arbit which iz parallel to the equator is

known as an equatarial arbit.”

“The orbit which is parallel to menidian is kmown

as a polar orbit.” (Figure 6.11)

The revolution period of a satellite having height
from the earth’s surface equal to 35,786 km is 24

launched

nation in

of other

To understand the principle of satellite lannching
we have to go back to gravitation. Suppose you throw a
stone in the horizontal direction from the top of a tower,
what do you observe ¥ You would observe that the path
of the stone is perabolic and it retums to the earth. If the
object is thrown with more speed, it travels longer distance
in the horizontal direction, Gradually, if we increase the
speed in this way then at some speed the object will start
revolving around the earth instead of falling on the earth
Figure 6.10. The minimum speed required iz 8 km/sec.
to revaolve around the earth in orbit. Before projecting the
satellite in s way if is taken to a height of 200 km to
minimize the friction due to atmosphere.

Fig. 6.11 Orhits of Artificial Satellites

hours. Therfore, such satellite is acen to be stationary
when viewed from the earth, It is called geo-stationary satellite and such orbit is known as geo-
statipnary orhif. Satellites in such orbits do not require any ensrgy for its revolotion. By arranging
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three geo-stationary satellites at proper place in the orbit, the entire earth can be linked and signals
from any comer of the earth can be sent to any other place on the earth.

Some of the satellites are launched in polar orbits. Their height from the surface of the earth
is about 1000 km and their revolution period is 2 hours or less. Such satellites have a number of
revolution around the earth in a day, and they pass through a location on the earth at a regular
interval of time. This interval of time is called repeating time. Remote sensing satellites of India
and America’s landset visit any location on the earth at the interval of 21 days and 16 days,
respectively. During these days they scan the entire earth.

Useful life time of the satellite depends on stability of their orbits. So their path is constantly
observed and they are re-established in their orbit using rocket engines attached to them.

Orbits of artificial satellites like natural satellites are elliptical due to the effect of gravity.
However, to calculate the revolution period orbits are considered circular for the sake of simplicity.

6.15 Uses of Artificial Satellites

Using artificial satellites we are able to see events happening in any corner of the world on
our television. We also get weather forecast. In the field of education, country-wide classroom
becomes the reality. Tele-conferencing enables us to have a meeting with people separated by long
distances. Satellites are also useful in space research, communication, remote sensing, defence, etc.
Human beings have lots of advantages due to satellites. Some of the uses are discussed below.

For Communication : In the field of communication, we use satellites for telecomunication,
television transmission, radio networks and computer networks. Country-wide classroom and tele-
conferencing have enabled us to spread education in remote villages of the country. For this
purpose India has launched INSAT series. So far we have launched INSAT 1,2,3 series for these

purposes.

For f:r';{";‘,'":“zu'\;“,l?} NI .f;n'“:.v
FOI ANormaiion K J(."Ei/

British scientist Arther Clark, in 1945, had suggested that a geo-stationary satellite
can be used for communication purpose for microwave relays.

T 1

For Weather Forecast : We can also get information regarding weather using satellite of
INSAT series. These satellites can take photographs of clouds, provide useful information about
surface temperature of the oceans, temperature of various layers of atmosphere, humidity in the
atmosphere, etc. They also provide forecast regarding monsoon or sudden climatic changes that
can cause storms or hurricanes.

For Remote Sensing : Remote sensing 18 the method by which information about a substance

= o = Aamannn cran hae ahtfainad 1icina ecniantifis i notE 1y = 1th it Airant Aanntant varath thasn *?
Or a phenomenon can be obtained using scienitiic mstruments without direct contact with them.

Using satellite we can carry out geological survey of metallic ores present in the earth’s crust,
changes in the forest and environment, water resources, agriculture resources, etc. It also provides
information about diseases that can spread in the crops. It is also used in oceanography and study
about movements of fishes. The installation of sensors in the remote sensing satellites covers the
area of 10 sq. m to 6400 sq. m, and they send the information to the earth-station.
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Remote sensing techmiges basically depends on solar radiation and enerey. Each and every
substance on the earth emits ensrgy in certain amount depending on their temperatore. They alzo
reflect incident solar energy in virious amounts. The sensors kept in the satellites receive these
radiations and send its information to the earth-station, Stndy of such information enables us to

interpret the situation of the surface of the earth. Of course, it requires special training to interpret
these data or informations.

6.16 Indiian Space Research Programme
Artificial satellites have potential applications in the field of mass commumication, weather
forecasting and remote sensing. ISRO (Indian Space Resemch Organigation) has developed and
launched various satellites.

p—r(For Information Only)
Dr. Vikram Ambalal Sarshhai (1919-1971) was born in Ahmedabad
on August 12, 1919. He carried out his research on cosmic waves and
obtzained PhD). degree from the Cambridge University. He established
‘Physical Research Laborabory’ (PRL) and ‘Ahmedabad Textile Industry
Research Association’ (ATIRA) in Ahmedabad He has given valuable
comiributions in the development of rockets and space research in India. He
is known as the Father of India's space programme. Scientists contributing
remarkably in this field are given Dr. Vikram Sarsbhai Memorial Prize,

They are widely used for transmission of TV signal and communication, along with a geological
survey for mineral resource, for agriculiural purpose and stndy of marine life.

The rocket launching programme of ISRO have been utilized on commercial basis by other
comntries also.

6.17 Programmes Comdncted by ISRD

® INSAT (Indian Netional Satellite System) has ita seties INSAT - 1, 2, 3 were launched in the
space and INSAT - 4 was launched on 22* December 2005 from Guana (France) which will
be useful for Direct To Home (DTH) service for TV transmission.

¢ IRS (Indisn Remote Sensing) satellites have been launched. IRS -1, IRS - P series which is
meant for commercial purpose, whereas METSAT (Meteorological aatellite) is used for weather
forecasting.

» The Resource satellites are nsed for the siudy of oceanography.

# Carto sat is nsed for geographical survey.

# Rohini satellite series is for astronomdcal observationa,

e  PSLV (Ploar Satellite Launching Vehicles) is used for launching 1000-2000 kg class of remote
sensing satellite.

o GSLV (Geo Synchromous Satellile Lauch Vehicle} lmmched EDUSAT' nearly weighing
2500 kg in space, in September 2004,
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What have you learnt ?

¢ Limitations of optical telescopes have led foundation for X-ray telescopes. The ‘Chandra’
X-ray observatory takes X-ray pictures of astronomical happenings.

e Our views on the universe continuously change. From earh-centred to sun-centred, expansion
of the universe, many universes, etc.

¢ Our solar system is made up of nine planets, satellites, asteroids, meteors, comets, etc.

e Planets which are found inside the orbit of Mars and having structure similar to the earth are
known as Terrestrial planets.

e Planets which are found outside the orbit of Mars and having composition similar to Jupiter
are known as Jovian planets.

e Venus is the only planet in the solar system, which revolves around the sun in opposite
direction to other planets.

o Asteroids are the rocks that failed to form a planet. They are found between Mars and Jupiter.

» Asteroids keep on colliding with each other, and keep on breaking. Their debris coming to
the earth are known as meteors. Meteors of large sizes are known as meteorites.

¢ Due to earth’s atmosphere, meteors coming to earth burn and produce a streak of light. This
appears as a shooting star.

e Comets are also known as tailed-star. Its tail is longest and point in opposite to the sun when
it is nearest to the sun. They revolve round the sun at a regular interval of time.

e The celestial self luminous objects due to thermonuclear fusion are known as stars. Stars are
not permanent. But they born, grow and eventually die.

e 27" part of the ecliptic sphere is known as nakshatra.

e Stars are found in big clusters, known as galaxies. Our solar system belongs to Milky-way
galaxy. There are about 10" galaxies each containing 10" stars. They are mainly found in
two shapes : spiral and elliptical.

» Black holes are supermassive celestial objects such that no radiation can escape from their
strong gravitational pull. Their existence, usually, can be found through X-ray binaries.

e Pulsating neutron stars are known as pulsar.

Rockets require special kind of fuels (propellant)
Liquid fuel : Liquid hydrogen and oxygen.
Solid fuel : Mixture of ammonium perchlorate or ammonium nitrate and aluminum.

e Space exploration is now done using space shuttle. Important parts of it are Orbiter vehicle

(OV), expandable external tank (ET) and solid recket boosters (SRB).

Man-made satellites are known as artificial satellites. They are used for the benefit of the

mankind. Geostationary satellites and polar satellites are the two types of artificial sate]lites.J

EXERCISE

1. Select the proper choice from the given multipule choices :
(1) Which of the following is a star ?

(A) Sun (B) Phobos (C) Asteroids (D) Comet
(2) Which of the following is not a member of the solar system ?

(A) Asteroids (B) Shooting Star

(©) Sun (D) Artificial satellite
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(3) What is the periodic time of Halley’s comet ?

(A) 67 yrs (B) 76 yrs (C) 86 yrs (D) 100 yrs
(4) Matter in the core region of the sun is in ............... state.

(A) Solid (B) Liquid (C) Gaseous (D) Plasma
oé) ... is the most brilliant planet of the solar system.

(A) Earth (B) Venus (C) Jupiter (D) Mars
(6) Poles of Mars are covered by ........... .

(A) dry-ice (B) water-ice (C) nitrogen (D) iron
) I was the first person to land the moon.

(A) Yuri Gagarin (B) Aleksi Leonov

(C) Kalpana Chawla (D) Neil Armstrong.
(8) Distance of geostationary satellite from the earth’s surface is ....... km.

(A) 43,000 (B) 37, 956 (C) 35, 786 (D) 23, 123.

Answers the following questions in brief :

(1) Write the two uses of artificial satellites.

(2) What are stars and what are they made up of ?

(3) Give difference between earth-centred and sun-centred models.
(4) How X-ray astronomy is useful in space exploration ?
(5) Explain the formation of the solar system in brief.

(6) What are terrestrial planets ?

(7) What are jovian planets ?

(8) Explain equatorial and polar orbits of artificial satellites.
Write answers to the following questions :

(1) Write notes on :

(1) Mercury (ii) Venus (iii) Mars (iv) Saturn
(v) Pluto (vi) Shooting Stars (vii) Night-sky  (viii) Milky-Way galaxy

(2) How artificial satellites are useful in communication ?
(3) What is remote sensing ? How satellites are useful in remote sensing ?
Answer the following questions in detail :
(1) Give a detailed note on the program conducted by ISRO.
(2) Write a note on the blackholes.
(3) Write a note on the Earth.
(4) Write a note on Nakshatra.
Answer the following questions pointwise :
(1) Write a detailed note on comets.
(2) What are galaxies ? Give detailed account of different types of galaxies.
(3) Write a note on Space shuttle.
o
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UNIT

Acips, BASES AND SALTS

7.1 Introduction

From the studies in earlier standards, it can be said that juice of sour fruits, juice of lemon,
solution of tamarind and butter milk, used in everyday life have acidic nature. Aqueous solutions
of baking soda and washing soda have basic nature; while aqueous solution of common salt has
neutral nature. The acidic, basic and salt nature of aqueous solutions is due to the acid, base or salt
present in them. Thus, the utility of acid, base and salt is specific in our everyday life. The aqueous
solutions of these salts are very important in biological systems and chemical industries. We shall
obtain more information about acid, base and salt in this unit.

7.2 Theories of Acid and Base

What are acid and base ? Many scientists have proposed different theories for the answers to these
questions. About 300 years ago, Robert Boyle defined acid and base on the basis of chemical properties.
Acids are sour in taste, turn wet blue litmus paper into red and liberates dihydrogen gas (H,) by reaction
with metal; while bases are bitter in taste, turn wet red litmus paper into blue. By neutralisation reaction
between acid and base, salt and water are produced. This type of definition is called operational
definition because it is based on its properties. This definition is also called old definition. In the modermn
definitions of acid-base — Arrhenius, Bronsted - Lowry, Lewis acid-base theories are included. We shall
understand the first two from them — Arrhenius and Bronsted-Lowry theories.

(1) Arrhenius Acid-Base Theory

The definite concept about acid and base was given in 1884, by Sweedish Scientist Svante
Arrhenius. According to his opinion “Acid is a substance containing hydrogen which produces
hydrogen ion (H*) in its aqueous solution, and base is a substance containing hydroxide
which produces hydroxide ion (OH") in its aqueous solution.” It can be said on the basis of
Arrhenius acid-base theory that acid ionises in water and produces H* and base ionises in water
and produces OH ion. Thus, the theory of ionisation is involved in the basis of this theory.
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HA ag) _ThO  H'aq)+ A(aq) A~ = Negative ion (eg. C17, Br™ NO,)

Acid Hydrogen ion
HNO, () _thO | H'(ag) + NO T(ag)
Nitric acid Nitrate ion,

HCl () _ M0 | H'ag) + Clag)
Hydorchloric acid Chloride ion

MOH (s) _ 10 | M*aq) + OH(ag) M* = metal ion or NH,*

Base Hydroxide ion

NaOH (s) _ 10 | Na*(ag) + OH (ag)
Sodium hydroxide Hydroxide ion

KOH (s) _ 10 | K'(ag) + OH(aq)
Potassium hydroxide Hydroxide ion

Arrhenius acid-base theory became very powerful yet, three limitations were observed. (1) It
is applicable only to aqueous solutions. (2) Ammonia (NH,) does not contain hydroxide ion even
then its aqueous solution acts as base. It could not explain this. (3) According to this theory, H*
is highly unstable, because it is hydrogen atom without electron i.e. positive hydrogen ion or
proton. Its independent existence is not there, because it combines immediately with solvent viz
H + HO — H3O+ Hydronium ion.

o A T } [ - | & A R oo T g
(2) Bronsted-Lowry Acid-Base Theory

To explain the limitations of Arrhenius acid-base theory, in 1923 Danish Chemist Johannes
Bronsted and British Chemist Thomas Lowry presented a detailed concept of acid-base. It is
known as Bronsted-Lowry acid-base theory. This theory can be applied to aqueous and non-
aqueous solutions. In addition it can also give the explanation about the aqueous solution of a
substance like ammonia to be base even though it does not contain hydroxide.

L 1hotann ik P M e LIS @ O pp 0 41
I'he substance which donates a proton ((H") to «
i

acid. The substance which accepts a proton from other substa | 1sted-L )

base. In short, Bronsted- Lowry acid is a proton donating substance and Bronsted Lowry base is
a proton accepting substance. Thus, on the basis of this theory the concept of proton transfer is
involved. According to this theory, the species responsible for acidity is not (H*) but H3O+,
because H' forms bond with water (HZO) and forms hydrated hydrogen ion (H3O+). Generally,
H3O+ is known as hydronium ion. In H30+ there is a co-ordinate covalent bond between H* and
HZO, because the bond between them is formed by sharing of electron pair on oxygen atom of

water.
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Co-ordinate covalent

R

H' +:0-H—HIO-H| _|HCO-H

H H H
Hydronium ion
Now, we shall understand the Bronsted-Lowry acid-base concept by an example.

When hydorgen chloride gas is dissolved in water, hydrogen chloride gas donates proton to
water; so hydrogen chloride gas is Bronsted-Lowry acid and as water accepts a proton, water is
Bronsted-Lowry base.

HCl(g) + HO() — H3O+(aq) + CI(aq)

Acid Base

/_\ " _

H.Cl. +40,H — {H:O;H] + [; Clj]
H H

When ammonia gas (without hydroxide ion) is dissolved in water, ammonia gas water donates
a proton to Bronsted-Lowry base, i.e. ammonia gas. Hence water is a Bronsted-Lowry acid.

NH(g) + HO() -  NH,'(ag) + OH (aq)

Base Acid

H H H T _
HfN:i+/j-O'xH = |H*N:H| + [ZO;H]

H H

Here, in both the examples water acts as base and acid respectively. Thus, water acts both
as acid or base according to the reaction; so it is called amphoteric. The amphoteric nature of water
can be well understood by reaction between two molecules of water.

HOO + HO() — H3O+(aq) + OH (aq)
Base Acid

7.3 Chemical Pro_Perties of Acids and Bases

Before the study of chemical reactions let us discuss acid-base, and how acid and base are
formed. The reaction of oxide of non-metal with water, acid is formed, i.e.

oxide of non-metal + water — acid
e.g. SOS(g) + HZO(l) - HZSO 4(aq)

Sulphur trioxide Sulphuric acid
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CO2 (& + HZO(l) - H2C03(aq)
Carbon dioxide Carbonic acid
By reaction of oxides of metal with water, base is formed i.e.
Metal oxide + Water — Base

Na O(s) + HZO(l) - 2NaOH(aq)

Sodium oxide Sodium hydroxide
CaO(s) + HZO(l) - Ca(OH)z(aq)
Calcium oxide Calcium hydroxide
Li O(¢s) + HO() — 2LiOH (aq)
Lithium oxide Lithium hydroxide

Chemical Properties of Acids
For the chemical reactions of acid, H' or H30+ present in its aqueous solution; is responsible.

(1) Reaction of acid with metal: By reaction of acid with metal, salt corresponding to
metal and dihydrogen gas are produced.

Acid + Metal —» Salt of Metal + Dihydrogen gas

e.g.
2HCl(aq) + Ca(s) — CaClz(aq) + Hz(g)
Hydrochloric acid Calcium chloride
H,SO,(aq) + Mg(s) > MgSO,(aq) + H(g)
Sulphuric acid Magnesium sulphate

Nitric acid being oxidising agent, by reaction with metal, water is produced instead of

dihydorgen.
8HNO3(aq) + 3Zn(s) » 3Zn(NO,),(aq) + 2NO(g) + 4H20(l)
Nitric acid Zinc nitrate

Generally, noble metals like, Au, Ag, Pt do not react easily with acid.

(2) Reaction of acid with base : Salt and water are formed by reaction of acid with base.
This reaction is called neutralisation reaction.
Acid + Base —  Salt + Water
e.g. HCl(aq) + NaOH(aq) - NaCl(aq) + HZO(l)
Sodium chloride
H,SO,(aq) + 2KOH(aq) - K SO,(aq) + 2H,0())

Potassium sulphate
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ZPH\IO3(aq) + Ca(OH)Z(aq) -

H,CO,(ag) + 2NaOH(ag) —

HCl(aq) + NH,OH(aq) N

G B 1 y § e 1 i . e [NRRSIN T SRS Ly
(* / Reaction of acid with meta

Ca(NOs)z(aq) + 2H O()
Calcium nitrate
Na,CO,(aq) + 2H, 0()
Sodium carbonate
NH,Cl(aq) + H,0()
Ammonium chloride

| oxide : This reaction is similar to the reaction of acid with

base which means that by reaction of acid with metal oxide, salt and water are formed.

Acid + Metal oxide -

e.g. 2HCl(aq) + NaZO(s) -
Sodium oxide

H SO, (ag) + MgO(s) —

Magnesium oxide

2HNO3(aq) + CaO(s) »

Calcium oxide

{4 5 ] il B e L L R 3 Sy | gy I e LT Taural e
(4) Reaction of acid with metal carbonate or metal hydr

Salt + Water
2NaCl(aq) + HZO(l)

MgSO,(ag) + H,O()
Magnesium sulphate
Ca(NO3)2 (aq) + HZO(l)

Calcium nitrate

ogen carbonate : Most of the

acids produce salt, water and carbon dioxide by reaction with metal carbonate or metal

hydrogen carbonate.

Acid + Metal carbonate / Metal hydrogen carbonate — Salt + Water + Carbon dioxide gas

e.g. 2HCl(aq) + Na2C03(aq) -

Sodium carbonate

HZSO 4(aq) + MgCOS(s) -

Magnesium carbonate

2HNO3(aq) + K2CO 3(aq) -

Potassium carbonate

HCl(aq) + NaHCO 3(aq) -

Sodium hydrogen carbonate

H,SO (aq) + 2NaHCO (aq) -
HNO (aq) + NaHCO, (aq) N
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2NaCl(aq) + HZO(l) + CO,(g)
MgSO,(aq) + H,00) + CO,(¢)
2KNO,(aq) + HZO(l) + CO(2)
NaCl(aq) + H,O()) + CO,(g)

Na SO, (aq) + 2H O() + 2CO,(g)

NaNO,(aq) + HO() + CO(g)

Sodium nitrate
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Chemical Properties of Bases :

For the chemical reaction of base, the OH™ present in its aqueous solution is responsible.

(1)

' y

e.g.,

—
N

e.g.,

Reaction of base with acid: Reaction of base with acid forms salt and water. This

reaction is called neutralisation.
Base + Acid — Salt + Water
NaOH(aq) + HCl(aq) — NaCl (aq) + HZO(l)
2KOH(aq) + HSO,(aq) — K SO, (aq) + 2H 0()
Ca(OH)2(aq) + 2HNO3(aq) - Ca(NOS)Z(aq) + 2H20(l)
2NaOH(aq) + H,CO,(aq) — Na CO,(aq) + 2H O()
NH OH(aq) + HCl(aq) — NH,Cl(aq) + H O()
Reaction of base with non-metal oxide: This reaction is similar to the reaction of base
with acid, that is, salt and water are formed by reaction of base with non-metal oxide.

Base + Non-metal oxide — Salt + Water
Ca(OH),(aq) + CO(8) — CaCO,(s) + H,0()
Calcium carbonate
2NaOH(aq) + SO,(g) - Na SO, (aq) + H,0()
Sodium sulphate

Reaction of base with some metals : By reaction of strong base (see point 7.2) like
sodium hydroxide with certain amphoteric metals (Zn, Al), salt and hydrogen gas are
produced.

Base + Metal — Salt + Dihydrogen
e.g., 2NaOH(aq) + Zn(s) — NaZZnO2 (aq) + Hz(g)

Sodium zincate

2KOH(aq) + 2A1(s) + 6H O() — 2KAI(OH), (aq) + 3H(g)

Potassium aluminate
Sodium zincate and Potassium aluminate are complex salts.

7.4 Solution and Its Concentration

We know that when common salt is dissolved in water, what is obtained is called solution of

common salt. Here, common salt is a solute because its proportion in solution is less and water is

a solvent because its proportion is more. Thus, the system resulting when solute is dissolved in

solvent is called solution.
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If we take same amount of water in three cups and add one, two and three table spoon
common salt to first, second and third cups respectively, there will be difference in salty nature of
solution in the three cups. The reason for this is that the amount of solute (common salt) in the same
amount of solvent (water) is different. Similarly we can take one tea spoon common salt in the
three cups and add one, two and three cups of water to first, second and third cups having common
salt; even the difference is observed in the salty nature of the salt solution. The reason for this is
that same amount of solute is dissolved in different volumes of solvent. Thus, the salty nature of
solution depends on the relative amounts of solvent and solute. In scientific language, the amount
of solute, in relation to amount of solvent is called concentration. Out of the two solutions, one
having more salty nature has more concentration of common salt.

The solutions having definite concentrations are required in experiments of chemistry. The
concentrations of solutions are expressed in different ways, viz percentage proportion, normality,
molarity, molality, formality, ppm (parts per million). Units out of these normality and molarity are
used more. Here, we will discuss only molarity. We will study the other units, in Standard 11 and
12. The molarity of solution means molelitre™! concentration. If 1 mole solute is dissolved in 1
litre solution, then the concentration of solutioin has 1 molarity. In practice, 1 molarity is called
1 molar which is expressed in short as 1 M. If 2 moles of common salt are dissolved in 1 litre
solution of common salt, it is said that concentration of the solution is 2 M. Similarly, if 1 mole
glucose is dissolved in 500 ml solution, the concentration of solution is considered as 2 M. Because
in 1 litre solution, 2 mole glucose dissolves as obtained by calculations. Now, if we wish to prepare
3 M NaCl aqueous solution, then 3 moles of NaCl should be dissolved in 1 litre solution i.e. 3
moles of NaCl should be dissolved in water and its total volume should be made 1 litre and not
to add weight equal to 3 moles of NaCl in 1 litre water solvent. But the question arises, how to
take 3 moles of NaCl ? On thinking, it will be found that it can be taken by weight. Hence, if NaCl
is to be taken in mole, the relation between mole and mass should be thought of.

We have studied in Standard 9, about molecular mass (molecular weight) having relation
between mole and mass. The unit of molecular mass is gram mole™ . The molecular mass of NaCl
is 58.5 gram mole™, i.e The amount 58.5 gram NaCl is called one mole amount of NaCl. Thus,
one mole of any amount equals to gram molecular mass should be taken. Here, we should
be more clear that if the substance is in elemental form, then its atomic mass will have to be
considered for 1 mole amount. If the substane is in ion form even then its atomic mass is taken
because there is no change in mass because of number of electric charge. Thus, the effect of gain
or loss of electrons is not considered on its mass. Hence : 1 mole Na=1 mole Na* = 23 gram and
1 mole Cl =1 mole CI = 35.5 gram Cl. Thus, to prepare 3 M aqueous solution of NaCl, 3 moles
of NaCl equal to 3 x 58.5 = 175.5 gram NaCl will have to be taken. 3 M NaCl solution can be
prepared by dissolving 175.5 gram NaCl in some water and it gets dissolved, additional water
should be added to make total volume equal to 1 litre. If this solution is to be prepared in 250 ml

175.5

then, = 43.88 gram NaCl quantity should be dissolved and the final volume will be 250 ml.
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Example : 1
How will you prepare 100 ml aqueous solution of 2 M NaOH ?
Solutiion :
Molecular mass of NaOH = (Atomic mass of Na) + (Atomic mass of O) + (Atomic mass of H)
= (23) + (16) + (1)
= 40 gram mole™

According to the definition of molarity to prepare 1000 ml. 1 M NaOH solution, 40 gram
NaOH will be required.

1000 ml. 1 M NaOH solution, 40 gram NaOH will be required.

100 x 2 x 40
To prepare 100 ml. 2 M NaOH solution, ™ 1900 x 1 &ram NaOH will be required.

=8 gram NaOH

Thus, 8 gram NaOH should be dissolved in water and the total volume of solution will be
made 100 ml so that 2 M aqueous solution of NaOH can be prepared.

Example : 2

How will you prepare 250 ml 0.5 M aqueous solution of HCI ?

Molecular mass of HCl = (Atomic mass of H) + (Atomic mass of Cl)
= (1) + (35.5)
= 36.5 gram mole™

According to definition of molarity,

To prapare 1000 ml 1 M HCI 36.5 gram HC] will be required

250 x 0.5 x 36.5
To prepare 250 ml. 0.5 M HCI solution 1000 x 1 gram HCl will be required.

= 4.56 gram HCI.

Thus, by dissolving 4.56 gram HCI in water and making the total volume 250 ml, 250 ml 0.5
M aqueous solution of HCI can be prepared. We shall do the activity of filling in the blanks shown
in Table 7.1 in order to prepare solutions of definite concentration.
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Table 7.1 Aqueous solution of definite molarity of some substances.

Substance Molecular mass |Concentration Volume of Mass
(gram moie_l) of solution solution of substance
(1\%)) (ml) (gram)
HCI 36.5 1 1000 36.5
NaOH 40 2 250 -
KOH 56 S 500 28
H, SO, 98 0.5 500 s
HNO, 63 1 2000 —
NaHCO, 84 1 - 21
Na CO, 106 —_— 1000 33
CuSO, .5H O 249.5 0.1 1000 —
FeSO,. TH O 278 1 - 139

7.5 pH of Solution, pH Scale and Measurement of pH

Hydrogen ion concentration [H'] plays an important role in chemical and biochemical reac-
tions. Some important reactions can be controlled by less concentration of hydrogen ion. The
concentration of hydrogen or hydronium ion H3O+ in aqueous solution will have to be mentioned
in molarity i.e. 2.8 x 10* M or 3.5 x 10° M or 4.9 x 10°M. The concentrations of hydronium
ion in different substances can be as less as 10~ M and as high as 1 M. If a graph is to be plotted
of concentrations with such a high difference will be difficult. Thus, to remove the difficulties in
expressing concentrations of hydronium ion in aqueous solution, biochemist of Denmark, S.P.L.
Sorensen suggested a simple and convenient method to express concentration of hydronium ion in
aqueous solution. It is known as pH scale.

Solution of pH and pH scale :

Generally pH expresses the concentration of hydronium ion in aqueous solutions. Math-
ematically the negative logarithm to the base of 10 of molar concentration of H30+ in
aqueous solution is called pH. If we write in the form of an equation, then,

pH = - log [H3O+]

Distilled water is used as solvent in aqueous solution. H30+ and OH ions are produced by
self-ionisation of water

HZO + HZO — H30+ + OH
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Experimentally, it is proved that, [H 3OJ'] = [OH ] = 107" M are present in distilled water at 298
K. We know that [H30+] of a solution is responsible for acidity and [OH ] of a solution is responsible
for basicity. As concentrations of H3O+ and OH  are same in distilled water, it acts as a neutral
solvent. Hence, in aqueous solution of any substance if the concentration of H3O+ is more than
107 M the aqueous solution becomes acidic or if concentration of OH ™ is more than 107 M, the
aqueous solution becomes basic. The pH of acidic and basic solutions having different concentrations
are shown respectively in Tables 7.2 and 7.3

Table 7.2 pH of aqueous acidic solutions

[}-530*] in aqueous pH = - i{;gm[ §--E__;U"'] pH of aqueous
solution (In molarity) solution
107 pH = -log 10° = 61log 10 =6 6
= = = =
@ 10 pH = —10g1010 = 5 10g1010 =5 5
% 4 —4 §
E 10 pH = —lowgl0™ = 4 log1010 =4 4 g
= g
- -3 _ 3 _ _ D
g 10 pH = —10g1010 = 3 log 1010 =3 3 ;
= 1072 pH = -log 107 = 2log 10 =2 2 &
107! pH = -log 10" = 11log 10 =1 1
10°0=1 pH = -log 10" = 0log 10 =0 0

It can be said from the Table 7.2 that,

(1 In, aqueous acidic solution the value of [H 3O"] is more than 10~ M and so the value
of pH is less than 7 viz

For acidic solutions [H30+] > 107"M and pH < 7

(ii)) The acidity of a solution increases as concentration of H3O+ increases in aqueous acidic
solution and so pH decreases. Opposite to this, as the concentration of H30+ decreases,
the acidity of the solution decreases and so pH increases. Thus, aqueous solution having
pH 2 is more acidic than the solution having pH 4.

Like pH, the concentration of hydroxide ion OH™ in aqueous solution can also be expressed.
Mathematically, the negative logarithm to the base 10 of concentration of OH in aqueous
solution is called pOH. If we write as a formula, then

pOH = — log10 [OH]
As we have discussed earlier, distilled water is neutral and in disstilled water at 298 K,
[H,0"] = [OH] = 1x 107M
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[H,0"] x [OH] = 107 x 107 = 10°“M

+
loglo[H3O 1+ loglo[OH_]

-14 10g1010

+ —
—loglo[H3O 1 - loglo[OH_] =14 logwlO

pH + pOH = 14

Table 7.3 pH of aqueous basic solutions

[OH] in aqueous bOH = — logio[OH ] pOH of pH of
solution (inmolarity) aqueous solutionjaqueous solution
107 pOH = -log 10° = 6 log 10 =6 6 8
g 107 pOH = —log 10° = 5log 10 =5 5 9
1 5
: 10 pOH = —log 10" = 4 log 10 = 4 4 10 :
é 1072 pOH = -log 10° = 3 log 10 =3 3 11 :
Sl 107 pOH = —log 107 = 2 log 10 =2 0 12 =4
107 pOH = —log 10" = 1log 10 =1 1 13
10°=1 pOH = -log 10° = 0log 10 =0 0 14

It can be said from Table 7.3 that

®

7 and the value of pH is more than 7 viz.

In basic aqueous solutions, [OH ] is more than 107M and so its pOH value is less than

For basic aqueous solution [OH] > 10’M, pOH < 7 and pH > 7

(i)

In aqueous basic solution, as the concentration of OH™ increases, basicity of the solution

also increases, and pOH decreases but pH increases. Opposite to this as the concentration

of OH decreases the basicity of the solution also decreases and pOH increases but pH

decreases. Hence an aqueous solution having pH 12 is more basic than the aqueous

solution having pH 9.

It is important here, to remember that in every acid, OH™ is present in addtion to H30+ and
in every base in addition to OH", H3+O ions are present if one is more than the other will be less

but the product of their concentrations, 107'* remains constant.

In neutral solution concentrations of [H3O+] and [OH] are equal. As discussed earlier, in
distilled water like neutral solution [H3O+] =[OH] =1 x 107 M at 298 K. Hence, the pH of
distilled water becomes 7. Thus, the pH of neutral aqueous solution is 7 viz.

For neutral aqueous solution [H30+] =[OH]=10"M and pH = 7

Thus, from the overall discussion of pH scale, it can be said that pH scale is from 0 to 14.
pH scale can be shown as in Fig 7.1
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4 Limitations of pH scale :
(1) pH scale iz applilcable to aquecus solutions oaly.

(2) pH scale is applicahle to aquecns solutions having concentration of hydomium ion less

than 1 M. Hence, pH scale is from O to 14.
4 Messurement of pH :

pH of agueous solution can be measured by different methods. To measure approximate
range of pH of aqueous solution, litmms paper; or approximate pH paper or vniversal indicator is

nsed mnd for exact pH measurement the mztroment called pH meter is nsed.

(1) To measmre approximate pH range : Red and blue litmus papers
are used to measure approximate pH range of acoeous solution. If a bloe lithvms
paper is dipped into a solution, and if &t turns red, then it can be said that the
agueous solution has acidic pH. In the same way, if a red litooms paper is dipped
into a solution and if tums bive, then it can be said that the solution has basic
pH. ie. the value of pH can be cotsidered between 7 and 14. If no effect is
found on red or, blue littnns paper, that is, if red littvms paper remaing red and
blue litmus paper remains blue then it can be said that the solution is neutral.
The pH of such solution is 7. Acidic or basic medium is important for certain
reactions in industry. Litmng paper becomes useful in test for the nature of
solution.

(2) Approximate pH messurement : To meagure approXimate pH of
aqueous solution, pH paper or universal indicator i3 used.

() Use of pH paper : Like litraus paper, if the pH paper is dipped
into a solution whose pH value is to be known. Generally, the
pH paper iz of very light yellow colour. The pH of a solution
can be determined by noting the change in the colow of pH
paper. The informetion about what will be the pH of the solntion

when and what colour is obtained, is given with pH paper as shown in Fig 7.2.
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then the apprximsats pH of the solufion will be 2 . If the pH
paper toms light green, then the approximate pH of the solution
will be 7. Similarly, if pH paper tums blue then the approximate
pH of sclution will be 10.
(fi) Use of Universal indicator : One or two drops of universal indi-
cator is added to a soluticn to kmow the value of pH. The pH of
the soluticn iz determined from the colour of the solution cbhtmined |/ HS A BEE
during the process. Which colour is obtained is noted and what will '!

If the pH paper is dipped in an aquecus solution and if turns prink, n

'

AT I-:

be its pH is obtained by comparing with the colonrs shown on the
bottle of the indicator. pH corresponding to the colour will be the
pH of the solution. pH paper or universal indicabor is mostly used
for measurement of approximate pH of the solution during chenrical
-

(3) To messure exact pH : The imstrument known as pH meter isused 0.
to determine the exact value of pH of aquecus solution. Two elecrodes of the pH Indicator
meter are dipped in the solution whose exect pH is to be determined. The reading
that is shown by the ncedle of pH meter indicates the exact pH of that solution. pH meter is
standardized by a solution of known pH before it is used. Hence, exact pH of uanknown solution
cat be measmred. The pH-meter is an essential instrument for chemical industries. Now, we will
do the activity of measuring pH of aqueous solutions of different substances,

Activity : 1

pH measurement of different aqueouns solutions :

During this activity, ideally distilled water should be used to prepare aqueous solntions of
different substances; but tap water can also be used for this activity becanse we do not have to
carry out comparative study of the results.

o  First of all take nine test tobes and tomber them from 1 to 9.

@ In the test tube with mumbers 1 to 4, take one tea spoon lemon juice, one tea spoon
tomato juice, pinch of baking soda and pinch of washing socla respectively. Add water
to all those four test tubes to half its level. Shake well each test tube and keep them
as side.

e In the remaining 5 to 9 number test tubes take your urine, tap water, distilled water,
dilute hydrochloric acid and dilute solution of sodinm hydroxide to half its level.

&  Amange those nine test tubes in order in a fest tobe stamd.

»  Now, take test tube no.1 and distribute the solution in four equal volumes in thres other
empty test tubes. Thus, you will have No.l test tube (lemon juice) solution in all the
four test tubes.

e In all the four test tubes add successively red litmus paper, blue litmus paper, pH paper
and two drops of universal indicator.

® Note in the observation table, the change in colour of litmus paper, and change in
colour of pH paper and the change im colour of the solution to which universal indicator
is added. Note also the approximate pH range and pH of solution on the basis of the
change in celour.

_—'-';.

-+
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° On the basis of the pH of the solution, determine its nature (acidic/basic/neutral) and
also note them in the observation table.
e In the same way, measure the pH of solutions in test tubes No.2 to 9 and note your
observations in the observation table.
Observation Table
Test Solution Litmus paper pH paper Universal Nature
tube. Indicator of Solution
No. Change in |Approx- | Change in|Approx- | Change in Approx-| (Acidic or
colour of |imate pH | colour of | imate pH| colour of | imate basic or
litmus paper pH Paper solution | pH neutral)
Red | Blue
Litmus{Litmus
paper |paper
1. |Lemon juice
2. |Tomato Juice
3. |Aqueous solution
of baking soda
4. |Aqueous solution
of washing soda
5. |Urine (self)
6. |Tap water
7. |Distilled water
8. |Dilute
hydrochloric
acid (having
concentration
less than 1 M)
9. |Dilute sodium

hydroxide
(having
concentration
less than 1 M)

any substance, in this way.

After finishing this activity, you will be competent to measure pH of aqueous solution of
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7.6 Im_portance of _pH in EverydaX Life

(1) In nce of living beings : The physiological reactions occurring
in human body take place in the range of 7 0 to 7 8 pH. Other living beings are not able to bear
more change in pH. e.g When the water of acid rain mixes into water reservoirs like river or pond,
then the pH of their water decreases. The existence of aquatic life kingdom like fish, micro-
organisms and aquatic Vegetation are being risked.

.
nH in avis
Pil 1IN €XIsS

ortance of |

(2) Importance of pH in digestion of food : We know that stomach plays an importnat role
in the digestion of food As the food enters the stomach, hydrochloric acid is secreted in the
stomach. The pH of this acid changes between 1 and 3. At this low value of pH the enzyme named

pepsin becomes active. It becomes helpful in the digestion of protein in the food.

The proportion of protein is much more in food like fish, eggs, meat etc. Hydrochloric acid
is secreted more for the digestion of such food. Because of this, sometimes, there is pain or
irritation in the stomach. In common language, we call it ‘acidity’. Basic substances are taken for
the remedy of the acidity. They are known as antacids. Mostly, sodium hydrogen carbonate
(Baking soda NaHCO3) and magnesium hydroxide (Milk of magnesia Mg(OH)Z)) are used as
antacids. Over and above, calcium carbonate (CaCOs) and aluminium hydroxide (Al(OH)3) are
also known as antacid substances. Such liquid mixtures and cetrain tablets are available in market.

) Importance of pH ir : The soil whose pH is between 6.5 to 7.3, the growth and
development of shrubs 18 good The soil having pH value less than 6.5 is called acidic soil. The
farmers add lime (CaO) to the soil to neutralise this soil. The soil whose pH is more than 7.3 is
called alkaline soil. The farmers add gypsum (CaSO g 2H20) to neutralise this soil. Now, we will
determine the type of the soil of our school, or house or garden or field by doing the activity of
measuring pH of soil.

To measure pH of soil and to determine its type.

e Generally, to determine the pH of soil, the sample of soil is taken at the depth of nine inch
in the soil, because the roots of most of the plant and the shrubs in the garden reach to the
depth of nine inch. (The sample of soil can be collected from school, garden of the house
or a field of the village).

e To prepare the solution of the sample of soil, take about 2 grams of soil sample in a test tube
and add 5 ml. distilled water to it. Shake the test tube for a longer period so that soil and
water mix properly (For preparation of solution of soil, the proportion of soil and water as
1:2.5 is considered ideal).

e Put the test tube in the stand without disturbance till the soil settles down in the test tube.

e After some time, filter the water layer that has separated in the test tube with the help of filter
paper, collect the filtrate in other test tube. The filtrate must be a half to one ml. (Sometimes,
the sample of soil is such that added 5 ml of water is being absorbed by the soil and the
filtrate is not obtained). In such a case the activity should be repeated by adding 10 ml water
instead of 5 ml water).

e Measure the pH of the obtained filtrate with the help of pH paper or universal indicator.

e Determine the type of the soil — acidic, basic or neutral on the basis of value of pH.
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(4) Importance of pH in stopping decay of teeth : When the pH of the innerside of the
mouth is less than 5.5, the decay of teeth takes place. The outer layer of teeth is made up of hard
substance like calcium phosphate (Ca,(PO,) ). It does not dissolve in water, but gets decayed
when pH of inner side of mouth becomes less than 5.5. Acid is produced by decomposition of
particles of food and sachharides by bacteria inside the mouth after taking meals. It decreases the
pH inside the mouth. Hence decay of teeth takes place. To protect your teeth, good habit should
be formed to clean the teeth after taking meals. The tooth powder and the tooth paste that are used
for teeth cleaning possess basic nature. They neutralise the acid produced inside the mouth and
protect teeth from decay.

(5) In the remedy of effect of bite of honeybee: We know that when red ant bites we
feel irritation. The reason for this is the entry of formic acid in our body. Similarly, when the
honey bee bites, we feel pain and irritation at the place of bite. Also, there is swelling around
the place of bite: because the poison that is added in our body by the bite of honey-bee is acidic.
In this poison, more acidic natured substance Melittin is present. Melittin is a polypeptide con-
taining 26 amino acids. To get relief from the effect of bite of honey-bee, aqueous solutions of
basic substance like baking soda is applied around the place of bite, which neutralises the acidic
poison.

Table 7.4 The pH values, at 298 K, of some solutions associated with everyday life

No. Solution pH
1. Pure water 7.0
2 Sea water 8.5
3. Stomach fluid 1.0 - 3.0
4. Saliva 65 - 175
5. Blood 7.4
6. Urine 35 - 73
7. Milk 63 - 6.6
8. Lemon juice 22 - 24
g Tomato juice 40 - 44
10. Coffee 45 - 55
11. Aqueous solution of
baking soda 8.5
12. Aqueous solution of 12.0
washing soda
13. Milk of magnesia 10.5
14. Vinegar (4%) 2:8
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Example 3 :

Calculate pH of aqueous solution whose H30+ concentration is 2.5 x 10°M. Which
nature-acidic, basic or neutral — this solution will possess ?

Solution : In aqueous solution [H30+] =25%x10°M
Now, pH = -log [HO"]
= —log, (2.5 x 107)
= —log 10(2.5) - log10 107 ( " log(mn) = logm + logn)
= —log10(2.5) +5 logwlO
Using logaritham table,
=-0.3979 +5 ( =+ log 10 =1)
pH =4.6021 = 4.60

Thus, the value of pH of an aqueous solution having concentration 2.5 x 107> M will be 4.60.
The concentration of H30+ is more than 10~’M and pH is less than 7, so the solution will possess
acidic nature.

Example 4 :
Calculate concentration of H30+ in an aqueous solution whose pH value is 5.5.
~log, | [H30+]
—log, | [H30+]
loglO[H30+] =-355
loglO[H3O+] =6-55-6
loglO[H3O+] =-6+05
loglO[H3O+] = 6.5000

Solution : pH
5.5

[H,0°] = antilog (6.5000)
= 03162 x 10° M

[H,0°] =3.162 x 10° M

[H,0"] =316 x 10°M

Thus, the value of pH is less than 7 and concentration of H3O+ in aqueous solution is more
than 10”7 M and so the solution will be acidic.

7.7 Comparison of Concentrations of Acid-Base on the Basis of pH

Earlier in point 7.5 we have understood that the aqueous solution having pH 2 is more acidic
than, the aqueous solution having pH 4 and the aqueous solution having pH 12 is more basic than
the aqueous solution having pH 9. But the question will arise that how many times acidic or basic
those solutions will be ? Let us understand this matter with an example.
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Example 5 :

How many times the aqueous solution having pH 2 will be more acidic than aqueous
solution having pH 4 ?

Solution :

For aqueous solution having pH 4,
pH = —loglO[H3O+]
—loglO[H30+] =4

loglO[H3O+] = 4

[H3O+] =10*M

(" logb = m for a™=b)

Similarly [H30+] in aqueous solution having pH 2 = 10M

[H30+] in aqueous solution having pH 2 10°M

[H,0"] in aqueous solution having pH 4

107*M

= 10% = 100

Thus, the concentration of aqueous solution having pH 2 is 100 times more concentrated than

the aqueous solution having pH 4, i.e. it will be 100 times more acidic.

Thus, the comparison of acidity of the aqueous solutions A and B having different pH can

be carried out according to Table 7.5.

Table 7.5 Comparison of acidity of two acidic aqueous solutions

pH of pH of |H30+] in [l-ls(fl in | Howmuch How many timesis
solution A SolutionB | SolutionA | SolutionB |lessisthepHof| theconcentrationof
(inmolarity) [(inmolarity) Solution A H30"’insolutionof A
than pH of than the concentra-
Solution B tioninsolutionof B ?
5 6 107 i3 1 100 =10
3 5 107 107 2 10> =100
2 5 107 10 3 10° = 1000
2 6 107 10°° 4 10 = 10000
1 6 107 10°° 5 10° = 100000
2 4.5 107 10743 2.5 10> = antilog(2.5)
= 316.2
1.9 53 (s i 07 3.4 10** = antilog (3.4)
= 2152

Thus, it can be said from Table 7.5 that if the diffrence in pH of two acidic aqueous solutions

is x, then solution having less pH will possess H30+ concentration 10" times or antilog x times

more acidic.
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Now, we shall study Table 7.6 to compare the basicity of two basic aqueous solutions A and
B having different pH values.

Table 7.6 Comparison of basicity of two basic aqueous solutions

pHof| pHof | pPOH | pOH | [OH]in |[OH]in How much Concentration of
Solu- | Solu- jof Solu-| Solu- | Solution | Solution more is the OH in Solution B
tion Al tion B | tion A | tion B A (in B (in pH of Solu- |is how many times
molarity) |molarity) tion B than more than that
pH of Solution A| of Solution A
12 | 13 2 1 107 107 1 10" =10
11 | 13 3 1 107 107 2 10> =100
9 | 12 5 2 107 107 3 10> = 1000
8 | 12 6 2 107 107 4 10* = 10000
8 | 13 6 1 107° 107 5 10° = 100000
93 | 128 | 4.7 1.2 Jig 16712 3.5 10> = antilog(3.5)
= 3612
89 | 115 | 5.1 2.5 107> 167%2 2.6 10*% = antilog(2.6)
= 398.1

Thus, it can be said from Table 7.6, that if x is the difference between pH of two basic
aqueous solutions, then solution having more pH possesses, OH™ concentration 10" or antilog
x times more than the solution having less pH, i.e. that solution will be 10" or antilog x times
more basic.

(1) Strong and Weak Acids :

If we try to prepare the list of known acids, then we can conclude that acids like hydrochloric
acid, sulphuric acid, nitric acid are used in laboratory and acids like acetic acid (in vinegar), lactic
acid in curd, butter milk, citric acid (in lemon, orange), tartaric acid (in tamarind), oxalic acid (in
tomato) are used in everyday life. Out of these acids, if mineral acids like hydrochloric acid,
sulphuric acid and nitric acid, when dissolved in water, they get completely ionised. These acid
subtances are known as strong acids. In the aqueous solution of strong acid, total solute substance
is in the form of ions, i.e. the solute substance is ionised to H30+

Example :

(1) In 1 M HCI aqueous solution, concentrations of H3O+ and CI' are 1 M

HCl(aq) + HO() _,  H0%aq) + CI(ag)
1M 1M 1M
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(2) m1MH ,SO, aqueous solution, concentrations of H 3O+ and SO 42' are2Mand 1M
respectively, because two moles H30+ are formed by ionisation of one mole HZSO ..

2
HSO,(aq) + 2HO() _,  2H,0%@g) + SO, (aq)
1M 2M 1M

When acetic acid, lactic acid, citric acid, tartaric acid, oxalic acid are dissolved in water, there
is incomplete ionisation of them. These acid-substances are known as weak acids. In aqueous
solutions of weak acid, very less amount of solute is ionised to H3O+, the remaining amout exists
in undissociated form, i.e. concentration of H30+ isnot ]l Min 1 M CH3COOH aqueous solution
but it is very less (Approximately 2 to 3%). Immediately, a question will strike to our mind, that
what will be H 3O+ concentration in this solution. To get the answer of this questions we need first
to know ionisation constant K, of CHBCOOH and will have to do some calculations. We shall
study these calculations in Standard 11. At present, we shall study that the acid which ionises or
dissociates completely in aqueous solution is called strong acid, and the acid which ionises
or dissociates incompletely is called a weak acid.

We use the words like concentrated and dilute in the laboratory. e.g. concentrated hydrochlo-
ric acid, dilute hydrochloric acid, concentrated sulphuric acid, dilue sulphuric acid, concentrated
nitric acid, dilute nitric acid etc. In concentrated solution the amount of solute substance is in larger
propotion while in dilute solutions it is much less. Hydrochloric acid having concentration 35-38%,
sulphuric acid having concentration 98%, nitric acid having concentration 70-72% and acetic acid
having concentration 100% are concentrated acids. To prepare dilute solutions of these acids, three
parts of water is taken to which one part of acid is added. Both strong and weak acids can be
concentrated acid and dilute acid. We find this acid in laboratory in both the concentrated and
dilute forms. Similarly acetic acid is a weak acid and it is available in laboratory, in both the
concentrated and dilute forms. We should clearly understand that concentrated and dilute have no
relation with strong and weak. Storng and weak types are called on the basis of their ionisation

while concentrated and dilute show their magnitude or the amount of solute dissolved.

(2) Strong and Weak Bases :

Strong and Weak Bases : Sodium hydroxide, potassium hydroxide when dissolved in water,
they are completely 10n1sed These basic substances are known as strong bases. In ageuous basic
solution, total solute substance is in the form OH™ ions because of its complete ionisation, i.e. the
total solute substance is ionised in the form of OH .

Example :

1 M NaOH aqueous solution, the concentrations of Na* and OH are 1 M .
NaOH(aq) _, Na'(aq) + OH (aq)
1M 1M 1M

The known bases like ammonium hydroxide (NH 4OH) when dissolved in water, they are
incompletely ionised. These substances are called weak bases. Aqueous solution of calcium hydroxide
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is weak base. In the aqueous solution of weak base, very less amount (2 to 3%) of solute is ionised
to OH i.e. In aqueous solution of 1M NH 4OH, the concentration of OH™ is not 1 M but it is very
less. We shall study the calculation of OH™ concentration in weak base in Standard 11. At present
we shall study only this much that the base which ionises or dissociates completely is called
strong base and the base which ionises or dissociates partially or incompletely is called weak
base.

Example 6 :
Calculate pH of aqueous solution of 0.05 M HCI
Solution : HCI being a stong acid ionises completely in water.

complete
ionisation

HCl(aq) + H,0() > H,0%aq) + Cl (aq)

0.05 M 0.05 M
Here, [H3O+] = 005M
Now,pH = —loglo[H3O+]
—log . 0(0.05)
log, (5 x 107

= _10g105 + 210g1010
= -0.6990 + 2
= 1. 3010
~ 130
Thus, pH of aqueous solution of 0.05 M HCI will be 1.30.
Example 7 :
Calculate pH of aqueous solution of 0.007 M NaOH
Solution : As NaOH is a strong base, it is completely ionised.
complete
ionisation
0.007M 0.007M
Here, [OH] = 0.007 M
Now,pOH = -log . O[OH_]

NaOH(aq) + H,0 (J) > Na'(ag) + OH (aq)

= —log, (0.007)
= —log, (7 x 107
= —10g107 + 310g1010
= -0.8451 + 3
pOH = 2.1549
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But NaOH being base, its pH can be calculated as follows :
We know that pH + pOH = 14
pH = 14 — 2.1549
pH = 11.8451 =11.85
Thus, pH of 0.007 M aqueous solution of NaOH will be 11.85
Example 8 :

3 litre aqueous solution is prepared by dissolving 4.9 gram HZSO 4 in water, calculate pH

of this solution.
Solution : To calculate pH of an aqueous solution, we should know concentration of H3O+

in the solution, in molelitre™.
Molecular mass of HZSO A is 98 gram mole™

Weightof H,SO,
Moles of sto4 ~  Molecular mass of H,SO,

4.9 gram

98 gram mole 1

= 0.05 mole

. .4 Moles of H,SO,
Concentration of HZSO A (mole litre™) = Volume of solution (Litre)

0.05 mole
= 3 litre

= 0.0167 mole litre™

HZSO A is a storng acid and it is completely ionised in water.

H SO (aq) + 2H O() ;‘;‘Eﬂfé‘; > 2H,0" (aq) + SO,*(aq)
0.0167 M 2 x 0.0167 M
= 0.0334 M
Here, [H30+] = 0.0334 M
Now, pH = —loglo[H3O+]
= —log 10(0.0334)

= —log, (3.34 x 107
= —10g10(3.34) + 210g1010
—0. 5237 + 2
= 1.4763
~ 148
pH= 1.48
Thus, pH of HZSO A solution will be 1.48
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Example 9 :

An aqueous solution of nitric acid has pH 2.32 at 298 K temperature. The volume of this
solution is made eight times than its original volume. What will be the pH of this dilute
solution obtained ?

on : Here, pH of aqueous solution of nitric acid is 2.32.
pH = 2.32

—log, 0[H3O+]= 2.32

loglo[H3O+] =-232

loglO[H3O+] =3-232-3

loglo[H3O+] = 0.68 — 3

log [H,0"] = 3.68

[H,0"] = antilog (3.68)

= 04786 x 10° M

When water is added to aqueous solution of nitric acid and the original volume of the solution
is increased by 8 times, the concentration of solution will be decreased by 8 times.

0.4786 x 10> M
8

0.0598 x 10°M
5.98 x 10°*M

[H3O+] in diluted aqueous solution of nitric acid

Now, pH = -log, 0[H3O+]
= —log, (5.98 x 107)

~log (5. 98) + 4 log 10
~ 07767 + 4

3.2233

3.22

-~ pH = 3.22

0

Thus, pH of diluted nitric acid will be 3.22.

7.8 Neutralisation

Salt and water are formed by reaction of acid with base or base with acid. This reaction
is known as neutralisation. With the help of the experiment based on this reaction, the concen-
tration of unknown acid or base can be known. This experiment is called neutralisation titration.
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Its general study has been done by you in earlier standards, and detailed understanding through
experiments will be studied in next standards. Now, we study neutralisation reactions between
some acids and bases.

(1) HCl(aq) + NaOH(aq) — NaCl(aq) + H00)
Strong acid Strong base Salt Water
(2) HNO ,(aq) + KOH(aq) — KNO,(aq) + HO(0)
Strong acid Strong base Salt Water
(3) H CO,(aq) + 2NaOH(aq) — Na CO,(aq) + 2H 0()
Weak acid Stong base Salt Water
(4) CH,COOH(aq) + NaOH(aq) — CH,COONa(ag) + H,0()
Weak acid Stong base Salt Water
(5) HCl(aq) + NH,OH(ag) — NHCl(aq) + H00)
Strong acid Weak base Salt Water
(6) HNO ,(aq) + NH,OH(aq) — NH/NO,(aq) + HO0)
Strong acid” Weak base Salt Water
(7) CH,COOH(aq) + NHOH(aq) — CH,COONH (aq) + H,O()
Weak acid Weak base Salt Water
(8) H,CO,(aq) + 2NH,OH(aq) — (NH 4)2C03(aq) + 2H,0(D)
Weak acid Weak base Salt Water

Will the pH of all the salts produced by all these reactions will be neutral or pH will be 7 ?
No. The pH of aqueous solutions of salts Na2CO3 and CHBCOONa produced by reactions
(3) and (4) is more than 7, because the salt hydrolyses in water and produces OH .

(9) Na,CO,(aq) Ionisation ,  2Na*(aq) + C€O,*(aq)
CO,*(aq) + HO()) _Hydrolysis . HCO, (aq) + OH (aq)

(10) CH,COONa (aq) Ionisation ,  CH,COO™(aq) + Na'(aq)
CH,COO™(ag) + H,O()) _Hydrolysis  CH COOH(aq) + OH (aq)

Thus, the aqueous solutions or the salts produced by neutralisation of weak acid with
strong base possesses basic nature. The pH of aqueous solution of salts NH 4Cl and NH 4NO 5
produced by reactions (5) and (6) have pH less than 7, because the salt hydrolyses in water and
produces H.O".
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(11) NH,Cl(aq) Ionisation . NH,*(aq) + CI(aq)

7

NH,*(aq) + HO()) __Hydrolysis .= NH (ag) + H,0%(aq)
(12) NH,NO,(aq) Ionisation . NH,*(aq) + NO,(aq)

NH,'(aq) + HO() __Hydrolysis .~ NH,(ag) + H,0"(aq)

Thus, the aqueous solutions of salts produced by neutralisation of weak base and strong acid
possess acidic nature. The pH of aqueous solution of salts NaCl and KNO A produced by reaction (1)
and (2) have pH 7, because they do not hydrolyse like the salts produced by reactions (3) to (6). Thus,
the aqueous solutions of salts produced by strong acid and strong base possess neutral nature.

The pH of the aqueous solutions of the salts CH3COONH4 and (NH4)2CO3 produced by
reactions (7) and (8) have pH 7 and slightly more than 7 respectively. The pH of the aqueous
solutions of this type of salts have sometimes pH less than 7. If acid and base are equally weak
then the aqueous solution of the salt produced is neutral, otherwise, it may be acidic or basic
according to difference in their weakness.

The discussion about nature of aqueous solutions of salts produced during neutralisation is
given in Table 7.7

Table 7.7 Nature of aqueous solution produced during neutralisation

Acid Base Example of salt produced Nature of aqueous solution of salt
Strong Strong NaCl, KNO3 Neutral

Strong Weak NH 4Cl, NH 4NO s Acidic

Weak Strong Na2C03, CH3COONa Basic

Weak Weak CH,COONH,, (NH 4)2CO A Neutral or slightly acidic or slightly basic

If you desire, you can test the nature of the salts mentioned in Table 7.7 by preparing the
aqueous solution of the salt in distilled water and test with the help of litmus paper, pH paper or
universal indicator.

7.9 Salt

Salt is available in large proportion in nature. The minerals and rocks in the form of the cover
of the earth are directly or indirectly salts. Common salt (NaCl), baking soda (NaHCO3) and
washing soda (NaZCOs.IOHZO) used in everyday life are salts. The substances like sodium
chloride (NaCl), sodium sulphate (N aZSO 4), ammonium chloride (NH 4C1), calcium chloride
(CaCl 2), calcium sulphate (CaSO 4), barium sulphate (BaSO,), potassium sulphate (KZSO 4), silver
nitrate (AgNO 3), silver chloride (AgCl), barium chloride (BaClZ) etc. are also the examples of the
salt. Salt can be prepared in the laboratory by reaction of acid with base or base with acid. Like
acid and base, salts also exhibit chemical properties.
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Chemical Properties of Salts

(1) Reaction of salt with acid : Salt reacts with certain acids and forms other salt and acid.

Salt + Acid —  Other salt + Acid
e.g. BaClZ(aq) + HZSO 4(aq) — BaSO 4(s) + 2HCl(aq)
AgNO3(aq) + HCl(aq) —  AgCl(s) + I-]NOa(aq)

(2) Reaction of salt with base : Salt reacts with certain bases and form other salt and base.
Salt + Base — Other salt + Base
e.g. NaZSO 4(aq) + Ba(OH)Z(aq) — BaSO 4(s) + 2NaOH(aq)
K SO,(ag) + Ca(OH),(ag) — CaSO,(s) + 2KOH(aq)
(3) Reaction of salt with other salt :
Salt + Other Salt - New Salt + New salt
e.g.
AgNO3(aq)+ NaCl(aq) — AgCl(s) + NaNOa(aq)
CaClz(aq) + Na2SO4(aq) — CaSO4(s) + 2NaCl(aq)
You can test the properties of all the three salts in the laboratory.

.

What have you learnt ?

\

® About three hundred years ago Robert Boyle defined acid-base on the basis of chemi-
cal properties. This type of definition is known as operational or old definition.

® Modern concepts about acid-base.

(1) Arrhenius Acid-Base theory : “Acid is a compound containing hydrogen which
produces hydrogen ion (H") in its aqueous solution and base is a compound containing
hydroxide which produces hydroxide ion in its aqueous solution.” In the basis of this
theory the concept of ionisation is involved.

(2) Bronsted-Lowry Acid-Base theory : “The substance which can donate a proton (H")
to other substance is called Bronsted-Lowry Acid. The substance which accepts a
proton (H") from other substance is called Bronsted-Lowry base.” Thus, on the basis
of this theory, the concept of proton transfer is involved.

® From which and how acid and base are prepared ?

(1) Non-metal oxide + Water — Acid

(2) Metal oxide + Water — Base

@ Chemical properties of Acid :

(1) Acid + Metal - Salt + Dihyrogen gas

(2) Acid + Base — Salt + Water

(3) Acid + Metal oxide — Salt + Water

(4) Acid + Metal carbonate / Metal hydrogen carbonate — Salt + Water + Carbon dioxide gasJ
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Chemical properties of base : A
(1) Base + Acid — Salt + Water
(2) Base + Nonmetal oxide — Salt + Water
(3 Base + Metal - Salt + Diyhdrogen gas

The concentration of aqueous solutions of acid, base and salt are generally expressed in

molarity. Molarity means concentration in molelitre™. If 1 mole solute is dissolved in 1 litre
solution then it can be said that the molarity of the solution is 1. In other words, if we say, if
an amount equal to one gram molecular mass of a solute is dissolved in 1 litre solution then the
concentration of solution (molarity) can be said to be 1 (1 molar or 1 M)

In 1929, Biochemist of Denmark, S.P.L Sorensen suggested a simple and convenient

method to express concentration of hydronium ion in aqueous solution, which is known as pH
scale.

e pH=-log [HO7]

o pOH = - log1 O[OH"]

® pH + pOH = 14

e  For acidic aqueous solution [H30+] >107 M and pH <7 and as [H30+] inceraes
pH decreases.

) For basic aqueous solution [OH] > 107 M, pOH< 7 and pH > 7 and as [OH]
increases pOH decreases but pH increases.

e  For neutral solution [H3O+] =[OH]=10"M and pH =7
e  pH scale ranges from 0 to 14.
¢  pH scale is applicable to aqueous solutions.

® pH scale is applicable to aqueous solutions having hydronium ion concentration less
than 1 M.

e To measure approximate pH range of an aqueous solution, litmus paper, for approxi-
mate pH, pH paper or universal indicator and for exact pH measurement, pH meter
instrument is used.

@ If the difference between pH of two aqueous acidic solutions is x, then the solution
having less pH possesses H30+ concentration 10" or antilog x times more than the
aqueous solution having more pH, i.e. that solution is 10" or antilog x times more
acidic.

® If the difference between pH of two aqueous basic solutitons is x, then the pH of the
aqueous solution having more pH has concentration 10* or antilog x times more than
the concentration of OH™ of the aqueous solution having less pH i.e. the solution is
10" or antilog x times more basic.

® The substances like acid or base which ionise completely in water when dissolved are
called strong acid or strong base and if ionisation is incomplete, they are called weak
acid or weak base.

® Strong acids : HCI, I-INO3, HZSO )

J
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® Weak acids : Acetic acid, lactic acid, citric acid, tartaric acid, oxalic acid.

® Strong base : NaOH, KOH

@ Weak base : NH 4OH, Ca(OH) 5

Reaction of acid with base or base with acid results in the formation of salt and water. This
reaction is called neutralisation reaction.

Type of Type of Example of Salt formed pH of aqueous solution of salt
acid Base and its nature
Strong Strong NaCl, KNO3 pH = 7 (Neutral)
Stong Weak NH 4Cl, NH 4NO " pH < 7 (Acidic)
Weak Strong Na2C03, CHBCOONa pH > 7 (Basic)
Weak Weak CH3COONH % (NH 4) CO 5 pH =7 or slightly more or less than 7
2
(Neutral or Slightly acidic or slightly basic)

® Chemical properties of salts :

(1) Salt + Acid — Other salt + Other acid
(2) Salt + Base — Other salt + Other base
(3) Salt + Other salt — New salt + New salt

EXERCISE
1. Select the proper choice from the given multipule choices :

(1) What is formed by reaction of non-metal oxide with water ?

(A) Acid (B) Base (C) Salt (D) Metal
(2)  Acid + Metal-oxide — ?

(A) Base + Water (B) Salt + Water (C) Base + Salt (D) Metal + Salt
(3) Which gas is produced by reaction of base with metal ?

(A) Carbon dioxide (B) Dioxygen (C) Dihydrogen (D) Dinitrogen

(4) 500 ml aqueous solution is prepared by dissolving 2 moles of HCI in water. What will
be the molarity of this solution ?

A) 1 B) 2 ©3 D) 4
(5) What is correct for acidic aqueous solution ?
(A) HOT =107 M (B) [H,0"] < 10°M
© [H,07> 107 M (D) [H,0"] < [OH]
(6) Which of the following solutions is the most basic ?
(A) pH =282 (B) pH=193 (C)pH =115 (D) pH = 10.6
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(7)

(8)

(9)

(10)

(14)

15)

(16)

Which statement is incorrect ?

(A) pH scale was presented by S.P.L Sorensen.

(B) pH scale ranges between 0 to 14.

(C) pH scale is applicable to only non-aqueous solutions.

(D) pH scale is applicable to only aqueous solutions.

How is the exact pH of an aqueous solution measured ?

(A) pH paper
(C) pH meter

(B) Litmus paper
(D) Universal indicator

Which of the following substances is an antacid ?

(A) NaCl (B) Mg(OH) )

(©) HCl (D) H,50,

The aqueous solution having pH 11 is how many times less basic than aqueous solution

having pH 8 ?

A) 3 (B) 30

Which of the following is strong acid ?
(A) Acetic acid (B) Citric acid
What type of substance is NH, ?

(A) Strong acid (B) Weak acid
pH + pOH = ?

A 7 B) 0

Which formula is correct ?

(A) Mole = Molecular mass / Weight
(C) Mole = Weight / Litre

(©) 300 (D) 1000

(O) Nitric acid (D Oxalic acid
(C) Strong base (D) Weak base
© 14 (D) 10

(B) Mole = Weight / Molecular mass
(D) Mole = Molecular mass / Litre

What will be the pH of aqueous solution of NH, CI ?

(A) pH=7 B) pH > 7

(©pH <7 (D) pH = 0

Which of the following solutions will have pH = 2 ?

(A) 0.01 M HCI

(B) 0.02 M HCl

(© 0.01M H,SO, (D) 0.02M H_SO,

(17) What will be OH™ concentration in aqueous solution having pH = 8 ?

A 1x10°M

B) 1 x 10°M

©8x10°M D)8 x 10 M

(18) If the pH of aqueous solutions A, B, C and D are 1.9, 2.5, 2.1 and 3.0 then what will

19)
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be the order of acidity ?
(A)A<C<B<D

(©) D<B<C<A

Which solution will be basic ?
(A) [H,0'=10"M

© [HO0]=10"M

BD<C<B<A
O)D>C>B>A

(B) [H,0"] = 107*M
(D) [H,0] = 107'M
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