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L Light

Learning Objectives

* Dual Property of Light

* Reflection, its Types and Laws of Reflection

* Plane Mirrors and its Characteristics

Spherical Mirrors - Convex and Concave

Image Formation by Concave and convex

* Use of Mirrors, Mirror Formula, Linear Maginication
* Refraction of Light, Laws of Rafraction of Light

* Absolute and Relative Refractive Index

Spherical Lenses - Concave and Convex

* Image Formation by Convex and Concave Lens

* Lens Formula, Linear Magnification, Power Of Lens
* Uses of Different Lenses

Light .

It is a form of radiant energy which produces sensation in eyes and makes us able to see the object
around us. Whenever light falls on an object, it gets reflected by the object and received by our eyes,
therefore enable us to see that object.

Dual Property of Light
Light exhibits two properties, known as dual property. These are:

Wave Nature: Light is electromagnetic waves which do not require any medium to travel.

Particle Nature: Light travels in a straight line and cannot pass through the opague object or any other
barrier. Reflection and refraction also shows the particle nature of light.

Reflection of Light

Whenever a light falls on a polished surface such as mirror, it gets reflected back in the same plane
from where it is incidented. This bouncing back of light, after striking a polished surface, is called
reflection of light.

An object placed in the dark cannot be seen as there is no light incident on the object that gets reflected
back to our eyes to make it visible.

Silver is considered as one of the best reflector of light as it reflects most of the light falling on it.

Types of Reflection
In reflection, path of light rays changes without any change in the medium.
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Regular reflection Incident rays Reflected rays
When the reflecting surface is smooth and well polished, the parallel
incident rays falling on it are reflected back in the same medium with all
the reflected rays parallel to each other. This is called regular reflection.

Plain Regular Reflection
mirror
Fig: 1.1

Irregular reflection Incident rays e
When the reflecting surface is rough, the parallel rays falling on it -
gets reflected in different directions, such a reflection is called diffuse
reflection or irregular reflection and sometimes called scattering of light,

Irregular Reflection
Rough mirror

Fig: 1.2

Key Note: Any object in a room can be seen from all parts of the room. This is because surface of the
object is rough and it scatters or reflects light in all the directions.

Laws of Reflection of Light
First law

According to the first law of reflection, the incident ray, the reflected ray A [N
and the normal (at the point of incidence), all lie in the same plane. i

PP’ — Plane mirror
AO — Incident ray
OB — Reflected ray

ON — Normal to the mirror at O, P P
AO, OB and ON lie in the plane of the paper a
£AON = <Zi=Angle of incidence Fig: 1.3

ZNOB = <£r=Angle of reflection

Second law
According to the second law of reflection, the angle of incidence (i) is always equal to angle of reflection (r).
Note: When a ray of light is falling perpendicularly (normally)} on a mirror, £i=0°. It means, the

reflected ray would also go along the normal itself. Thus, £i=.r=0°. It means that a ray of
light incident normally on the mirror, retraces its path on reflection.

" Types of Mirrors

*  Plane Mirror
*  Spherial Mirror
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Plane Mirrors
*  When a ray of light emerging from a point A, afier reflection from a mirror, meet actually at
another point B, then the point B is called real image of the point A.
*  When rays of light starting from a point A, after reflection from the mirror, appear to come
from another point B, then the point B is called virtual image of the point A.

* In a plane mirror, the image of a real object is always:

+ Virtual

+ Erect

+ Of same size as the object

+ As far behind the mirror as the object in the front of the mirror
+ Laterally inverted.

Spherical Mirrors
A spherical mirrors is that mirror whose reflecting surface is a part of a hollow sphere of glass. One side
of the mirror is well polished and reflecting; and other side of

the mirror is opaque (ofien pointed red). There are two types of .L-‘s;rh: >
spherical mirrors. ®Meaction

Polished surface

Concave mirror

Itis the mirror which is curved inwards. In this mirror, reflecting
surface is towards the centre of the sphere, i.c. reflection of  Reflective
light occurs from concave surface or the bent in surface A.  surface
Surface B is opaque. It converges the ray of light falling on its

surface at a point on the surface.

C is the centre of curvature and CP is the radius of M
curvature (R). F is the focal points, mid way between the
centre of curvature and pole of the mirror.

FP=F,CP=2F=R

Concave mirror is converging: The principal focus of 4
concave mirror is a point on the principle axis of the mirror,
at which rays of light incident on the mirror in a direction
parallel to the principle axis, actually meet after reflection
from the mirror. The principal focus F of a concave mirror is a
real point. 1t atways lies in front of the concave mirror. Rofleng g
Fig: 1.5

\

Principal axis

Principal axis

Convex mirror -
It is curved outward and the reflecting surface is away from the
centre of the sphere i.e., reflection of light occurs at bulging out #
surface “A’ and the inner surface ‘B’ is opaque. This mirror is
also known as diverging mirror. The centre of curvalure does pefectve
not lay on the mirror, it lies infront of the concave mirror and  surface

behind the convex mirror. Pole P is defined as the centre of
the mirror. The centre of curvature C, focal point F and pole P

Polished surface

lies on the imaginary line passing through the mirror which is Fiitapalegs
principle axis.

PF = focal length F

PC = radius R=2F Fig: 1.6
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Convex mirror is diverging: The principal focus of a
convex mirror is a point on the principal axis of the mirror, S,
from which rays of light incident on the mirror in a direction >
parallel to the principal axis, appear to diverge, after 5
reflecting from the mirror. When the diverging reflected rays  principal axis
are produced back by dotted lines, the y appear to meet at »
F. The principal focus of a convex mirror is a virtual point.

Incident rays

Key Note: (i) The reflected rays appear to diverge from F.
Thus it is called diverging mirror. It can be ’
assumed as the outer surface of spoon. {@;:)
(ii) As a concave mirror converges the parallel o
beam of light falling on it, therefore it is Fig: 1.7

called a converging mirror, The inner surface
of a silver spoon can be assumed as a converging mirror.

Rules for Tracing Image Formed by Concave Mirrors

Rule 1: A ray of light falling on a concave mirror in a direction parallel to the principal axis of the
mirror, passes actually through the principal focus of the mirror after reflection.
M
[neident rays to Erincfpﬁf axi B
& T

Tl

f'ﬂﬂf
F

X ’ ]
Principal ©
axis
D
M
Fig: 1.8

A ray of light AB falls on the concave mirror MM, having principal axis XP and focal point F,
in a divection parallel to XP. After reflection, it passes through F. Thus BFD is the reflected ray.

Rule 2: A ray of light incident on a concave mirror on passing through the centre of curvature of
the mirror is reflected back along the same path i.e., such a ray retraces its path in reverse
direction.

M
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Rule 3:

Rule 4;

A ray of light AD passing through C strikes the mirror MM at D, normally and perpendicularly.
It is reflected by the mirror along the same path i.e., DCA. '

A ray of light incident on a concave mirror on passing through of focus of the mirror becomes
parallel to the principal axis of the mirror after reflection.

¥

A e
9% (2SS,

¥ o— g
Principal € — ]
s & —
Reflected rays

Fig: 1.10

AE is a ray, passing through the focus F of the concave mivror MM and striking the mirror at
E, reflect along EG in a direction parallel to principal axis XP

Aray of light incident obliquely towards the pole P of concave mirror is reflected obliquely as
per the laws of reflection such that angle of incidence equals angle of reflection.
M

Fig: 1.11

A ray of light AP is incident obliguely on the concave mirror at £APX =i This ray is reflected
along PB at Z#XPB=vr such that Zi=/2r .

Image Formation by a Concave Mirrors

The type of image formed by a concave mirror depends chiefly on the position of the object in front of
the mirror, The position of image is obtained by intersection of atleast two of the reflected rays.

Case 1:

When the object is at infinity: When an object is at a very large distance from a concave
mirror, it is said to be at infinity.

In this figure, AB is an object placed very far off from ADE?E’%: T
the mirror. Two rays AD and AP from the top of the Lat Nfinig, |
object A are parallel to one another and inclined to
the principal axis. These rays are reflected at points
D and P on the mirror and intersect at a point A’,
which is the real image of the top A of the object. B ¢
Therefore, A'B’ is the inverted image of an object AB

at infinity. This image is formed at the principal

focus F; is real and inverted; and is much smaller

in size than the actual object. '

L]
!
{1

L]
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Case 2:

Case 3:

Case 4;

Case 5:

When the object is beyond the centre of
curvature: The figure shows two rays starting

from the top end A of the object AB placed 2
beyond the centre of curvature C of the mirror gpyjeq
on the principal axis. One ray AD incident at
point D, parallel to the principal axis, reflects at B -
focus F of the mirror MM'. The second ray AE

passes through the centre of curvature C of the

mirror, falling normally on it, retraces its path

of reflection. The two reflected rays intersect

at A’ which is the real image of A. To get the
compléte image, we draw A'B’. The image is real and inverted; smaller in size than the
object; and is lying between the focus F and centre of curvature C of the mirror.

Fig: 1.13

When the object is at the centre of curvature: 1]
The object AB is held at the centre of curvature E
C of concave mirror MM, The image formed N > o

by intersection of two reflected rays is real g
and inverted; at the centre of curvature of the B
mirror; and of the same size as the object; at glc
the cemtre of curvature of the mirror; and of 'M28®
the same size as the object (AB=A"B").

When the object lies between centre of
curvature and focus of mirror : In the figure,
object AB is held between focus F and centre of
curvature C of concave mirror MM, in direction
perpendicular to the principal axis of the mirror.

We find that when an object is placed between
C and F of concave mirror, the image formed
is real and inverted; larger in size than the
object; and situated beyond C.

When the object is at the focus of concave
mirror: Object AB is positioned at point B on the
principal axis perpendicular to it. A ray of light Fig: 1.15

AD falling on the mirror in the direction parallel i

to the principal axis is reflected al D and passes E
through the focus F of the mirror. Another ray of % 4
light starting from A is incident on the mirror 3
along AE and passes through the centre of "]

curvature C of the mirror. As their rays falls = 4
normally on the mirror, it retraces its path on /‘ﬁ
@_\
¥

reflection at E. The two reflected rays DBG and
EACH are parallel to each other and would meet
at very far off point, say infinity. The image G M
formed is at infinity is; real and inverted; and Fig: 1.16

is highly enlarged.
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Case 6: When the object is held between focus of
pole of the mirror: In the figure is shown
two reflected rays DF and EAC diverge and
cannot meet in reality. However, when these
two reflected rays are produced back, they
appear to come from point A’. Therefore,

A’ is the virtual image of A. To get
complete image, draw A'B" perpendicular
to the principal axis. The image formed is
virtual and erect; is larger than the size
of the object; and is behind the mirror.

At infinity ALF Highly diminished | Real and inverted
Beyond C Between F and C Diminished Real and inverted
ALC AtC Same size Real and inverted
Between Cand F Beyond C Enlarged Real and inverted
AtF At infinity Highly enlarged Real and inverted
Between F and P Behind the mirror Enlarged Virtual and erect

Uses of Concave Mirror

* A concave mirror is used as a reflector in search light, torches, head lights of motor vehicles etc.

* A concave mirror is used a doctor’s head mirror to focus light on body parts like eves, nose,
throat to be examined.

* A concave mirror ig also used us a shaving mirror, as it can form an erect and magnified image
of the face. It is also used as makeup mirror,

*  Large concave mirrors are used in solar cookers and in reflecting type telescopes.

*  The dentists use concave mirrors to observe large images of the teeth of patients.

Rules for Tracing Images Formed by a Convex Mirror

Rule 1: A ray of light falling on the convex mirror in a direction parallel to the principal axis of the
mirror appears to be coming from its focus after reflection from the mirror.

Rule 2: A ray of light falling on a convex mirror on passing through the centre of curvature of 0
mirror is reflected back along the same path i.e., retraces its path on reflection.

Rule 3: A ray of light falling on convex mirror on passing through the focus of the mirror becomes
parallel to the principle axis after reflection,

Rule 4: A ray of light incident obliquely towards the pole P of a convex mirror is reflected obliquely
such that the incident and reflected rays make equal angles ~i=2r with the principal axis.
We can observe these four rules in the image formation process for a convex mirror,

Image Formation by a Convex Mirror

Case 1: When the object is placed at infinity: An object is placed at infinity, i.e., at far distance in
front of the mirror, the image formed is highly diminished, pointed virtual and erect.
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B / \
A infinity M

Case 2: When the object is at finite distance from the mirror:
AB is an object kept in front of the convex mirror 4
some distance. A parallel ray AD reflected along, DE on
producing back appears to emerge from F. An incident
ray AG, tending to pass through C, retraces its path on
reflection at G. The two reflected ray DE and GA when
produced back appears to itersect at A" between P and
F. Therefore, A" is the virtual image of point A. The
image formed is diminished virtual and erect. e

Fig: 1.19

Uses of a Convex Mirror
+ It is used as a reflector in street lamps. Light from the lamp

diverges over a large area.
+ Ttisused in cars, buses and trucks as a rear view mirror. These mirrors are fitted on the sides of
the vehicle enabling the driver to see traffic behind for safe driving.

Mirror Formula
The formula which gives us a relation between the object distance (u) image distance (v) and focal

length (f) is called the mirror formula.
This formula can be written as

A
A A
— Ul I
B B i E
Coject .
+— v ——F |mage
Fig: 1.20
1 i 1 " 1
Object distance image distance Focal lenght
Le., 1 + l = l
o v f

All these distances are measured from the centre of the mirror at pole P on the principal axis.
If R is the radius of curvature of the spherical mirror, then '
R

f=—
2

= |
+
o |-
Il
IS
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This formula is valid in all situation for all types of spherical mirror for all positions of the object.
Always remember the New Cartesian Sign conventions which says all distances to the left of the mirror
are negative and to the right of the mirror are positive. Distances above the principal axis are positive
and below the axis are negative. _

Example 1: An object 4 cm in size is placed at a distance of 25 cm from a concave mirror of focal
length 15 ¢m. Find the nature and position of the image.

Solution:
u = —25em
f = —15cm
1 1 1
— = = =
u L f
1 g
= LI s O R O L
v f w (=15 25 7T B
T5
vy = 75 =—37.5cm.

Thus image is formed at distance 37.5 cm from the mirror, in front of the mirror as v is negative.
Image formed is real and inverted.

Linear Magnification Produced by a Spherical Mirror

Magnification can be defined as the extent to which an image can be enlarged, or diminished by a
mirror. The linear magnification produced by a spherical mirror is defined as ‘the ratio of height of the
image (h,) to the height of the object (h,), represented by m.’

height of image (h,)

height of image(h, )

Linear magnification (m) =

Case 1: When the image is magnified or enlarged, size of image is greater than the size of the object
te,h,>h orm>1,

Case 2: When image is of the same size as that the object i.e., h,=h orm=1.

Case 3: When image is smaller than the object i.e., h,<h orm<].

Sign of linear magnification

Case 1: When the image is real, it is inverted i.e._ the image lies below the principal axis i.e., h, is
negative. Height of the object is always positive. Therefore, m = %1 is negative. Thus, we can

say when linear magnification is negative, the im age formed h}'1S]] herical mirror must be
real and inverted.

Case 2: When the image is virtual, it is erect i.e., the image lies above the principal axis and h, is

positive. Therefore, m = f is also positive. Thus we can say that When linear magnification
1

is positive, the image formed by spherical mirror is virtual and erect.
Linear magnification is also related to the object distance (u) and the image distance (v) as

¥
m=——
u
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Example 2: A converging mirror forms a real image of height 4 cm of an object of height 1 em placed
20 em away from the mirror. Calculate the image distance and the focal length of the mirror,

Solution:  h,=—4 cm (image is real i.e., inverted below axis)

h = +lemu=-20cm
m = --t-.J-:—1
h, u
o2V y=—80cm
1 =20

Negative sign of the v indicates that the image is on the side of the object and must be real and
inverted.

Foy
= —p— =
1] v

f=-16m.
Negative sign of f indicate3 that the mirror 1s concave.

L

Example 3: The image formed by a convex mirror of focal length 20 em is a quarter of the object.
What is the distance of the object from the mirror ?

Solution: =20cm,m= By o Y =l[h2 =e] b, giw:nJ

; u 4

Ut Y 4 ¥ u
1 P11 [—4] 3
- = —d—=—|—|=—
f ¥ n u u
I = 3 - — g

=5 i —=1u 60 cm

Refraction of Light

The change in the direction of light in going from one transparent medium to another is called
refrection of light, This phenomenon of refraction oceurs right at the boundary of the two
mediums. Thus, when light travels from air to glass, glass to water, water to air, etc. each time the ray
undergoes refraction. This we can show with the help of a glass slab placed in the air.

The diagram shows a glass slab ABCD placed on a table, A light ray EF has entered from a rarer
medium (air) to denser medium (glass) at point O at an angle of incidence i, to the normal NN'. At O
the light ray has bent towards the normal making an angle of refraction r,.

W
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This refracted ray now passes from denser medium (glass) to the rare medium (air) at O at an angle
i, and refracted away from the normal MM at angle r..

EQ is the incident ray, OO’ is the refracted ray, and O’P is the emergent ray. You may observe that
emergent ray is parallel to the incident ray. The extent of bending of the light ray at the opposite parallel

faces AB and CD of a rectangular glass slab is equal and opposite, Tn case of refraction, /i is never
equal to #r,

Why does Refraction Happens? .
Refraction is due to change in speed of light as it enters from one transparent medium to another, This
change in speed is due to the difference in the density of the two medium. The medium in which the

speed of light is more is called the rarer medium and the medium in which the speed of light is less is
' called the denser medium.

Lateral displacement

When the light goes from rarer to denser medium, it bends towards the normal; and when it goes from
denser to the rarer medium, it bends away from the normal. The distance between the emergent ray
and the original direction of ray of light (RS as shown in Fig. 1.21) is called the lateral displacement,

Laws of Refraction of Light
Law 1: The incident ray, the refracted ray and normal all lie in the same plane.

Law 2: The ratio of sine of angle of incidence to the sine of angle of refraction is always a constant
for the two given medium, in which refraction takes place. '

Sini
Sinr

This constant is called the refractive index. This law is known as the Snell’s Law.

+ 'When light goes from one medium to another, the value of refractive index is called the relative
refractive index. '

+ If the light is going from vacuum to another medium, the value of refractive index in called
absolute refractive index.

*  Anobject with greater refractive index is optically denser than another object having smaller
refractive index.

Law 3: Whenever light goes from one medium to another, the frequency of light does not change.
However, the velocity of light and the wavelength of light change,

=constant = ;. Refractive index can also be represented as n,

Velocity of light and refractive index
The refractive index can be linked to the relative speed of propagation of light in different media. Light
travels fastest in vacuum with speed of 3 x 108 ms—1. Speed of light in water is 2.25 » 108 ms-1. Speed
of light in glass is 2 x 108 ms—1. Therefore, air is optically a rarer medium compared to both water and
glass. Glass is optically denser than air and water.
Absolute refractive index of a medium is defined as the ratio of speed of light in vaccum to the
speed of light in the medium, represented by n.
n = Speedof light in vacoum _c
Speed of light in medium v
T
n-= :
C  3x 10" ms™ »
T2x10°ms?

1} = 1.5

Elass W

glas
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A medium with hightr value of n is said to be optically denser compared to a medium with lower
valueofn.

'|1=—::t —_
v v

[
2 |5

Larger the value of n, small is the value of v. It means in a denser medium, speed of light is lower
than in a rare medinm,
Key Note: Refractive index is a characteristics property of the medium, whose value depends only on
nature of material of the medivm and the colour or wavelength of light.

Relative refractive index -
When light passes from one medium (say 1) to another medium 2, the refractive index of medium 2
w.r.t. medium 1 is written as 'n, or n,, and is called relative refractive index; where

I
1 e 1 =
3 21 : V Vv,
1'II:I

Ell’ = Ny In. %x3p =]

2 Wi, R
1

In = M lp =

[ i 1 Iy

Theretore, relative refractive index of medium 2 w.r.t, medium 1 is equal to the ratio of speeds of
air in medivm 1 and medium 2,

Refractive index of medium 2 w.r.t. medium 1 i$ the reciprocal of reﬁ‘achve index of medium 1
w.r.t. medium 2.

Key Notes: Refractive index represents the extent of the change in directinn that takes place in a
given pair of mediums. No refraction oceurs when light is incident normally on a boundary
of two media or when refractive indices of the two media in contact are equal.

Expem:-nces due to refraction of light
A word written on a paper appears to be raised, when viewed through a glass slab
* A glass slab appears to be less thick than it actually is. This is because bottom of the glass slab
appears to be raised.
*  Twinkling of stars and shape of sun at sunrise and sunset
* A coin placed at bottom of a container appears to be raised when the container is filled slowly
with water. :

oy o fcdldepth 4

wakr apparent depth 3

apparent depth = % real depth,

Example 4: Light travels from a rarer medium 1 to denser medium 2. The angle of incidence and
refraction are respectively 45° and 30°. Calculate the refractive index of second medium
w.rt. first medium, and also the refractive index of first medium w.r.t. second medium.

Solution:  Angle of incidence, 1= 45°

wianw . olyrmpiads, org 13
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Angle of refraction, r = 30°;
=
According to Snell’s Law 'n, = o

_simas S5 i)
Therefors, 'n, = Gorse =37~ 75 L2205
L

'n, = 1414 =, = == =007

Example 5: A b-:m-ﬂ of depth 16 cm is filled with water of refractive inﬂex;. Calculate the apparent

depth of the tank when viewed normally.

Solution:  Real depth =16 cm, *n_= %

5! apparent depth "1,
Thus, apparent depth = 7= = 12 cm.
Example 6:  How much time will light take to cross 2 mm thick glass pane if refractive index of glass

s 3/27

Solution: n=°S= y=C= 3«10 m/s =2 % 10 mfs
v n a2 :

Distance travelled, x=2mm=2 = 10% m
Speed in glass, v=2 % 10* m/s
Therefore, time taken to cover x with speed v is
i }“=2xlﬁ_}= ST
t S S 107! 5.

Absolute refractive index of some material media

Air | 1.0003
Ice ' 1.31
Water 1.33
Alcohol 1.36
Benzene 1.50
Crown glass 1.52

; Diamond 2.42

Spherical Lenses

Lens
A transparent material bound by two surfaces, of which one or both the surface are spherical, forms a
lens. On passing through a lens, light is refracted twice at the two surfaces of the lens.

Lenses are of two types:

Convex lens ;
A lens having two spherical surface bulging outwards is called convex lens. Such a lens is

o
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thick at the centre and thin at the edges. The two surfaces P and Q binding the lens are convex (i.e.,
bulging out) A convex lens is called converging lens as it converges the rays of light falling on it.

Concave lens o i

A lens having the spherical surfaces bulging inwards is called concave lens. Such a lens

is thick at the edges and thin at the centre. The two surfaces P’ and Q" binding the lens

are concave (i.e., curved inwards). A concave lens is also called diverging lens because

‘it diverges the rays of light falling on it

Key Note: Both surfaces of the two lenses have their own centres of curvature and radii
of curvature. The radii of curvature of two surfaces of both the lenses may be equal or
unequal.

Optical centre of the lens

The optical centre of a lens is a point on the principal axis of the lens such that ray of light passing

through it goes undeviated (withoul any refraction). In the figure we can see that AB and A'B’. are the

apertures; PO and P'Q)" are the principal axes; and C and C' are the optical centres of both the lenses,
. A

A

Pf( h il c'|.| =8

B &
Two rays of light have been shawn passing through the centres of both the lenses, undeviated but

straight.
Rule 1: Ray incident on the lens in a direction parallel to the principal axis, on \F\’\
L

refraction passes through second principal focus (F)) of the lens
located on the other side of the lens CF, = £

Image formation by a convex lens
There are three rules which shows the efraction ui light rays incident on the convex lens.

Rule 2: Ray passing through optical centre C of convex lens passes straight \
{undeviated) after refraction through the lens. &

Rule 3: Ray passing through first principél focus f, of convex lens, incident \\' 74

on the lens becomes parallel to the principal axis of the lens, after F\% ’

refraction through the lens.
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The image is formed at a point where any two of the refracted rays actually meet (for real image)
or appear to meet (for virtual image).
Note: The position, size and nature of the image depend upon the position of the object in front of the
lens. Following six cases arise.

Case 1: When the object is at infinity : Suppose the object is placed far off from the lens consisting

of an arrow AB pointing upwards.
B )
D
. 2
B ;1 Cc N E.

i Ar
Two rays coming from infinity appears parallel. The ray AC passing through C goes underviated.
The ray AD converges on refraction through the convex lens. The two refracted rays actually meet at
A’ which would be the real image of the top point A, of the object. Draw A'B* perpendicular to the

principal axis of the lens.

The image formed is at second principal focus; is real and inverted; and highly diminished
(much smaller in size than the object).

Case 2: When the object is held beyond 2F, : The distance of the object is more than the focal length
(2F ) of the lens.

A B

Fa B
N : —='2F.:.
B 2F, F, c

The image is formed between ¥, and 2 F, on the other side of the lens; is real and inverted;
and is smaller in size than the actual object.
Case 3: When the object is held at 2 F, : The distance of the object from the convex lens is equal to

twice the focal length of the lens. The image is formed on the other side of the lens of 2F;
is real and inverted: and of the same size of the object.

A - B
BN F, &
_2er F:1 i 2F,
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Case 4: When the object is held I:uetwe-en F, and 2 F, : Here, the distance of the nbjcét from the

Case 5:

Case 6:

convex lens is more than the focal length of the lens, but less than thrice the focal length of
the lens. The two refracted rays meet actually at point A" which is the real image of the point
A, of the object. The image is formed beyond 2 F, on the other side of the convex lens; is

real and inverted; and is large in size than the object.

When the object is at F,: Here, the distance of the object from the lens is equal to focal
length of the lens. The two refracted rays emerge from the lens in a direction parallel to each
other. These rays would meet at very large distance from the lens, say at infinity. The image
is formed at infinity on the other side of the lens: is real and inverted; and is highly
magnified i.e., much larger in size than the object.

B 5
¥ »
B Fs
F, C ?Ef;,f\
ey
Leoting o'
o

When the object is between F, and C: Here, the distance of the object from the lens is less
than the focal length of the lens. The two refracted rays from the lens are diverging and not
parallel and would not meet on the right side of the lens. However, when we produce the two
refracted rays in the backward direction, they appear to come from the point A", Therefore,
point A" is the virtual famge of the point A of the object. The image formed is beyond F, on
the same side of the lens as the object is; virtual and erect; and magnified.

: \ F, '\
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Summary table of images formed by a convex lens

Atinfinity | AtE Highly reduced | Real and inverted

1 :
2 Beyond 2 F, Between F, x 2 F, | Diminished Real and inverted
3 At2F, At2F, Equal in size Real and inveried
] Between F and 2 | Beyond 2 F, Enlarged Real and inverted
Fr
5. |AtF, At infinity Highly magnified | Real and inverted
6. Between F and C | Beyond F, on the | Enlarged Virtual and erect
same side of the
object

Rules for Refraction in a Concave Lens
1. Aray incident on the concave lens in a direction parallel
to the principal axis, on refraction, it appears to come from
the first principal focus F, of concave lens.

Fa
2. A ray passing through optical centre C of concave lens,
passes straight without any deviation after refraction through
the lens.
F.
3. A ray of light appearing to meet at the second principal
focus F, of a concave lens, after refraction will emerge -
parallel to the principal axis of the lens. . p oy

Image Formation by Concave Lens

Case 1: When the object lies between optical centre C and infinity: A ray of light, AD, starting
from the top point A of the object placed between infinity and C, is falling on the concave
lens in a direction parallel to principal axis of the lens. This ray diverges along DE, and
on producing back, it appears to come from F,. Another ray of light AC, starting from A,
on passing through C goes undeviated along ACG. The two refracted rays intersect at A”.

wirw olympiads.omg 18



Therefore A" is the virtual image of point A on the object. The image formed is between C
and F , is on the same side of the lens as the object, is virtual, erect and highly diminished
to almost point size (show as A'B"). ;

Case 2: When the object is at infinity: As the object is moved away from the concave lens, the image
A’B’ becomes still smaller in size and moves towards F . The image is formed at F , is much
smaller than the object; virtual and erect.

a—
..-"”’.

—~
By

Lens Formula
An equation which shows the relation between object distance (u), image distance (v) and focal length
{f) of a lens is calléd lens formula. It can be written as

4§ 4

v u f

This formula is valid for any spherical lens, whenever the object may be placed. A convex lens may
form a real or virtual image depending on the position of the object. A concave lens forms a virtual
image, whenever the object may be.

Example 7: A concave lens has focal length of 15 em. At what distance should an object be placed
from the lens so that it forms an image at 10 cm from the lens.

Solution: A concave lens always form a virtual and erect image 1.e., on the same side of the object.
Image distance v=— 10 cm
Focal length f=—15cm
| T | 1 1

A =

1 1 Yy T |
¥y ou f-u

!
“F =10y (=151, 10 15

£ =
Il
|

(78]
E:-
g
? =

u

Linear magnification produced by lenses
The linear magqiﬁcatiun produced by lens in defined as the ratio of the size of the mage (1) as formed
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by refraction through the lens to the size of the object (0). It is represented by m.
I _ Size of image

0 Size of object

If we take size of object as h, and size of image as h,, then

m:

)
h,
For concave lens, image formed is always smaller, thus linear magnification, m is always less than

one (h,<h,).
For convex lens, image formed can be
(i) Equal in size of the object (h,=h) thenm=1
(i) Bigger in size to the object (h, > h ), then m > 1
(i1i) Smaller in size of the object (h, <h,), thenm < 1
Key Note: (i) Linear magnification produced by any type of lens is equal to the ratio of image
distance (v) to the object distance (u), i.e.,
M= h =M
hy u !
(ii) For concave lens both h and h, are positive. Therefore, m is always positive.
(iii) For concave lens, m is positive when image is virtual; and m is negative when the
image is real.
Example 8: A2 cm tall object is placed perpendicular to the principal axis of a convex lens of focal
length 10 cm. The distance of the object from the lens is 15 cm. Find its magnificance.

Solution:  Here size of object, h=2cm, =10 cm

u=-15¢cm
2 L=l _l+l._L;[LJ=L
¥ ou v f u 10 \-15) 30
v =30 cm. As v is positive, the image formed is on the right side of the lens and is real and inverted.
b,

Linear magnification, m= 22_Y
u

e
hy _ 30 - 4
4 = =—4 cm.
2 —-15 h?

Negative sign of m and h, shows that image is inverted. Thus image formed is enlarged two times.

Power of a lens
Power of a lens can be defined as the ability of the lens to converge the rays of light falling on a convex
lens or to diverge the rays of light falling on the concave lens. Power of a convex lens is positive and of
a concave lens is said to be negative. -

If the point of convergence lies close to the optical centre of convex lens its power is more. If
the point of convergence of rays lies away from the optical centre, its power is less. The degree of
convergence or divergence of light rays is a measure of power of lens.

Hence, power of a lens is the reciprocal of focal length of the lens.

p=21
f

P = power of lens
f = focal length of the lens
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smaller the focal length, greater is its power and vice-versa.
For a convex lens, fis positive. Therefore P is positive

For a concave lens, f is negative. Therefore P is negative

S.L unit of power of lens is dioptre represented by symbol D.

When f=1m, P = 1 dioptre. Thus, one dioptre is the power of a lens whose focal length is one
metre. This power can be measured using an instrument called dioptremeter, used often by opticians
to measure the power of spectacles. In general, power of a lens in dioptres is called the number of the
lems.

Note: P= g when f is in centimetres.

Example 9: A convex lens has a focal length 50 em. Caleulate its number,
Solution: f[=50cm=05m

Power, P= ﬁ = 2 dioptre = 2D

Thus, its number is said to be + 2.

Power of a combination of lenses

When a number of thin lenses are place in contact with each other, the power of the combination is
equal the sum of the powers of all individual lenses used. These are used in cameras; microscopes and
telescopes. .

It increases the sharpness and clarity of images.

. ) A 1
=P +P. +P +........... S=—g
it 2l g 2 R g
Note that all the individual powers have to be taken with proper signs, positive for a convex lens
and negative for concave lens, while adding them.

Example 10: A concave lens of focal length 25 cm and a convex lens of focal length 20 cm are placed
in contact with each other. What is the power of this combination and its focal length ?

Solution:  f =25 cm (concave lens)

f, = +20 cm (convex lens)
P=1% = 4pp=1% =s5p
~25 + 20
P=P+P,=-4D+5D=1D
_ 100 100

=— =100cm=1m
P 1

Positive sign of P and F indicates that the combination is behaving like a convex lens.
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Key Points
- The two laws of refraction are: .

e The incident ray, the reflected ray and the normal (at the point of the incidence), all lie in

the same plane.

e The angle of reflection (r) is always equal to the angle of incidence (i) i.e,, £r= 2

For a normal incidence, »j= 2 p=q°
In plane mirror, the image of real object is always

e Virtual and erect

e Laterally inverted

e Of'the same size as of the object

® As far behind the mirror as the object is in front of the mirror.
In concave mirror, reflecting surface is towards the centre of the sphere of which the mirror is
a part. :
Convex mirror has the reflecting surface away from the centre of the sphere of which the mirror
is a part. _
In a spherical mirror, focal length (f) is half the radius of curvature (R) of the mirror ie.,
f=R/2.
The image formed by a concave mirror may be real, inverted and smaller / equal / larger in size

than the object, depending on position of the object. Only when the object is between pole P
and focus F of concave mirror, the image formal is virtual, erect and magnified.
The image formed by a convex mirror is virtual, erect and smaller than the object, whatever be
the position of the object.
Ifu is the object distance, v is the image distance and f is focal length of as spherical mirror,
then =1, 1
[ m y

Linear magnification produced by a spherical mirror, m is given by

M=M_=¥

hy 1

For convex mirror, m is positive and less than one, -as the image formed is virtual, erect and
shorter than the object.
For a concave mirror, m can be positive or negative.

Absolute refractive index (n) of a medium is the ratio of speed of light in vacuum or air (C) to

the speed of light in the medium (v) i.e., n= <. It is simply called refractive index of medium.
When speed of light in a medium is smaller, ‘its refractive index is larger. The medium is said
to be optically denser. When v is larger, n is smaller; the medium is said to be optically rarer.
When light passed from one medium 1 to another medium 2, the refractive index medium 2
w.r.t medium | is called relative refractive index, represented by 'n,

=B Vi 1
n1 n

e
T

o, i
Refraction of light is the phenomenon of change in the path of the light in going from one

medium to another. The basic cause of refraction is the change in the speed of light in going
from one medium to another. .
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According to Snell’s law of refraction, when light travels from one medium to another, the ratio

of sine of £ and sine of <r is equal to the ratio of refractive index of medium 2 w.r.t. medium
1 :

Sni  n,

T P - = nI

smr o on,
No refraction occurs when light is incident normally on a boundary of two media, or in case
refractive indices of the two media in contact are equal.
Ina convex lens, F, and F, are real points. In a concave lens, F, and F, are virtual points. When
medium on either side of the lens is the same, [, = L.

The lens formula is % il o 3

Vou
The linear magnification produced by a lens is given as
i B ' .
O h u
X ! ; - i
Power of a lens is reciprocal of focal length ie, P= & It is positive for a convex a convex lens

and negative for a concave lens.
; e _ 100
S1 unit of power of a lens is dioptre (D), P e
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10.

Multiple Choice Questions

The image formed by a concave mirror is found to be virtual, erect and enlarged. Where should the
object be placed? '

(a) Atthe centre of curvature, C (b) Between P and F

{c) Between Fand C (d) Beyond C

Where should an object be placed in front of a convex lens to get a real image of the size of the
object?

(a) AtF, (b) AtF,

(c) At2F, (d) At2F,

A-ray of light falls on a plane mirror making an angle of 30° with the mirror. On refiection, the ray
deviates through an angle of

(a) 60° : (b) 30°

(c) 90° (d) 120°

A child runs towards a plane mirror with a velocity of 5 m/s with what speed will his image move
towards him?

(a) 5mfs - (b) 10 m/s

{c) Zero (d) 15 m/s

The linear magnification produced by concave mirror is always positive. This is because

(a) Convex mirror is a small mirror

(b) Image formed by a convex mirror is always smaller in size than the object

(c) Image formed by a convex mirror is real .

(d) Image formed by a convex mirror is always virtual and erec

The focal length of a concave mirror that produces four times larger real image of an object held at
5 em from the mirror is

{a) ~4cm (b) =20 cm

(c) 20 cm (d) 5cm

When two or more than two rays starting from a point on the object, after refraction through a lens,
do not actually meet but appear to diverge from point, the image formed is

(2) Virtual (b) Real

(c) Inverted _ {d) Mone of these

A ray of light falling normally on a plane mirror on reflection

(a) Retraces its path (b) Deviate through 90°
(c) Reflect parallel to the mirror (d)} Do not refiect at all

A concave mirror produces an image of 20 cm height which is five times magnified. The height of
the object is

(a) 10ecm (b) 2¢m

(c) 4 cm {d) 5cm

If an object is placed at a distance of 10 ¢m in front of a plane mirror, how far would it be from its
image _ '

{a) 10cm (b) 20 cm

(c) 40 cm {d) 5cm
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11.

12,

13.

The linear magnification of a convex mirror of focal length 15 cm is % . The distance of the object

from the mirror is

(a) +15¢m (b) —15cm

{c) +30em (d) —30cm

H you want to get an image of the object in inverted position at 2 F,, the object should be placed at

8 B & / Fa l 2F,
lmage

(a) Between A x C ' (b) Between B x C

{c) AtA (d) AtB

The power of a convex lens P, is equal to 4 D, which is placed in close contact with a concave lens
having power P, equal to — 10 D. What will be the power of the combination of the two lenses?
(a) —6D by 6 D

(c) 40D (d) -40D

Direction: See the given below diagram and answer the questions from Q. 14 to 16.

14.

15,

16.

17.

7
iR

If the height of the object is 1 cm, what will be the size of the image if the object is placed at a
distance of 2 F?

(a) 2cm ] (b) 4 cm

{c) 1em (d) 8 cm

The above lens is a

{a) Concave lens (b) Convex lens

{c) Concave convex lens (d) Convex concave lens

The ray of light paraliel to the principal axis of a convex lens will pass after refraction
{a) Through F (b) Through2 F

(c) BetweenFand 2 F (d) Between C and F

The image of a small electric bulb fixed on the wall of a room is to be obtained, on the opposite
wall 3 m away by means of a large convex lens. What is the maximum possible focal length of the
lens required for the purpose ?

(a) 0.25m (b) 0.50 m

(¢) 1m (d) 0.75m
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18.

19.

20.

21,

22,

29,

24,

29,

26.

27,

A concave lens is kept in contact with a convex lens of focal length 20 em. The combination works
as converging lens of the focal length 100 cm. The power of concave lens is

(a) -D (b) -2D

(c) -4D {d) 4D

The linear magnification of a convex is — 1 when object in front of the lens is
(a) At infinity (b) At focus

(c) At2F (d) BetweenF and 2 F,

An object is held at 40 em from a concave lens of focal length 60 cm, The distance of the image
from the lens is

(a) —24 cm ' (b} 24 cm

{c) —60cm (d) + 60 cm

If a glass is placed in a liquid of refractive index that is equal to glass, it will-
(a) Enlarge (b) Disappear

(c) Shine (d) Become tiny

The focal length of a combination of convex lens of power 1 D and concave lens of power— 1.5D
s .

{a) —0.5m , (b) —1.5m

{c} —2m ) (d) 2.5m _

A concave mirror produces three times magnified real image of an object placed at 10 cm in front
of it. The image is located at

{(a) 30 cm in front of the mirror {b) 30 em behind the mirror
(c) 60 cm in front of the mirror . {d) 60 cm behind the mirror
One dioptre is the power of lens of focal length

(a) 100 metre {(b) I metre

{c) 10 metre (d} 1 centimetre

The power of a concave lens of focal length 2 m is

{a) —0.5D vy S D

{c) 2D _ (d-2D

Which of the following can make a parallel beam of light when light from a point source incident
on it?
(a) Convex mirror as well as concave lens (b) Concave mirror as well as convex lens
{c) Both concave and convex mirror (d)} Both concave and convex lens
A beam of light is incident through the holes on side A and emerge out of the holes on the side B
of the box as shown in the figure ? Which of the following could be inside the box 7
{a) Concave lens (b) Rectangular glass slab
(c) Convex lens (d) Prism

A B
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28.

20,

40.

3l.

32

33.

34.

35.

Which of the following statement is true?

(a) A convex lens has — 4 dioptre power having a focal length 0.25 m

(b) A concave lens has 4 diopire power having a focal length 0.50 m

(c) A concave lens has - 4 dioptre power having a focal length 0.25 m .
(d) A convex lens has 4 dioptre power having a focal length 0.25 m

Magnification produced by a rear view mirror fitted in which lens is

(a) Less than one

(b) More than one

{¢) Equal to one

(d) Can be more or less than one depending upon the position of the object in front of it.

A full length image of a distant tall building can definitely be seen by using

{a) A concave mirror (b) A convex mirror ;

(¢) A plane mirror (d) Both concave as well as plane mirror
In torches, search lights and headlights of vehicles, the bulb is placed

(a) Very near to the focus of the reflector

{b) Between the pole and the focus of the reflector

(c) Atthe centre of curvature of the reflector

(d) Between the focus and centre of curvature of the reflector

When a ray of light is incident (coming out) from a glass slab into the air, then the reflected ray will be
(a) Near to the normal (b) Away from the normal .

(¢) On the same path of the normial (d) Reflected back in the glass slab

Which of the following has a very high refractive index ?

(a) Water {b) Ice

{¢) Diamond {d) Crown glass

You are given water, mustard, oil glycerine and kerosene. In which of these media a ray of light

incident obliquely at same angle would bend the most?

(a) Kerosene (b) Water

{c) Mustard oil (d)} Glycerine .

Which of the following ray diagrams is correct for the ray of light incident on a concave mirror 7

(dy P
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36.

38,

39.

40.

41,

42.

43.

45.

Achild is standing in front of magic mirror. He finds the image of his head bigger, the middle portion
of his body of the same size and that of legs smaller. The following is the order of combinations for
the magic mirror from the top.

(a) Concave, plane and convex (b) Plane, convex and concave

{c) Convex, plane and concave (d) Convex, concave and place

In which mirror will the image of an object placed at infinity be highly diminished and point sized,
(a) Concave mirror only (b) Convex mirror only

{c) Convex lens only (d) In all lenses and mirrors

You have caught your left ear but it appears that you have caught your right ear, it means you are
standing in front of a

(a) Concave mirror {b) Plane mirror

(¢) Convex mirror (d) Transparent glass

If an object is placed at infinity in front of a convex lens, the image of the object formed will be
(a) Real, at focus and equal to the object

(b) Virtual, at focus and equal to the object

(c) Real. inverted at focus and highly diminished

(d) Real, inverted at focus and larger than the object

The linear magnification of a convex lens

(a) Is always positive (b) Is always negative

(c) May be positive or negative (d) Cannot say

The image formed by a convex lens is virtual and erect only when object is held
(a) AtF (b) At2F

(¢) Between F and C (d) Cannot say

You are provided with a convex lens of focal length 20 cm. To obtain a real inverted and magnified
image of an object, distance of object from lens must be

{a) 20 cm (b) 40 e¢m

(c) 30cm {d) 60 cm

Avirtual, erect and magnified image is formed by a convex lens of focal length 10 cm. The distance
of object from the lens is

(a) 10¢cm . (b) Scm

{¢) 20 em (d) 30 cm

You are provided with a convex lens of F = 50 ¢m. To obtain a smaller inverted image, the distance
of the object from the lens should be

(a) 50 cm . (b) 75 cm

{c} 100 cm ' (d) 120 cm

A student performs the experiment on tracing the path of ray of a light passing through a rectangular
glass slab for different angles of incidence. He measures the an gle of incidence i an gle of

refraction ~r and angle of emergence « e for all his observations. He would find in all cases
(a) «iismore than ~r but nearly equal to < ¢ (b) ziislessthan ~rbutnearly equal to ze

(¢) ~iis more than £ e but nearly equal to ~r (d) «iislessthan e butnearly equal to 21
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Answer Key

L) 2.(c)
11.(d) 12.(c)
21. (b) 22.(c)
31.(a) 32.(b)
41.(c) 42.(c)

3. (d)

13. (a)
23 (a)
33. (c}
43, (b)

4. (b)

14. (c)
24. (b)
34, (d)
44. (d)

5.(d) 6.(a)
15.(b) 16. (a)
25.(a) 26.(b)
35.(c) 36.(a)
45, (a)
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17. (d)
27. (¢)
37.(d)

8. (a)
18. (c)
28. (d)
38. (b)

9.(c)

19. (¢)
29. (a)
39. (c)

10. (k)
20. (a)
30. (b)
40. (¢)
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Hints and Solutions

3. (d)
ZAON=i=30°=r= £<NOB
Ray AA’ deviates such that angle of

Deviation £A'OB =
4. (b)
As image is far behind the mirror an the nbje.ct
is in front of the mirror, therefore the image
will move towards him with double the speed
ie,2x5=10ms
5. (d)

m= —Y . Fora convex mirror, v is —ive, thus m
u

becomes positive.

6. (a)
u=->35 cm, m=—4 [when the image is real, it
is inverted, m is negative]

Asm=="v=-—mu=-(-4)(-5)=—20 cm

J80° -

30° - 30°=120°

e ot 1 1 -1-4 =]
= — = = —t = = —
Yoo

=20 =5 20 4

For the ray falling normally,

Zi=0°= 2t

Therefore reflected ray retraces its path
9. (c)
h]‘

n1=——.-1-,m=5,11¢=2[}cm
h, O 2
h=0 2 -4cm
m 3
10. (b)

The image formed in a plane mirror is as far
behind the mirror as the Dbjﬂct is in front of the
: I.'!‘IIITDr

rs F 3
p—u ¥ —p
Object mage
u=y =10

Therefore, distance between object and image
ut+v=2u=2x%x10=20cm
11. (d)

m= -l-_.f=]5cm
3

m;_i-_.!.:?\.nzﬂ
n 3 3
For mirror, dada ket 4 sy
v u f n u f n f
u=-2°F
==2x15
=—30cm
12. (e)

When the objectishold at 2 F , of convex lens,
the image is formed on the other side the lens
of 2 F, and is real and inverted.

13. (a)
P=P +P,=4D+(-10D)=-6D
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14. (¢)
In case of a convex lens, an object placed at 2
F from the lens forms an inverted image of the
equal size at the other side of the lens at 2 F
distance.

15. (b)
The case is of convex lens

16. (a)
The parallel ray after refraction pass through
focus on the other side of the convex lens.

17. (d)
u+ v =23 m(given)
As maximum distance between an object and
image in case nf‘a convex lens =4 f

4f=3m=f= —-m 0.75m

6

f r;:f convex lens =20 c:m =

0 _sp

combined focal length F = 100 cm, combined
100 100
E. 100

P=P +P, =P, (of concave lens) =P — P
D-5D=-4D

19. (¢)
In a convex lens, when object is in front of the

power of P= ——

lensat 2 F , an inverted image of size of object -

(h,=h,) is formed at 2F,. Therefore, m=— 1.
20. (a)
u=-40cm, f=- 60 cm

1 1A=t 2 1.1 L =&
v u f v f  um —60 —40 120
v= % =—24 cm
22. (¢}
P=P +P =ID+{~15D]=—GSD
100 100 _ —200 am ——21]1

P=—=-05=F=_
F

23.(a)
A concave mirror producing teal image is
always inverted i.e., h, is negative, then m is
also negative.

m=—3;u=-10c¢cm;

m = "{,‘i 2y=—mu=-(-3) (- 10 cm)
=—30¢cm

Since v is also negative, image is formed in
front of the mirror,

25. (a)
f=-2m=-200cm
F= 100 100 55y
f(cm)  -200
26. (b)

When a peint source is held at focus of a
concave mirror or a convex lens, we get a
parallel beam of light,

27. (c)

A convex lens alone can deviate -the rays as
. shown in the figure.
28. (d)
1 f 1 1
P== —-};:-;t- = (125 ¢m

29, (a)

A rear view mirror used in vehicles is a convex
mirror whose magnification is always less than
O1e.

30. (b)

A full length image of a tall object can
definitely be seen using a convex mirror.

34, (dy
A ray of light incident obliquely at some angle
would bend the most in the liquid whose
refractive index is maximum.

35. ()

The ray of light incident on a concave mirror
in a direction parallel to principal axis must
pass through focus F on reflection from the
mirror.

—_
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36. (a) 44. (d)

As image of head is bigger, the top portion of For a smaller inverted image, object has to be
magic mirror must be concave. The middle beyond 2 F ie., greater than 100 cm in this
portion appears to be of same size, therefore, case,

middle portion of magic mirror must be plane.
Asimageof his legs appear smaller, the bottom
of magic mirror must be CONvex.

43. (b)

For a virtual, erect and magnified image,
object lie between Fand C, If F= 10 em, r =

g = 5 ¢m which is OC.
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2.  Human Eye and colourful World

Learning Objectives
* The Human Eye and its Working
* Power of Accommodation of Human Eye
* Defects of Vision
* Myopia
* Hypermetropia
* Presbyopia
* Astigmatism
* Refraction of Light Through a Prism
* Dispersion of White Light by a Glass Prism
* Atmospheric Refraction
* Twinkling of stars
* Blue colour of clear sky
* Redness of sun at sunrise and sunset
* Scattering of light
* Tyndall effect

The Human Eye
Human eye 15 considered as one of the most
sensitive and most important sense organ, It RECTUSMUSCLE - o

uses light and enables us to see. It works on
the refraction of light through eye lens inside >
the eve ball. . i 'L-':' : g \ - EHoRIS

Parts of Human Eye :
Cornea HUMOUR™, k S R L VIEUAL

It is the front transparent part of the eye which ~ —=——f —OFTICA.
. o e R
is bulged outwards. Comea serves as the P i
window of the eye. Light from objects to be e
seen enters the e
ve through the cornea. USPENSORY. _hoeTie
. MAGHT . MERVE
Iris I i )
CONIURCTIVA-" L . RETINAL ARTERY
s % ANDVEIN
MUSCLES ;

Behind the comnea, is a circular diaphragm
called iris. The iris has muscles and coloured
pigment which decides the colour of the eye.
Pupil

The hole in the centre of cornea is called pupil.

) “r&'ﬂ- Mﬁ;bl{: SCI:‘.‘ﬁmnc
Human Eye
Fig. 2.1
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Key Note: The function of iris is to control and regulate the amount of light entering the eye by
adjusting the size of the pupil.

Eye lens

Behind the pupil is a double convex lens, called the eve lens. This lens is made up of fibrous, jelly
like matter, and is held in position by the ciliary muscles on both sides. The focal length and hence
converging power of eye lens is not fixed. It is adjustable, because its curvature can be modified to some
extent by the ciliary muscles.

Retina .
Behind the eye lens and at the back part of the eye ball is a screen called retina on which image of the
object is formed. The retina contains numerous light sensitive cells in the form of rods and cones.

Eye lid
An eye lid in front of human eye acts like shutter in a camera.

Blind spot _
The least sensitive spot on the retina is called the blind spot. The blind spot, is where the optic nerve
enters the eye ball. ;

Optic nerve

Rod type cells respond to intensity of light and cone type cells respond to the colowr of light. These
cells get activated upon illumination and generate electric signals or nerve impulses which are sent to
the brain via optic nerve.

Aqueous humour
The space between cornea and eye lens is filled with a viscous liquid called aqueous humour.

Vitreous humour
The space between eye lens and retina contains a transparent jelly
called vitreous humour.

Working of the Human Eye A

Light rays coming from the object AB enter the eye through cornea

and fall on the eye lens through the pupil of the eye. The eye lens wh
being convex, forms a real, inverted and smaller image of the object 8

on the retina. The rod and cone type cells of retina get activated

by the light falling on the retina and generate electrical signals or

nerve impulses, which are sent to the brain via optic nerve. The brain

processes this information and we perceive object as they are i.e., without inversion.

Eye Lens

=

Fig. 2.2

Colour blindness

It is said to occur when a person cannot distinguish between different colours, through his vision may
otherwise be normal. This is because retina of eye such as a person does not possess some specific cone
cells. For example, a person who is blind to green colour may be deficient in cone cells having green
pigment in the retina of his eyes.

Power of Accommodation of Human Eye
The ability of the eye to observe distinctly the objects situated at widely different distances from the
eye is called accommodation or power of accommodation of the eye, This is due to the action of ciliary
muscles holding the eye lens.
* For observing distance objects (say at infinity), the ciliary muscles are released. The eye lens is
thin, and it has maximum focal length and minimum covering power. The image of the distance
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object is formed on the retina. This, for observing distant ebjects, eye is in relaxed state, It
is said to be unacepmmodated.

*  The most distant point at which an object can be seen clearly is called Far point (F) of the eve.
For a normal eye, far point lies at infinity.

+ The point at closet distance at which an object can be seen clearly by the eye is called Near
Point (N) of the eye, The distance of the near point of a normal eye is called the least distance
of distinct vision, represented by d.

+ For a normal eye, value of least distance of distinct vision is d = 25 cm. This distance increases
with age, because of weak ciliary muscles and loss of flexibility of the eye lens,

+  The distance between the near point N and far point F of the eye is called Range of Vision.

*  The maximum power of accommodation of the eye for a person having normal vision (d = 25

em) is P= 12 100 =4 dioptre.
f

Defects of Vision

Sometimes, the eye may lose its power of accommodation, the vision becomes blurred due to the
refractive dcfectq of eyes. In such conditions, a man cannot see the object clearly and comfortably,
There may be djffarent reasons for different defect of vision,

Myopia or short szghtedness

It is that defect of human eye by virtue of which it can see clearly the objects lving at short distances
from it but the far off objects cannot be seen clearly. Myopia is a common name for impaired vision.
In a myopic eye image is formed in front of retina.

Causes: This defect arises because the power of the eye is too large due to the decrease in focal
length of the crystalline lens. This may arise due to either (i) excessive curvature of the cornea or (ii)
elongation of the eyeball. -

Correction: This defect can be corrected using a concave lens. A concave lens of appropriate
power or focal length is able to bring the image of the object back on the retina itself and not in front
of the retina.

Key Note: Focal length of concave lens used for correcting the rn}n:npm eye is equal to the distance of
far point (F) of the myopic eye.

Hypermetropia or long sightedness

It 1s that defect of human eye, by virtue of which it can see clearly the objects lying at large distances
from it. But the nearby objects cannot be seen clearly by the hypermetropic eye. Hypermetropia is the
common name for defect in vision. In this case, the image is formed behind the retina.

Causes: This defect arises because either (i) the focal length of the eye lens is too great, or (ii) the
eyeball becomes too short, so that light rays from the nearby object, say at point N, cannot be brought
to focus on the retina to give a distinct image.

Correction: This defect can be corrected by using a convex lens of appropriate focal length. When
the object is at N, the eye exerts its maximum power of accommodation. Eyeglass with converging
lenses supply the additional focusing power required for forming the image on the retina.

Key Note: When a person suffers from both Myopia as well as Hypermetropia his spectacles for
correction have bifocal lenses. The upper halfis a concave lens for distant vision and lower
_ half is convex lens for réading.

Presbyopia or old sight
It is a progressive from of for sightedness, in which an old person cannot read and write comfortably. It
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affects most people by the age of early 60s. That is why it is also called old sight. Most people find that
the near point gradually decreases.

Causes: Old sigh arrises due to gradual weakening of the ciliary muscles and dimininshing
flexibility of the crystalline lens.

Correction: Simple reading eyeglass with convex lenses correct most cases of presbyopia,

Astigmatism
It is a defect in the outer curvature on the surface of the eye that causes distorted vision. A person
suffering from astigmatism cannot simultaneously focus on both horizontal and vertical lines,
Causes: This defect is usually due to the cornea that is not perfectly spherical
Correction: This defect can be corrected by using eyeglasses with cylindrical lenses oriented to
compensate for the irregularities in the comea.

Refraction of Light Through a Prism -

When the light passes through the glass prism it bends towards the base of the prism. When the light ray
is incidented on glass prism, it undergoes refraction while passing through the glass prism. The angle
between the incident ray and emergent ray is called the angle of deviation,

el

Glass Prism

Sheet with pin hale "
White
Fig. 2.3 Screen

Dispersion of White Light by a Glass Prism

When the white light is allowed to pass through the prism, it spilts up into its constituent colours, called
spectrum. Spectrum is the band of seven colours popularly known as VIBGYOR. This splitting of
white light into seven colours is called the dispersion of light. Each constituent colours has different
angle of refraction. The red colour undergoes least deviation and the violet colour undergoes maximum
deviation,

Rainbow: One of the most beautiful example of dispersion of light is the formation of rainbow,
soon after rainfall in the sky. It is also called the natural spectrum. Soon after rainfall when the sun
comes out, the sunlight falls on the tiny droplets of water hanging in the atmosphere and undergoes
dispersion into its constituent colours and appears as band of seven colours in the sky, in the form of
rainbow. The raindrops acts as prism in the atmosphere.

Atmospheric Refraction

Our atmosphere is made of different layers having different optical density. When the light passes
through these different layers, it undergoes refraction, which is called the atmospheric refraction.
Light coming from stars after entering earth’s atmosphere passes from rarer to denser layers. Therefore,
it suffers multiple refractions before reaching the surface of the earth. Some of the phenomena based on
atmospheric refraction and total internal reflection of light are discussed below.
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Twinkling of stars

We know that stars have the light of their own and their light passes through different densities of the
atmosphere causing refraction. When atmosphere refracts more light towards us, it appears to be bright.
When it refracts less light, it appears to be dim, This effect is called twinkling of stars.

Blue colour of clear sky

The sunlight is made up of seven colours and when this mixture of seven colours passes through the
atmosphere, most of the longer wavelength lights do not get scattered much by air particles and passes
straight through the atmosphere.

However, the shorter wavelength blue colour light gets scattered all around the sky by air molecules
in the atmosphere and our eyes receives only this blue colour and hence sky appears blue to us. It there
would have been no atmosphere, the sky would have appeared black to us, as it appears in the outer
space at night,

Reddishness of sun at sunrise and sunset

At the time of sunrise and sun set, the sun is near the horizon and the sunlight has to travel the long
distance through the atmosphere, before rear.:hmg our eyes. During the journey most of the shorter
wavelength of the sunlight gets scattered away in the atmosphere and only the longer wavelength of
light i.e., red light reaches our eyes. Hence, the sun appears reddish during sunrise and sunset.

Scattering of light
Scattering of light is the phenomenon of change in the direction of light on striking an obstacle like an
atom, a molecule, dust particle, water droplet, etc. The scattering involves bouncing off elem—:}mgnetm
radiation by atoms / molecules of the medium through which they are travelling.

Scattered Light

EabdRE R R s b R bR Sca ttEi‘E-‘F

Fig. 2.4

Thus, light rays of helter-skelter on striking obstacles in their path. As sunlight travels through
the atmosphere of earth, it gels scattered from the large number of atoms/molecules present on the
atmosphere. Lord Rayleigh studied this elastic scattering, he established that ‘intensity of scattered
light (I,) varies inversely as the fourth power of the wavelength of incident light i.e., I o 3}; i

Another important factor in scattering of light is the relative size of the scatters (say x) compared
to the wavelength of light (1).

For x << A i.e., when size of scatters is much less than the wavelength of light, Rayleigh scattering
is valid.

For x =>4 i.e., when size of scatters is much larger than the wavelength of light, Rayleigh scatiering
is not valid. In that event, all wavelengths are scattered approve equally.

Tyndall effect
The earth’s atmosphere is a heterogeneous mixture of minute particles such as smoke, tiny water droplets,
suspended patticles of dust and molecule of air. When a beam of light strikes such fine particles, the
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path of the beam becomes visible. The light reaches us after being reflected diffusely by these particles.
The phenomenon of scattering of light by the colloidal particles give rise to Tyndall effect.

Tyndal effect can also be seen when sunlight passes through a canopy of a dense forest. Here,
tiny water droplets in the mist scatter light. The colour of the scattered light depends on the size of the
scattering particles. Very fine particles scatter mainly blue light while particles of larger size scatter
light of longer wavelengths. If the size of the scattering particles is large enough, then the scattered light
niay even appear white,

Key Note: Very fine particles scatter mainly blue light of smaller wavelength; larger particles scatter
mainly red light; when size of the particles are pretty larger, all wavelengths are scattered
almost equally and the scattered light appears white.

Key Points

v' Light rays coming from an object enter the eve through cornea, and fall on the eye lens through
the pupil of the eye. As the eye lens is double convex lens, it forms a real. inverted and smaller
image of the object on the retina.

¥" The numerous light sensitive cells contain in the retina of the eye are of the two types : rod
shaped cells which respond to brightness or intensity of light; and cone shaped cells, which
respond to colour of light. The cone shaped cells enable us to distinguish between different
colours.

¥ Power of the eye to observe distinctly the objects situated at widely different distances from the
eye is called power of accommodation of eye. This is achieved by the action of cilinary muscles
holding the eye lens. .

¥" The most distance point at which an object can be seen clearly is called far point (F} of the eye.
For normal eye, far point is at infinity.

¥" The point at closest distance, at which an object can be seen clearly by the eye is called near
point (N) of the eve. For normal eye, near point is at 25 ¢m, which is called the least distance
of distinct vision of normal eye.

v Four common defects of vision are — Myopia (short sightedness); Hypermetropia (long
sightedness); Presbyopia (old sight); and Astigmatism.

v" When a person suffers from both the myopia as well as hypermetropia, his spectacles for
correction have bifocal lenses. The upper half is a concave lens for distant vision and lower
half'is a convex lens for near vision like reading.

v" Dispersion of light is the phenomenon of splinting of white light into its constituent seven
colours on passing through a glass prism. The band of seven colours so obtained is called
visible spectrum,

v Different colours undergo different deviations on passing through the prism. Hence, different
colours from the prism along different directions causing dispersion.

¥ Rainbow is a good example of dispersion of white light in nature. Sunlight disperses on passing
through tiny droplets of water suspended in air during or afier a shower.

¥ Atmospheric refraction is the phenomenon of bending of light on passing through earth’s
atmosphere. This is because upper layers of earth’s atmosphere are rarer compared to the lower
layers.
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v

v

Scattering imvelves bouncing off of electromagnetic radiations by atoms/molecules of the
medium through which they are travelling. When size of scatterer (x) is very much less than
wavelength (x) of light, Rayleigh scattering is valid.

Tyndall effect deals with the phenomenon of scattering of light by colloidal particles. On the
basis of scattering, we can account for blue colour of clear sky, white colour of clouds, reddish
colour of sun at sunrise and sunset, ete.
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10.

11.

Multiple Choice Questions

The far point of a myopic eye is at 50 cm. The power of the lens to correct his vision is
(a) 4D (b) -2D

(¢) +2D _ (d) +4D

The human eye can see both nearby and distant objects clearly. This is because

(a) The ciliary muscles connected to the eye lens can adjust its focus

{b) The least distance of distinct human vision of 25 ¢m,

{¢) The retina can change position

(d) All of the above

Human eye is more or less like a

(a) Microscope (b) Telescope

(c) Camera (d) None of these

A person needs glasses for driving is suffering from which defect in his vision 7

(a) Hypermetropia {b) Presbyopia

() Astamagtism {d) Myopia

The function of iris is to regulate the amount of light entering the eye by adjusting the size of
{a) Pupil _ (b) Comnea

(c) Iris {d) Retina

The change in focal length of an eye lens to focus the image of the objects at varying distances is
done by the action of

(a) Retina {b) Ciliary muscles

(c) Iris {d) Pupil

The splitting up of the light into its constituent colours, and the coloured bands so obtained on the
screen are called

(a) Dispersion (b) Scattering

{c} Spectrum (d) Refraction

The cells which enable us to distinguish between different colours are
{a) Rod shaped (b) Cone shaped
(c) Both types of cells (d) None of these
The property of eye which is used in cinematography is

(a) Persistence of vision - (b} Power of accommodation
{c) Colour blindness (d) Range of vision
Cataract is a flow that arises when eye lens of person becomes

{2) Hazy (opaque) (b) Transparent

(c) Black {(d) None of these

The essential condition for Rayleigh’s elastic scattering is

(a) Size of scatterer (x) must be much less then the wavelength of light () incident ie., x <<
(b) x>>%

{c) x=2

(d) mdependent of x and X
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12,

13.

14.

b5

16.

L

18.

19.

20.

21

22

23

ad Snlernaliona

The deviation of a ray of light passing through a prism dependson - otﬂgﬁznﬁ ¢
(a) angle of prism : (b) nature of material of the prism
(c) angle of incidence of the ray (d) All of the above

The longest visible wavelength 800.0A% isof ...... colour

{a) Violet (b) Red

{¢) Green (d} Orange

What is the frequency of violet colour of wavelength 4000 A®?

(a) 3.5 = 10¥ Hz (b) 3.75 = 10" Hz

(c) 7.5= 10" Hz (d) 7.25 = 10" Hz.

The cause of advanced sunrise and delayed sunset is

{a) Scattering of sunlight (b) Dispersion

(c) Atmospheric refraction (d) None of these

Blue.colour of clear sky is on account of

(a) Scattering of sunlight {b) Dispersion

(c) Atmospheric refraction _ (d) None of these

The intensity of scattered light (1) varies inversely as the .......... power of wavelength (1).
(a) First (b) Second

(c) Third (d) Fourth

The intensity of scattered violet lightis ......... times the intensity of scattered red light.
(=) Four (b) Eight

(c) Sixteen {d) Two

How many times does a ray of light bend on passing through prism ?

(a) once {b) twice

{c) thrice (d) four times

The visible part of electromagnetic spectrum lies in between

(a) Ultravielet and infrared rays (b) Infrared and microwave rays
(c) X-ray and infrared rays .+ {d) X-ray and gamma rays

The refractive index of glass is 3/2. Velocity of light in glass would be

(a) 3x 10°m/s (b) 2= 10° m/s

(c) 10* m/s (d) 1.33 = 10" m/s

A student sitting on the last bench can read the letters written on the blackboard but is unable to
read from his textbook. Which of the following statements is correct ?
(a) The near point A his eyes has receded away

(b) The near point A his eyes has closer to him

(c) The far point A his eyes has closed to him

{(d) The far point A his eyes has receded away

At noon, the sun appears white as

{(a) Blue colour is scattered the most

(b) Red colour is scattered the most

{c) All the colours of white light are scattered away

{d) Light is least scattered
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24,

23

26.

27,

28,

29.

30.

31.

32

33

34,

If a body appears red colour in light, the real colour of the body is

(a) Definitely white (b) Definitely red

(¢) Either red or white (d) Any colour except red and white

Which of the following phenomena of light are involved in formation of a rainbow 7

(a) Reflection. refraction and dispeisi-::m

(b) Refraction, dispersion and total internal reflection

(c) Refraction, dispersion and internal reflection

(d) Dispersion, scattering and total internal reflection

Which of the following contributes significantly to the reddish appearance of the sun at sunrise and
sunset 7

(a) Scattering of light (b) Dispersion of light
(c) Total internal reflection of light (d) Reflection of light from the earth
The bluish colour of water in deep sea is due to
(a) The presence of algae in water (b) Reflection of sky in water
(c) Scattering of light * (d) absorption of light by the sea
When light rays enter the eye, most of the refraction occrues of the
(a) Iris (b) Pupil
* (c) Outer surface of the cornea (d) Crystalline lens
The focal length of the eye lens increases when eye muscles
(a) Are released and lens becomes thinner (b) Contract and lens becomes thicker
(c) Are released and lens becomes thicker (d) Contract and lens becomes thinner

A glass prism has

(a) Six rectangular surfaces

(b) Four rectangular surfaces

(c) Two triangular bases and their rectangular surfaces

(d) None of these .

In passing through a glass prism, a ray of light undergoes how many refractions ?
(a) One ] ' (b) Two

(c) Three (d) Four

If A is angle of prism D is angle of deviation, i is angle of incidence and ¢ is the angle of emergence
through & prism, then the correct relation between the four angles is

(a) A+i=D+e (b) A+D=ji+e

(c) A+e=D+i (d) Adite=D

Angle of deviation through a prism of angle 60°, when angles of incidence and emergence are 40°
each is

(a) 40° (b) 20°

{c) 60° (d) 30°

Dispersion of light through a prism is

(a) Same as reflection

{(b) Same as refraction

(c) Splitting of white light into its constituent colours

(d) None of these
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3.

36.

37.

38,

sesvss.. 18 at the lower end and ..... .is at the upper end of the visible spectrum
{a) Violet, red (b) Red, blue

(c) Red, violet - (d) Blue, red
Wavelength of violel and red colour lights are

(a) 4000 A°, 6000 A° {(b) 7900 A%, 4000 A®
(c) 4000 A° 9000 A® (d) 4000 A°, 7900 A°

The basic cause of dispersion of white light on passing through a glass prism is
(a) Same wavelength of different colours

(b) Different wavelengths of different colours

(c) Different colours travel through glass prism with same speed

(d) None of these

If angle of deviation of light through a prism of angle 60° is 40°, angle of incidence (being equal
to angle of emergence) would be
(a) 50° (b) 60°
{c) 40° _ (d) None of these
Which phenomenon is not explained on scattering of light 7
(a) Red colour of danger signals (b) Blue colour of the clear sky
{c) White colour of clouds {d) Advanced sunrise
Which of the following phenomena cannot be explained by scattering of light 7
(a) Bluecolour of the sky (b) White colour of the clouds
(c) Formation of rainbow (d) Tyndall effect
Answer Key

L) 2() 3.() 4@ 4@ 60 7( 8() 9@ 10.()
11.(x) 12.(d) 13.(b) 14.(c) 15.(c) 16.(a) 17.(d) 18.(c) 19.(b) 20.(a)

21.(b) 22.(a) 23.(d) 24.(c) 25.(c) 26.(a) 27.(c) .28.(c) 29.(a) 30.(c)

31.(b) 32.(b) 33.(b) 34.(c) 35.(a) 36.(d) 37.(b) 38.(a) 39.(d) 40.(c)
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Hints and Solutions

1. (b)
Here, distance of far point x=50cm

Asf=—x - f=—50¢em

100 _ 160
f

Power, P= ~— =12 dioptre

=50

Negative sign indicates that the lens used is
concave

14. (c)
o EE 3x10’m:;5 =75% 10%Hz
Ao 4000 % 10"m -
17. (d) -
l'ull"
18. (c)
L) = 3 ) (sooasy .
{I,:Ir A, 4000 A"
19. (b)

A ray of light entering a prism is refracted

twice. Therefore, it.bends twice on a passing

through the prism

21. (b)
nt=E v =3:-<1[:+‘3><E
7] ¥ 3
25. (c)

In the formation of a rainbow, sun rays

through rain drops undergo first refraction,
then dispersion and finally internal reflection
before coming out of the rain droplets,

26. (a) '
Reddish appearance of the sun at
sunrise or sunset is due to least
scattering of red light.

30. (c}
The prism can be seen as the roof
top of a hut as shown in the figure.

31. (b)
A ray of light undergoes two refractions at the
two faces of the prism

33. (b)
A=60° si=se=a0°
AsA+D=i+e . 60°=D=40°+40° =D
= 80°—60°=20°

38. (a)
A=60°D=40"i+e=A+D = 2i=2e=A
+D

i=e(given) - i=o= ASD_E 1400 _ g,

39. (d) ﬁ

Advanced sunrise is due to atmospheric
refraction.
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3. Electricity

Learning Objectives

* Electric Current and Electric Circuit

* Electric Potential Difference

Ohm's Law

* Resistance, Factors Affecting it

* Resistively or Apecific Resistance

* Combination of Resistors in Series and Parallel
* Heating Effect of Electric Current

* Electrical Power

Domestic Circait

Electric Current
The flow of charges in a conductor is known as electric current. In a metallic conductor, there are
free electrons which have negative charges, and thesg electrons can move from one part to another part
of the conductor. They are the charge carriers. The flow of these electrons in a conductor constitute
electric current. :

Definition of electric current: ‘An electric current is defined as the e
amount of the charge flowing through a conductor in unit time. L S

Let Q) be the charge flowing through a conductor in time t, lhe:n electric
current 1 is given by the equations :

Charge moving through a

Charge wire conducter
Electric current = T = Fig. 3.1
ime
Or
e
t
Where, | = electric current
q = charge
t = time

Key Notes: (1} S.1. Unit of electric current is Ampere (A). We know that unit ﬂfcharg.e () is coulomb

lcoulomb(c) Jog™!

(C} and unit of time (t) is second (s). Therefore, 1 ampre (A) =
- 1Second(s)

(if) Unit ofelectric current was named in the honour of Andre Ampere, the French scientist.
(iii) An electron possess a negative charge of 1.6 = 1077 C.

Example 1: A current of 0.5A is drawn by filament for an electric bulb for 5 mmut&s Find the amount
of the electric charge that flows through the circuit.
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Solution:
I=0.5 A, t=35 minutes = 300z

We know that 1= 2 = Q=1t=0.5 A x 300S = 150 C

-
Electric Circuit

An electric circuit is a closed conducting path containing a source of electric energy (say, a cells or
battery) and device (say, a bulb) or load utilising the electric energy. Here, cell is the source of electric
energy and electric bulb is the load symbols used in circuit are

| = An electric cell

K . \ m R i ¥
—(+>— Plug key or closed switch
{®) Etectric bulb "
—"@"— Ammeter : )

v - HE—15

—AMAN— Resistance

A closed elechric clrouit

Electric Potential and Potential Difference Fig: 32

*  We define electric potential at a point in electric field as the work done in moving a unit
positive charge from infinity to that point in the electric field: Electric potential is denoted as V.
* Let W be the work done in moving a charge q from infinity to a point in the electric field, then
the electric potential (V) is given as :
Vs
Q
Key Notes: (i) The S.I. unit of potential is voit denoted as V.

(i) Since work W is measured in Joule and q is in coulomb

Thus, 1 Volt = _14o%€ * = 5l
1 Coulomhb !

(iii) Unit of electric potential was named in the honour of the Italian scientist Alessandro
Wolta,

Example 2: How much work is done in moving a charge of 5 coulomb across two points of a circuit
having a potential difference of 15 volts 7

. Solution:
V= 'g = W=QV

HEI‘E, v=15s Q=5
Y W=15V x5C=75 Joules

*  We define potential difference between two points A and B in an electric circuit carrying some
current as the work done to move a unit charge from one point to the other.

Potential difference (AV) =V, — V_ = .‘g
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OHM’s Law :
German physicist George Simon Ohm in 1826 studied the relationship between
electric current and potential difference across the ends of a conductor. This
relationship is called the Ohm’s law. This law states that. _ T

“The electric current flowing in a conductor is directly proportional to the |
potential difference across the ends of the conductor, provided the temperature
and other physical conditions of the conductor remain the same.”

Electric current (I) oc potential difference (V) —> V

le V=2Vl or V=IR B3

Here R is a constant.

Where, R is the constant of proportionality and is known as resistance of the conductor,

Resistance: Resistance (R) of a conductor is the property of a conductor to oppose the flow of
charge through it. It denotes the ratio of potential difference (V) to the current (1) following through the |
conductor.

W

R = —

Unit of resistance is ohm denoted by Greek letter omega. Its symbol is Q.

Thus, 1 ohm = 1 _jya-
| ampere

MNote:
1 Kilo ohm (KW)= 10° O
1 Mega ohm (MW)= 10° 0

~ Factors on Which the Resistance of Conductor Depends
There are four factors on which the resistance of a conductor depends.

1. Length of a conductor: The resistance of the conductor is directly proportional to the length of
the conductor. Hence, longer the wire, more is the resistance and vice versa.
Resistance R =« length .

2. Area of cross-section of a conductor: The resistance of wire is inversely proportional to the
area of the cross-section of the wire. If we double the area of cross-section of the wire, the
resistance get reduced to half.

I
Area of cross —section

Resistance e,

R
A
Thus, the resistance of a thin wire is more than the resistance of thick wire.

3. Nature of material of wire : The resistance of the wire also depends on the nature of material
of wire, Some material have low resistance and are called good conductors like silver, copper,
tungsten. Some have, high resistance and are considered bad conductors like rubber, glass, dry
paper. _

4. Temperature of conductor: The resistance of the wire is directly proportional to the temperature.
The resistance of the pure metal increases with increase in temperature and decreases with the
decrease in temperature. But for alloy the resistance is almost unaffected by the change in
temperature,

RecT
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Neotes: The wire made of copper or aluminium is nsed for transmission of electricit v because they have
low resistivity ie., more current.

Resistivity or Specific Resistance
It is found that resistance of conductor is directly proportional to its length and inversely proportional
to its area of cross-section.

Rl _ (1)
R o« % : -..{ii)
From (i) and (i)
Re I or r=2!
A A

Where p is the constant of proportionality, known as the resistivity or specific resistance of a
conductor. Thus, resistivity of a conductor is defined as the resistance of the conductor of unit length
and unit area of cross-section. Thus, resistivity (p)

RA

pm .I_

If,A=land/=1,p=R

Note: In SI, unit of resistivity or specific resistance is ohm-metre (£2-m}. Silver has the highest
resistivity of 1.6 * 10* Q-m & hence the best conductor of electricity followed by copper with
1.62 = 10°* Q-m.

Example 3: Resistance of a metal of length 2 m is 260 at 20°C. If the radius of the wire is 0.5 mimn,
what will be the resistivity of the metal at that temperature 7

Solution: R=260,/=2m . '

R =05mm=5x10%m

BA Rme”

W

3.14x(5x107H?
p = 2 x;”m S o 102%10%Qm

Resistivity p=

Example d: A wire of given material having length / and area of cross-section A has resitance of & 2,
What would be the resistance of another wire of the same material having length //2 and
area of crogs-section 2 A,

Solution:  For the first wire, B~ L8 80

A
For the second wire, R, = e p_*’..
! 24 # A
0 - i{ L]= i
£ R?. 4 pA 4fR|}
o leﬂ
4
OrR, = 20

The resistance of the new wire is 2 {2,
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Uses of different materials

* The connecting wires in an electric circuit are made up of copper and Aluminium. Due to low
resistivity, electric current passes easily through them.

o Silver is the best conductor of electricity because its resistivity is the lowest among all metals,
But due to its high price, copper and aluminium are mostly used for making wires.

* Filament of an electric bulb is made of tungsten metal as tungsten wires does not burn or get
oxidised, even at high temperatures. The melting point of tungsten is about 3380°C.

* Heating elements in electric iron, immersion road, toaster, room heater, electric heater are
made of nichrome which is an alloy of nickel, iron, chromium and manganese. The melting
point of nichrome is 1500 °C.

* Insulators are used to protect ourselves from the severe shock of electric current.

Resistance of System of Resistors

Resistance of series

Two or more resistors (or conductors) are said to be connected in series if they are connected end-to-
end, one after the other such that the same current flows through each resistors when some potential
difference is applied across the combination.

v, v, v,
e AW AN AWAWA—g—e—
A R, Ra R 8
[ & w
il 2
B 2
Fig. 3.4

In the above figure, consider three resistors having resistances R, R, and R, comnected in series a
cell. Let I be the current flowing through each resistance and V be the potential difference across the
combination of the resistance between peints A and B on the circuit. V., Vz and V, be the potential
differences across AB, then .

V=V AV Y,
_ V =1IR +IR, +IR,
If R is the effective resistance of series combination R,R,and R,

Thus, IR, = IR, +IR +IR =I(R,+R,+R,)
R, = R, +R,+R, .
1
Or R = ZR,

8

Key Note: The disadvanta of series combination is that if one component is fused, then the other
component of circuit will not function.

www. olympiads, org 48



Example 5: Resistors R , R_i and R, have value 10 €, 20 £ and
30 Q respectively, connected in series. Calculate their
effective resistance. Also caleulate current flowing
when the combination is connected to a 6V battery. § R,
Solution:  Since R, R, and R, are connected end-to-end in
continuation, . Ry
Effective resistance R=R, + R, + R, = 10+ 20 + 30 = —Ww nle
60 Q2 R,
Current 1= Y _ 8V _ 0.1A S
R 600
Resistance in parallel

Two or more resistors are said to be connected in parallel if one end of each resistor is connected at
one common point (A) and the other end of each resistor is connected at other common point (B) such
that the potential difference across each resistor is equal to the applied potential difference across the
combination of resistors,

. | 1
i & | | =
Fig. 3.6

Total current through a parallel resistors combination is equal to the sum of currents through each
resistor of the combination

=TI+ L +L

¥ o v
ANV r—4 +_,,+___ e —
R R, R; R,
N S SR

R R, R, B,

Key Note: If one of the resistors is disconnected, rest of the resistors will not get affected.

Example 6:

Solution:

Example 7:
Solution :

Let three resistors of 1 £2, 2 O and 3 Q are connected in parallel. Find the net resistance

of the circuit.
1o % 1 S |
1

T i e
R R R, R,

s R= % =10.55 © which is less than 1 £2 which is less than 1 Q (least resistance).

How many 440 ) resistors arranged in parallel are required to carry 5 A in a 220 V line ?
Here, r =440 Q,1=5A, V=220V '

Let n resistors each of 440 0 are connected in parallel, Then effective resistanice R, can be
calculated as

L
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1 o 1+1+ .... Up to n times =
]{‘ T 4 R
ety R! = E: _l'_}
n n
Also Vo = IR,
by 220 = S)Cﬂ
n

Tlus, 10 resistors of 440 £ each connected in parallel are required.

Heating Effect of Electric Current
When an electric current is passed through a wire of high resistance, the heat is produced, The resistance
present in the wire resists the current to flow through it. Thus, some work must be done by the current
to keep itself flowing.

It W be the work done by the current I, flowing through the conductor for time t and Q be the total
charge flowing during this time against the potential difference V, then work can be estimated by the
equation;

W=0Q=V
: Q=IxtandV=IxR
Therefore W = Ixix[=xR
= W = PR

Assuming that all the electric energy consumed during this work done is converted info heat the
work done is equivalent to the heat produced (H), which can be measured in Joules.

"H = FtR Joules

Points to remember _
|. As per Joules law of heating, the heal produced is directly proportional to the square of current
fAowing through the conductor, resistance of the conductor, and the time for which of the current

Tlows through the conductor,
. Home appliances such as electrit iron, toaster, immersion rod, oven, etc. uses electrical energy
which gets converted into heat energy.
3. The heating effect of electric current is used in electric fuse for the safety purposes. Fuse,
earthing and MCB are the three main safety devices in the house hold circuit.

2

Domestic Circuit
The electric cireuit which we use in our houses is called the domestic circuit. In domestic circuits, we
normally use parallel connection so that each home appliance works independently and the fault at any
point does not interrupt the working of other points. We use separate switches for each points and hence
can operate independently.

Each appliance get same 220 V of power supply. The overall resistance of the household circuit is
reduced, due to which the current from the power supply is high.

Electrical power: When an electric current flows through the circuit, it uses some amount of the
electrical energy to do certain amount of the work. The rate of doing work by the electrical energy to
generate heat is called electrical power.

waww, olympiads.ong 51



Electrical work done
Time taken
W
T
The SIunit of power is joule per second or Watt, known by the name of the famous physicist James Watt.
We can also define electrical power (P) as the rate of consuming electrical energy.

Power

= P =

W
P = *:I:-,W=Q"ﬁQ-=lxt
Therefore, P = I—Xttﬁ =]V
= P=WV=l]
Potential difference V=1=R
Thus, P=1IxRx]
= P=RR
I Kilowatt = 1000 watt.

Example 8: How much work is done in flowing an electric current of 5 Ampere for 10 seconds across
a resistor of resistance 10 €2 having a potential difference of 220 volts? Also calculate
electrical power.

Solution : Here,1=5A, V=220V,R=10 €2t =10 seconds
Work done, W = QY =IxtxV

W = 5% 10 = 220 = 11000 Joules
Electrical power, P=PFR =25 x [0
P = 250 Watt.

Key Points
¥ An electric current is due to the ordered motion of free electrons through & conductor. Its
direction is taken to be opposite to that of the electron flow.
¥ The rate of flow of charge (Q) and time (1) is called the electric current T ie, 1= 2 {coulomb/
second) or Ampere ' J
v’ mA=10"Aand | pA=10%A

v Electric potential difference (V) between two points is the amount of work done (W) to move

a unit charge from one point to the other. Thus, V= E= —1-{?£=] volt
Q1 Coulomb

¥" A continuous conducting path between the terminals of a source of electricity (such as a better,
cell or an AC power supply) is called an electric cireunit. A cell or battery provides potential
difference which sets electrons in motion.

¥ Ohm’s Law states that V = RI i.e., potential difference across the ends of conductor is directly
proportional to the current flowing, R is the resistance.

¥ Resistance is the property of the conductor due to which it resists the flow of electrons and
controls the magnitude of current through it. R = g, SI unit is € (ohm).
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Multiple Choice Question

1. We have three resistors containing 3 ohms each. To get an equivalent resistance of 2 ohms, we
should connect them :
{a) In series
{b) In parallel
(c)} Two in parallel and third in series with combination
(d) Two in series and third in parallel in a combination
2. Identify the series connection in the given figures

R
I R
AN l
R e
@1 ®) i
| 5 R
alll= AN
I
—AANANA
(&) =
O,
3. If 50 coulombs of charge flows in 2s, what will be the current flow in the circuit ?
(a) 20 A (b) 50A :
(c) 45 A (d) 25 A
4. Find out the equivalent resistance of the circuit given below
120
A
120
A
120
F RD
4 !
A
4Q
(a) 6Q (b) 120
(c) 100 (d) 80
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10.

12,

Calculate the electrical energy consumed by an electric bulb of 200 watt in 15 hours
(a) 3 kwh (b) 5 kwh

(c) 6 kwh (d) 30 kwh

If two copper wires of length [ and 27, area A and 2A are taken, then

(a) The specific resistance of first is-greater than that of the second

(b) The specific resistance of the second wire is greater than that of the first

(c) The specific resistance of both the wires is same

(d) The specific resistance is not be predictable

A circuit has a fuse of 5 A. What is the maximum number of 100 W (220 V) bulbs, can be safely
used in this circuit ?

(a) 11 (b) 14

(c) 15 (d) 20

Find the amount of the energy given to 5 coulombs of charge passing through a 10 volt battery,
(a) 20] (b) 251

(c) 507 : (d) 1007

The flow of electric current can be compared to that of water flow because current flows from
(a) Higher potential difference to lower potential difference -

(b) Higher resistance to lower resistance

(¢) Higher potential energy to lower potential energy

{d) Any direction of the circuit

If equal resistances of 5 £2 each are connected in parallel with a battery, then

{a) The total resistance is also 5 Q .

(b) The current flowing in each resistor will be same

(¢) The potential difference across each resistance is the same

(d) Mone of the above

. Calculate the equivalent resistance of the circuit shown below

20
s b
20 % A gm
ams AR
20
fa) 16 by 202
fc) 60 (d) 802

What happens to the overall resistance of the electric circuit in paralle] connection due to which the
current supply from the power is low 7

(a) Increase (b) Decreases

(¢} No change (d) Can’t be determined
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I13. How much work is done in moving a charge of 5 C from a point in circuit at 220 volts to another
point at 240 volts ?
(a) 50 Joules ' (b) 100 Joules
(¢} 125 Joules (d) 250 Joules

14, If the potential difference across the ends of a conductor is doubled, what will be the effect on the
current flowing through it 7

{a) It gets doubled - (b) It gets halved
(c) It remains same (d) None of these
15. What is the total current flowing in this circuit ?
4Q
40
F Y W
il
(3) 2A () 05A
(c) 10A (d) 5A
16. What does this graph with straight line OA represents ?
& ! L h' .
%]

-

Potential Difference (V)

(a) V is directly proportional to 1 (b) V is inversely proportional to [
{c)} V is independent of 1 (d) V and I goes in opposite directions
17, Three resistors are connected as shm-m below in a closed circuit, What is the effective resistance

of the whole circuit
6L
40
L : 60

I.Ik

1
P
Ll
S
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19.

.20

21,

(a) 4Q | (b) 70

fc) 10£2 {d) 160
- Identify the best conductor of electricity among the following

(a) Pb (b) Mg

{c) Ag {d) Fe

The proper presentation of series combination of cells of obtain maximum potential is
e Siniob e e

1 (it} . {iiiy

(a) Fig(1) (b)- Fig (ii)

{c) Fig (iii) (d) None of these

The current flowing through a conductor and the potential difference across its two ends are as per
the reading of the ammeter and the voltmeter shown below. The resistance of the conductor would
be ;

I =380 mA V=T7T8Y
(a) 0.02 Q (b) 2.00Q
fe) 120 (d)y 200

The given circuit diagram shows the experimental arrangement of different circuit components for
determination of equivalent resistance of two resistors R, and R, connected in series

The components X, Y and Z shown in the circuit represent

+| %
Jo== ™
|1 Rt

R, R,
AN AMANA
: Z

H_®___

{a) Rheostat, Resistor, Ammeter {(b) Voltmeter, Ammeter, Rheostat
(c} Ammeter, Voltmeter, Rheostat (d) Rheostat, Ammeter, Resistor
A multimeter is used to measure

(a) Current only (b) Resistance only

(c) Voltage only ' (d} All of the above
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23. A number of cells when connected in series form
(a) A generator ' (b) A battery
(c) An inverter (d) A circuit

24. Which of the following circuit set-ups shows the dependence current on potential difference across
a resistor (as per Ohm’s Law) : '

. R
+ (7).
v

——AAA

:

(a) @ ® ®
= ) —1]— (-

+

St

:
-Q ®

:

©® @®
HE () il ¢

.l

L

25. The resistance of a straight conductor is independent of

(a) Temperature (b) Material

(c) Cross-sectional area {(d) Shape of cross-section
26. The resistivity of a wire depends on its

(a) Length (b) Cross-sectional area

{c) Dimensions : (d)} Material

27. Two wires A and B are made of silver. Both wires are 3 m long but wire A is 1 mm thick and wire
B is 4 mm thick. The resistivity is
{a) More for A
(k) More for B
+ {c) Same for A and B as both are made of same material
(d) Same for A and B as they have equal length

28. The V-1 graph of three resistors A, B and C are.as shown in the 1 4 &
figure given below. Which resistors has the maximum resistance?: B
(a) A ! A
(b) B
(c) C
-V

{d) All three have same resistances
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29.

31,

32

7

34,

35.

36.

Which of the following equations does not represent Ohm’s Law 7
(a) Current/potential difference = constant

(b) Potential difference/current = constant

(c) Potential difference = current * resistance

(d) Current = resistance * potential difference

- Ifa wire is stretched to make its length twice the present length, its resistance will become

{a) Two - times (b} Four - times

(c) Eight — times (d) Remains the same

The current flowing through the circuit shown in the circnit is 2 a5

A. The pd across the battery terminals is AAAM

{a) 2V

4 i

{c) 8V _

(d) 12V )

Two wires of same material and equal length have radii r andr, 2

respectively. The ratio between the two resistance R, and R, of r K

both the wires is —{1]— L
R _5 by B B

{a} R-’- _rlz { ] R;' "-I:
E.5 Ryl

(c) Sy Hgene

A 60 W bulb carries a current of 0.5A. The charge that passes through it in 2 hours is

fa) 3600 C (b) 3000 C

(c) 6000 C ' {(d) 1500 C

The resistance of an ideal ammeter and an ideal voltmeter is

(a) Infinity, infinity respectively (b) Zero, infinity respectively

(¢) Infinity, zero respectively (d) Zero, zero respectively

A wire of resistance 1 € is divided into two halves and both halves are connected in parallel. The
new resistance will be

{a) 182 (b) 0.50Q

(c) 0.25Q (d) 20

In an experiment to find equivalent resistance of a series combination of two resistors R andR, a
student uses the circuit shown below. The circuit will give

{a) Correct reading for current but incorrect reading for voltage

(b) Correct reading for volatmeter but incorrect reading in ammeter

(¢) Correct reading for both current and voltage

(d) Incorrect reading for both current and voltage
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37. Which one of the following shows the application of heating effect of electric current 7

Fig Computer

(e}

Fig Toaster Fig Bulb
38. The number of electrons constituting one coulomb of charge is
(a) 6.25 = 1018 ' (b) 6.1 x.10°"*
(c) 6.25 = 10" (d) 6.25 x 10"
39. Coils of electric toaster and electric iron are made of y
(a) Copper (b) Nichrome
(c) Silver {d) Tron

40, 100 J of heat is produced each second in a 4 Q resistance. The potential difference across the
resistor is

(a) SOV (b) 25V
() 100V | () 20V
Answer Key

L(d) 2.() 3 40 5@ 6.() 7T 8() 9@ 10.(0b)
11.(a) 12.(b) 13.(b) 14.(x) 15.(d) 16.(a) 17.(b) 18.(c) 19.(a) 20.(d)
21.(c) 22.(d) 23.(b) 24.(a) 25.(d) 26.(d) 27.(c) 28.(a) 29.(d) 30.(b)
31.(c) 32.(b) 33.(a) 34.(b) 35.(c) 36.(2) 37.(c) 38.(d) 39.(b) 40.(d)
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Hints and Solutions

1. (d)
The resistors in series give resistance = R, +R,
=3+3=6
Third resistor in parallel to the above resistor

1
Then L =—+ :
. Ry R+R,

:}Rzzzﬂ

1
3 6

E
R, 2

4. (b)
Three resistors of 12 Q each in parallel have
effective resistance R, as
P byt 31
R, 12 1212 12 4
This effective R_ is in series with two other
resistors of 2 Q and 4 €. Thus, overall
resistance of whole circuit is
R=R +R +R =4+2+4=100

5. (a)

p=f§‘7;}w=1:xt=zﬂnxis=3muwh
Or W=3 kwh
6. (c)
~RA  _RIA _RA_
P J 3 p‘ .2! ‘| J:.|
7. (a)

Power, P=VI=220 = 5= 1100 Watt
P=11 = 100 Watt

8. (¢}
W=QV=5x10=50]
11. (a)
It is a parallel combination with two resistors
each in series.
1 1 |

&
2+ 2

SR |
==
4 4

R, 2+2
>R =10

1
=]
i

13. (b)
W =QV=5x (240 — 220) = 100 ]
14. (a)
As per ohms law, Ve [
15.(d)
=11 r-20v=10v
R 4 4
1= Y. 10 g
R 2
17. (b)
R =4Q+R_of2 resistors of 6 Q each
L=l+—l-3R=3ﬂ
R, & 6 »
SR =40+30=70
19. (a)

For series combination of cells, the negative
terminal of first cell should be connected to the
positive terminal of the second cell, and so on.

20. (d)
[=380mA=380=x107A, V=76V
= E=Lvle 2002
I 3801074
24. (a)

The voltmeter should be connected parallel
to the resistor and the ammeter should be in
series with the resistor. :

28. (a)
R !

Slope of the graph= —=— ,fe, Rec
¥ R slope

Slope is the least for A, hence resistance is
maximum for graph A.

30. (b)
When length (/) of a wire doubled (2 /), its
cross-sectional area (A) is reduced to half
(AJ2) as the volume of the wire is constant.

Now resistance of the wire

24 [ E)
. " | ad R
R'="an~"\Pa
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31.(c)
V=IR
13 . L apg=3a
K, & 3 2 !
R, =2 () (as shown)
R=2+2=40
Current [=2 A
- VW=2x4=_8volis
32. (b)

R .j: JA=m? {c;‘nss—sfactiunal area of a wire)

33.(a)
Q=1t=10.5 = (2= 60 min x 60 sec) = 3600
seconds
Mote : wattage of the bulb does not affect the
flow of charge in this case

35. (e)

Resistance of each half = -’-;'5 2050 (Rocl)

Since these two halves are in parallel,

. R, =R
Resultant resistance = ELTEL =02538
| R T

36. (a)
V should be connected in series across R, x R,
to show correct reading in voltameter

38. (d)
The charge on one electron, e = 1.6 x 107 C,
Number of electrons constituting 1 coulomb is

given by n= %

1€ _ 1 10" =625x 10"

M= 16x10"C 16

39. (b)
The resistivity of an alloy (nichrome — Ni, Cr,
Mn, Fe) is generally higher than pure metal; it
is has high melting point; it does not oxidise
(i.e., burn) when it is red not even at 800°C.,

40.()

wow ;
V= o It and V = I R (work done is equal to

heat generated)
=>W=VI t=FRt

=T = rﬂ'— ﬁ—jh
VRt Yaxl

V=IR=5A%x4Q=20V
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Previous Year's Questions

Two identical light bulbs X and Y, which are rated at 60 W and A
240 W, are connected in series to a 240 V source as shown in
the given diagram. If point A in the circuit is now connected to :® %
point B by piece of copper wire with very low resistance, how
will the brightness of each bulb change?

[ W
2400V

(a) Both X and Y bulb will light brighter :@ !
(b) Both X and Y bulb will light less brightly
(c) X will light brighter and Y will not light
(d) Y will light brighter and X will not light brighter (NSO 2005)
The diagram summarises four stages for a way of producing electricity. "'.‘v'hlc:h of the following
options matches stage 47

STAGE 1 STAGE 2 STAGE 3 STAGE 4
Initial energy | . |Anotherform| First Makes the
i of enegry | machine B electricity
(a) Move turbine {b) Heat water
{c) Turn generator (d) Burn fuel (NSO 2005)

The picture on the side shows resistors R1, R2, R3 and R4 wired into a circuit with a battery. Which
of the pictures given below shows a circuit that is electrically equivalent to the circuit pictured
abowve?

R, Ry
— A —
Hy R,
L aapvi—I
(a) (b)
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(c)

Ry
—AAN—]
R,
AN —
If two copper wires of the length I and 2 |, area a and 2a are taken.
(a) Their specific resistance is the same
(b) The specific resistance of the second wire is greater than that of the first

(c) The resistance of the second wire is greater
{d) The resistance of the first wire is greater : ' (NSO 2006)

If equal resistances of 3 £ each are connected in parallel with a battery, then

(i} The potential difference across each resistance is the same

(11) The current flowing in each wire will be the same

(1i1) The potential difference across each resistor will be greater than that of the e.m.f. of the battery
(iv) The total resistance is 9

(v) The total resistance is less than the smallest resistance

{a) Both (i) and (v) {(b) (i), (ii) and (v)

(e} (i), (iii), (iv) and (v) {(d) All of these (NSO 2006)
V=1IR (Ohm’s law)

(a) A resistance of wire is proportional to the potential difference applied

(b) Resistance of a wire, for a given battery, is inversely proportional to the current

{c) Resistance 1s dependent on the current

(d) Resistance is independent of the voltage

(&) MNone of these

In the given circuit, the total resistance is

(NSO 2005)

(a) 24 O (b) 120
{c) 8Q (d) 60 (NSO 2006)
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10.

il.

12.

13.

The flow of electric current can be compared to that of a water flow

(a) Current flows from higher potential to lower potential

(b} Current flows from higher potential energy to lower potential energy

(c) It flows from higher resistance to lower resistance

(d) The total current in the circuit depends on the direction of resistance (NSO 2006)
X is an instrument that can detect the presence of the current in a circuit. The pointer remains at

zero (the centre of the scale) for zero current flowing through it. It can deflect either to the left or
to the right of the zero mark depending on the direction of current. What is X 7

{a) Galvanometer (b} Ammeter
(c)} Voltmeter {(d) Both (a) and (c) (NSO 2007)
Resistance of a wire to the flow of electric current depends on the
(a) Material of the wire (b} Area of cross-section
(c) Length of the wire (d) All of these (NSO 2007)
As shown in the figure given below, the current flowing in the 2 R resistor is
4RQ
A
AR
R[t n AR AR AR E
4RO
|
|1
E Volt

2E iE
(@ = O

£ d) = NSO 2008)
© 7= @ £ (N
100 J of heat produced each second in 4 Q resistor. The potential difference across the resistor is
(a) 20V {b) 30V
(c) 10V (d) 40V (NSO 2008)
The slope of current (1) versus voltage (V) is called

b
I
-+ X
- S—y

{2) Resistance (b} Resistivity
{c) Conductivity (d) Conductor (NSO 2008)
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14. Which switch in the circuit when closed will produce short-circuiting?

@Lamp
Lol
@ . 5
R
{a) A (b) B
(c) C {(d) Aand B (NSO 2008)

15. For ensuring dissipation of the same energy in all three resistance R, R,. And R, connected as
shown in figure, their values must be related as -

/7,
AN
262
"u:in - .
(a) R,=R, =R, (b) R,=R,and R, =4 R,
() R,=R,andR,= R, (d) R,=R,+R, (NSO 2009)

16. The current flowing through a resistor connected in an electrical circuit and the potential difference
developed across its ends are shown in the diagram. The value of resistance of the resistor in chms
is

I =380 mA - V=78V
(a) 25 : (b) 25
(c) 15 (d) 10

I'7. The relation between the potential difference (V) and current (I) across the conductor is represented
by

v

Fig. 1 Fig. 2 Fig. 3 Fig. 4
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(a) F%g 1 (b) Fig2
(¢) Fig3 (d) Fig 4 (NSO 2009)

Answer Key

L) 2.() 3.() 4@ 5@ 66 7.0 8@ 9@® 10
1.(b) 12.(a) 13.(00) 14.(d) 15.(c) 16.(d) 17. (b) -
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Hints and Solutions

- (d)

When a piece of wire is connected between
points A & B the two bulbs will become
parallel to each other in the circuit. The current
will get divided, thus the bulbs with highest
wattage will light more brightly. :

- A

=k
$ 8

-

S

. {e)

Stage | — Burn fuel (source of energy)

Stage 2 — Heatl water (heat energy)

Stage 3 — Rotate turbine (first machine)
Stage 4 — Turn generator (makes electricity)
. {a)

Circuit clearly shows that R, and R, are in
parallel and R, and R, are also in parallel, but
these bwo pairs are in series with each other.

- (2)
A= R—%
. {a)

In parallel resistance arrangement, P. d across
cach resistance always remains the same, only

ay H
s Ppp=R—=aR-—
P2 7 7

2 =
3 =

current get divided. Also, the total resistance is
less than the smallest resistance as
=R Ry

R, +R,

6. (e)
Ohm’s law gives a direct relationship between
potential difference and current only.

7. (€)

2€,4Qand 6 Q in series gives R, =12 Q
17 Q and 7 £ in series gives R, =24 0
Now, R, and R, are in parallel

RyxR, _12x24 _ ¢
R,+R, 12424

Total resistance =

12. (a)
W=FRt

= W {100
Loy Rz"\(ﬁf”‘
V=IR=5Ax4Q=20V
13. (b)
=p (resistivity)

16. (d)
Ammeter shows reading 180 mA=(.18 A
Voltameter shows reading=1.8V

=Y. 18 _ 100
1 018

17. (b)

Only Fig. 2 shows a straight line graph which
proves a direct relationship between potential
difference and current in circuit.
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4. Magnetic Effects of Electric Current

Learning Objectives

* Concept of Magnet

* Magnetic Field and Field Lines

* Magnetic Field Due to a Current Carrying Conductor
" Magnetic Field Due to a Circular Loop

" Magnetic Field Due to a Current-Carrying Solenoid

" Force on Current-Carrying Conductor in a Magnetic Field
* Fleming's Left Hand and Rule (Mtor Rule)

* Electric Motor

* Electromagnetic Induction

* Fleming's Right Hand Rule (Dynamo Rule)

Electric Generator

Domestic Circuit

Magnetic Effects of Electric Current
The concept of electromagnetism was introduced by Hans Christian Oersted in 1820 through an
experiment in which he proved that ‘when an electric current passes through a copper wire, there is
deflection in the needle of the magnetic compass placed near the wire.’

. What does this proves ? It proves that the electric current has produced a magnetic effect, which is
called electromagnetism or the magnetic effect of current,

Concept of Magnet

It was observed that certain ore could attract bits of iron and pointed in a particular | s M
direction when freely suspended. This ore was originally found in the district of

Magnesia in Western Turkey and was, therefore, named Magnetic. The property

ol attracting small pieces of iron was referred to as magnetism. The mineral Bat Magnet
exercising this influence was called a natural magnet. ' Fig. 4.1

The most commenly used magnets are bar magnets, horseshoe magnets, magnet needle compass,
A bar magnet is a rectangular bar of uniform cross section which attracts piece of
iron, steel, nickel and cobalt etc. It has two poles near its end, north pole and south
pole. Like poles repel each other and unlike poles attract each other, It is used in many
electronic devices like radio, TV, MRI etc.
A horseshoe magnet is curved shape magnet with two ends (opposite poles). A Fig. 4.2
magnetic compass is a rounded glass in which a magnetic needle is pivoted at centre. The
north pole of this needle is generally painted red. This compass is used to :
*  Test the polarity of a magnet
*+  Find the direction of magnetic field at a place
+  Determine the north-south direction
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Magnetic Field and Field Lines

The space around a magnet in which the force of attraction and repulsion due to the magnet can be
detected is called the magnetic field. The magnetic field has both magnitude and direction. When we
place the magnetic compass in the magnetic field of a magnetic bar, the north end of the needle of the
compass indicates the direction of magnetic field at that point.

e B>

Magnetic compass
"‘ M 5
v Magnetic bar

Fig. 4.3

The convenient method fo describe the magnetic field around a magnet is to draw magnetic field
lines around it. Magnetic field lines are the lines which are drawn around the magnetic field
starting from north pole and ending at the south pole.

Properties of field lines: .
1. It always emerge from north pole and converge at south pole.
2. Magnetic field lines are closed curves.

Fig. 4.4

3. The relative strength of the magnetic field is shown by the degree of closeness of the field lines.
More closer the field lines are, more stronger is the magnetic field and vice versa,

4. Field lines are denser near the pole and widely spaced near the centre

5. Magnetic lines do no intersect each other because if they do so, there would be two directions of
magnetic field at that point which is never possible.

6. In case the field lines are parallel and equidistant, then these represent a uniform magnetic field.
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‘Magnetic Field Due to a Current-Carrying Conductor
Christian Oersted had proved through his experiment that when a current
15 passed through a straight conductor like a copper wire, a magnetic field [ %
18 produced around it. It is in the form of the concentric circular field lines
with the conductor at the centre, a represented in the figure. XY is a thick

copper wire. Its ends X and Y connected to a battery in a closed circuit ]
are in which the current is passed. Concentric circles around point O on i' @ D

a card board shows magnetic field lines. The direction of these lines is

anticlockwise, o !

Application of magnetic effect of current '
In electrical home appliances like television, electric iron, heater, etc. when |I|_A,_ ¥
an electric current is passed, it produces magnetic field which gives rise to

the mechanical forces. This magnetic effect of the electric current is called
eleclromagnetism,

Direction of magnetic field due to straight conductor: Right-hand thumb rule

To find the direction of magnetic field due to a straight copper wire %

XY, imagine the wire in your right hand such that the thumb points I
Current

Fig. 4.5

in the direction of the current. The direction of curling of fingers of
the right hand gives the direction of magnetic field lines, as shown
in the figure. Right Thumb

When current flows upward, magnetic field lines will be in
anticlockwise direction. If we reverse the direction of the current the
direction of the magnetic field is clockwise.

Magnitude (B) of magnetic field
The magnitude of the magnetic field is also called magnetic
induction, and is denoted by B.

. Magnitude of the magnetic field (B) produced by a straight
wire at a given point is directly proportional to the current (1)
passing through the wire
Bal

2. Magnitude of magnetic field (B) is inversely proportional to
the distance of that point (1) from the wire.

¥
T Fig. 4.6

Bu'l

3. Thus, magnetic field will be stronger if more current is flown through the wire and its strength will
decrease as we move away from the wire. Intensity of magnetic field will be stronger near the wire.
DYK:
*  Unit of magnetic field (B) is expressed in Tesla (T), named in the honour of an American
engineer Nikola Tesla. It is bigger unit :
+  Small unit of B is called Gauss (G) where 1 T=10'G.

Magnetic Field Due to Circular Loop

A circular coil (or loop) is held vertical and is made to pass through a smooth hard board at two points
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Aand B in such a way that the centre of the coil (O) lies at the cardboard. A current is passed through
the coil such that it moves upward at A and downward at B. The pattern of the magnetic field is circular
to the current carrying loop. As we move away from the wire the concentric circles become bigger. It
gets straighten as we move towards the centre of the limp at point O,

Figld linas

/@) @\

=
P

1| (- y—e—
K
Fig. 4.7

+ Magnetic field lines near the coil are circular and concentric.
¢ Magnetic field at the centre of the coil is uniform and maximum
*  Magnetic field is directly proportional to the current (I) flowing through the coil and to the total
number of turns (N) in the coil, and is inversely proportional to the radius of the coil (1).
NI

Bo——0o
T

Magnetic Field Due to Current-Carrying Solenoid

An insulated copper wire wound on cylindrical cardboard tube such that its length is greater than its
diameter is called a solenoid. One end of the solenoid behaves like a magnetic north pole while the
other behaves as the south pole. The field lines inside the solenoid are in the form of parallel straight
lines. This indicates that the magnetic field is the same at all points inside the solenoid. The strength of
magnetic field depends on the

+  Number of turns of the solenoid
+  Strength of the current flowing through it
+  Nature of core material used in the making of solenoid

www.olympiads.org 71



Normally, soft iron rod is used as the care material of the solenoid as it produces the strongest
magnetic force. .

Electromagnet is the magnet which is produced when an electric current is passed through the
magnetic material. It consists of a long coil of insulated copper wire wound on a soft iron core which
strongly gets magnetised when the electric current as passed through it and easily gets demagnetised
once the current is switched off. For this reason, electromagnetic is called as the temporary magnet.

Force on Current Carrying Conductor in a Magnetic Field

Oersted discovered that a current-carrying conductor exerts a force on a compass needle. Andre
Ampere suggested that the reverse is also true i.e., a magnet also exerts an equal and opposite force on
a current carrying conductor.

This force acting on current-carrying conductor in a magnetic field is due to interaction between
magnetic field due to current carrying conductor and external magnetic field in which the conductor
is placed. The resultant of these two magnetic fields is not uniform. It is weaker on one side of the
conductor than its other side. The conductor, therefore, experiences a resultant force in the direction of
the weaker magnetic field.

FeellB

Where, _

F = Force acting on current-carrying conductor (Newton)

I'= Current flowing through the conductor (Ampere)

[ = Length of the conductor inside the magnetic field (Metre) 1

B = Magnetic field experienced by the conductor (Tesla). —— Magriatic Field

Fleming’s left-hand rule (motor rule)

Prof. J. A, Fleming gave a rule which relates the direction of

mation (Foree) of the conductor to the directions of the current wlv
and the magnetic field. This rule is known as Fleming’s left Current
hand rule (or motor rule). It states that :

If the first finger points in the direction of the magnetic
field, the central finger points in the direction of current, then
the thumb points in the direction of motion of conductor (i.e., Fleld
direction of force on the conductor).

The rule shows that Force, Field and current are mutually
perpendicular to each other. Crirat

Electric Motor e

The electric motor is a rotating device that converts electric energy into mechanical en9rgy. It is just the
reverse of an electric generator which converts mechanical energy to electrical energy. Electric motor
is used in electric fans, mixers, washing machines, computers etc.

Principle: When a coil carrying current is placed in a magnetic field, it experiences a force. As a
result of this force the coil begins to rotate. The coil rotates continuously as long as the current flows
through it..

An electric motor consists of an insulated copper wire made in the form of a rectangular coil ABCD
placed between the two plates of a magnetic field such the arm AB and CD are perpendicular to the
direction of magnetic field.

Force

Force
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Force acting on arm AB pushes the coil downwards while the force acting on arm CD pushes it
upwards. Thus the coil and Axle which are mounted free to turn about an axis, rotate anti-clockwise,

"EIJ;— P
r bt

Fig. 4.10

The speed of rotation of the motor can be increased by

+ Increasing the strength of the current through the armature
¢+ Increasing the number of turns in the coil of armature

*  Increasing the area of the coil and

¢+ Increasing the strength of the magnetic field

Electromagnetic Induction

Michael Faraday in 1831 proved that movement of coil near a magnet or the movement of coil into
a magnet produces current which is shown by the deflection in the galvanometer attached to the coil.

Coil
Magnaet

QU] B

T L e
——

P
\&/
Galvanomester
_ Fig. 4.11

Faraday in his experiment observed that

+  Galvanometer shows deflection (i e., on induced current Hows in the coil) only when there 15 a
relative motion between the coil and the magnet.

+  The direction of deflection (i.e., of the induced current in the coil) is reversed if the direction of -
relative motion between the coil and the magnet is reversed.

*  The deflection in the galvanometer (i.e., the induced current in the coil) increases if the magnet
and the coil are moved rapidly with respect to each other.

The production of electricity from magnetism is called electromagnetic induction. The
magnitude of the induced current depends on the rate of the change of magnetic flux in the coil
(the total number of magnetic field lines).

Mechanical Energy % Electrical Energy
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Fleming’s Right Hand Rule (Dynamo Rule) Motion of

Stretch the thumb, the fore finger and the central finger of the right i Counductar
hand so that they are mutually perpendicular to each other. If the W“g;xd
forefinger points in the direction of the magnetic field, and the &+ s
thumb points in the direction of motion of the conductor, then the g
central finger will always points in the direction of induced current.

Memory Trick: Thumb represents Motion \

Fore finger represents magnetic field : Fihad

Central finger represent the flow of current Current

Fig. 4.12

Key Notes: (i) Fleming's Right Hand Rule is used to find the
direction of the induced current, due to motion of conductor.

(ii) Fleming’s Left Hand Rule js used to find the direction of the force on the conductor i.e.,
the direction of the motion of the conductor.

Electric Generator (A.C.)

An electric generator converts mechanical energy (produced by motion of armature coil) into electric
energy. When a straight conductor is moved in magnetic field, the current is induced in the conductor.

A.C. generator produces Alternating Current which reverses its direction continuously after every

half cycle. Axla
Construction of generator: Armature coil ABCD Q-)

made of large number of turns of insulated copper wire. 5 4
Slip rings R, and R_: As the slip rings rotate with the - 4

coil, the two carbon pieces called carbon brushes B, and
B, keep contact with them.

Carbon brushes B, and B,: Current generated in the
coil passes through these brushes to the external circuit :
containing a resistance R and a galvanometer (G. Brushes > >
are stationary while rings rotate with coil.

Field magnet: Magnetic ficld is supplied by - Ry
permanent magnet in a small dynamo and by an !
electromagnet in case of a big dynamo called a generator. 2
The poles are shown as W and S. g
Key Notes: (1) In India, A.C produced is of frequency 50 R

Hz i.e., the coil is rotated at the rate of 50 B,
revolution per second. 1
(ii) DC generator is the generator producing 7
Direct Current in which the curent do not
changes its direction after every half cycle. G

Fig. 4.13
Difference AC and DC generator: The basic difference in :
construction of AC and DIC generatior is that in DC generator slip rings of AC generator are replaced
by two spilt (half) rings (Commutator) due to which the current always flows in one direction through
the coil which is a direct current.
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Domestic Circuit
In India. domestic supply of cleciric power m homes 15 made through » mam supply (also called s
i theough averhead cables filed on poles or through undereronnd cabies  The vable huas Hiree
insulated wires.
fa)  Live wire (positivel: [t had twsually red msilalion coves
(b} Newtral wire (negative): It las black insulanan cove
te)  Earth wire: W has green insulation cover and 15 called eanth 1 has connested 1o 8 merul plare
deep i the earth near the house. [tacts as a saferv device for those applianyer having meiallic
bodies li'e air vooler, refrigerator heater efe
Farth wire provides low resistunce conducting path for the cirent and prevent any leakage of
current to these appliances and keep i1s potential o that of the eanth and prevent anv kind ol severe
electric - hock,

Elactrimity E i i
fuiedar A fx1:lll1 i ! !I
—_— i Ardita !
[OBERE, | — ), T |
: ' B 1 Fuse r—f— % [ 220Vse) [3o Egéi
E sssamedionl EE_ 8] m M -I
e C H l
] !
& ¥ Electiicity Board Exer Glmuts
Lurial Earthing warlle hiain Switish Disteibistion Paraal
Board

Fig. 4.14

Fhe potential differcnce between live wire and neunal wire 15220V These twe wires are conmected
to our homes via-meter board through main  witch and main fuse From there it is connected 1o rhe
different switch through the wiring in our house which are connected in parallel.

Ivpes of circuits nsed:

* o 15A curvent cirenit used for applisnces that consumes more electneny, thus have hicher pow ar

ratings such as gevsers, ACs, ovens, ele.

* SAcurrent drcall used for bulbs. fans, T\ radio ete. that needs less sower CONSITRLen

Main electric fuse : Electric fuse is an nmportant salc,w component of all domestic circuits. A
lise i a circuit prevents damage to the appliances and the cirewt due 1o vverloadaig, Overloading
can oceur when the live wire and the newtral wire come ino direct contact due 1o dumage of insulalion
covering or there 1s a fault in the applignce; In such a stuation, the current in the cirenit suddenty
mereases, |his s called short-cireuiting. Eleciric fuse wire gets meliea oue 1o heating that takes place
m the Juse and it breaks the eleciric circuit Thus it prevents the appliance tromn a possible damage by
stopping the ffow of be hieh elevine curent
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Key Points
The space around a magnet in which a compass needle rests in a definite direction or any other
magnet sxoeriences a force is called the magnetic field
Magnetic field lines are closer where the magnetic field is strong and 4ither apart where the
magnetic field is weak. A uniform mapnetic field is represented by parallel equidistant field
lines.
The north pole of the compass points in the direction of the magnetic field at any point.
Oersted discovered that a current-carrying conductor produces a magnetic field.
Ampere demonstrated that such a conductor experience a force when placed in a magnetic
field.
The force acting on a current-canying conductor is perpendicular to both the direction of
magnetic field and the direction of current which are mutually perpendicular to each other. The
direction of this force is given by Fleming’s Left Hand Rule (or Motor Rule).
A moving charge experience a force in magnetic field except when it is moving parallel to the
magnetic field,
The motion of a current carrving conductor in a magnetic field is the underlying principle of an
electric motor where electric energy is converted into mechanical energy.
Michael Faraday discovered that if magnetic flux (total number of magnetic field lines)
in & circuit (coil} changed with time, a current called induced current was produced, This
phienomenon is called electromagnetic induction.
The potential difference corresponding to induced current is called induced electromotive
force (emf). The magnitude of this induced pd or emfis direcily proportional to the rate of the
change of magnetic flux.
The direction of induced current is given by Fleming’s Right Hand Rule (or Dynamo Rule).
Electromagnetic induction in reality, is the conversion of mechanical energy into electrical
energy with the help of magnetism. This concept is widely used to construct generators which
produce large electric power.
AnAC generator produces Alternating current which periodically changes its direction. a DC
generator produce Direct current which always flows in the same direction.
An AC generator can be changed into a DC generator by replacing the slip-ring arrangement
with spilt-ring (commutator) arrangement,
The household supply in India is AC at 220 V with a frequency of 50 Hz.
The cable supplying power (o the household has three wire (i) live or positive wire in red
colour. (i1} neutral i.e., negative wire in black colour, and (iit) earth wire which is in green
colour insulation.
The most important safety device is a fuse which is made of an alloy of lead and tin and has an
low melting point.
A fuse protect the electric appliances and circuits from short-circuiting (which occurs when
live and the neutral wires come in contact).
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v

Fuse also protect from overloading which occurs when an electric circuit draws more current
than the permitted limit value.

Magnetic Resonance Imaging (MRI) used in medical diagnosis, is based on the fact that there
is a very weak magnetic field present on our body due to small electric current travelling along
the nerve cells.

The metallic bodies of many electrical appliances like Air Cooler, Electric iron, etc. are
connected to earth as a safety measure to prevent any electric shock to the user.
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Multiple Choice Questions

Which of the following fact(s) is/are true about a natural magnet ?

(a) Itis a piece of iron ore magnet Fe,O, having attractive and directive property.
{b) When suspended freely, it points in the north-south direction.

(c) Itis also called ledestone,

(d) All of the above.

Which of the following correctly describes the magnetic field near a long straight wire ?
(a) The field consists of straight lines perpendicular to the wire

(b) The field consists of radial lines originating from the wire

(c) The field consists of concentric circles centred on the wire

(d) The field consists of the straight lines parallel to the wire

When a charged particle moves perpendicular to a magnetic field, then

{a) Speed of the particle is changed

(b) Speed of the particle remains the same

(c) Direction of the particle remains unchanged

(d) Acceleration of the particle remain unchanged

When a charged particle moving with the same velocity is subjected to magnetic field, the force
acting on it is non-zero. This implies that

(a) Angle between them can have any value other than 0° and 180°

(b) Angle between them can have any value other than 90°

(c) Angle between them is necessarily 90°

(d) Angle between them is either 0° or 90°

The direction of magnetic field pattern produced by a straight wire can be determined with which
one of the following rules ?

{a) Thumb rule (b) Fleming’s left hand rule
(c) Fleming’s right hand rule (d) Any of the these

At the time of short circuit, the current in the circuit

{(a) Reduces substantially (b) Does not change

(c) Increase heavily {d) Vary continuously
What type of material is used in the core of an electromagnet 7 X

(a) Softiron {b) Steel

(c) Alloy {d) Non-metal

A straight wire of mass 200 g and length 1.5 m carries a current of 2A. It is suspended in mid air
by a uniform horizontal magnetic field whose magnitude in Tesla is

(a) 2T (b) 0.65T

() 1.3T (d) 0.55T

Which of these factors affect(s) the strength of an electromagnet ?

(a) The number of turns in a coil (b) The current flowing in the coil
(¢) The length of gap between its poles {(d) All of these
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12.

16.

FE

s Tnlernaliona

Olympiad

. The magnetic field at a distance of 10 ¢ m from a long wire carrying current is 2 testa. The mggmstigion

field at a distance of 20 em is
(a) 0.5T (b I T
() L5T (dy 2T

. Acstraight wire of diameter 2.5 mm carrying a curent of 2 A is replaced by ancther thick wire of 5

mm diameter. The strength of the magnetic field far away is
{a) Twice the carlier value (b} One-hall of the earlier value
(c) One-guarter of the earlier value {d) Same as the earlier value

A long solenoid carrying a current produces a magnetic field B along its axis. I the current is
doubled and the number of turns per em is halved, then the new value of magnetic field is :

(a) B/2 (b) B

(c) 2B (dy4B

. Match the following

I. Magnetic field due to a current carrying straight conductor. A, B o nl

2. Magnetic field due 1o a solenoid B. B.B ot
3. Magnetic field due to circular coil carrying current. C.B = £
(a) 1-B, 2-A, 3-C {b) 1-C, 2- B, 3-A
(¢) 1-C,2-A.3-B (dy1-A,2-B,3-C

. Match the following

|. Foree acting on a charged particle (g) moving with velocity V ina

magnetic field. B in direction perpendicular to the direction of B. A =0

Force acting on a charged particle () moving in a magnetic field B ina

direction parallel to it. B.(F = TIB)

3. Force acting on a conductor when it is placed perpendicular to the
direction of B, C.F=qgvB

{ay 1-C, 2-A, 3-B

(b} 1 -C.,2-B, 3-A

(¢) 1-C,2-B,3-A

(d} 1-A, 2-B, 3-C

ba

. Permanent magnet is made of?

ia) Ferronite {alloy of Fe, Ni and Mg)

{b) Alnico (alloy ofAl, Ni and Co)

(¢t lron ore

(d ) Bauxite Ore

In case of a current-carrying Circular coil, the magnetic field is maximum
(a) Al its centre

(b} At the ends of the coil

{c) Any where inside the coil

() Outside the coil

Ta which wire amongst the following an electric fuse connected?
{a) Meutral (b) Earth (c) Live {d) None of these
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18. What material is used to make a fuse wire ?
(a) Alloy of Ni, Aland Co  (b) Allow of Fe, Cu amd Ni
(c) Alloy of Pb and Sn (d) Alloy of Pb and Fe

19. Which polarity is developed on the face of the solenoid when a north pole ol a magnet is
moving towards it 7
{a) North Pole

(b) South Pole

(c) Neutral

{(d) Can't be found
20. An AC of frequency 50Hz changes its polarity after every
(a) 1/25 second

(b) 1/50 second

(¢} 1/75 second

{d) 1/100 second

21. The rate of change of flux is greater in case when a magnet is moved towards a coil.
(a) Very quickly {b) Very Slowly
{c) Moderately (d) No change

22. An induces emfis produced when a magnet is plunged into a coild. The magnetic field of induced
emf does not depend on

{a) The number of turns in the coie coil

(b) The speed with which the magnet is moved

(¢} The strength of the magnet

(d) The resistivity of the material of the coil

23. A dynamo

(a) Creates electrical energy

(b) Creates mechanical energy

(¢} Converts mechanical energy into electrical energy
(d) Converts electrical energy into mechanical energy

24. An electric bulb rated 220V is connected to 220 V, 5Hz AC source. The bulb
{a) Does not glow (b) Glows Immediately
(c) Glows continously  (d) Gets Fused

25. The magnitude of an induced emfin a generator can be increased

(a) By increasing the speed of roration of the coil

(b) By increasing the area of the armature and number of the turns in the armature
(c) By increasing the strength of the magnetic field in which the coils rotates.

{d} All of the above

26. Which of these fact(s) id TRUE?

(a) AC is more dangerous than DC as il attracts a person

(b) AC cannot be used for electroplating, electrotyping and other such electrolytic processes
(c) The power wastage in AC transmission is negligible as compared to DC

(d) All of these
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27.

28,

29.

30.

a1,

32.

33.

34

The magnetic field inside a long sh‘aigh.t solenoid r:.arrying. current
(a) Is zero {b) Decreases as we move towards its end
{¢) Increasing as we move towards its end (d) Is uniform at all points

Commercial electric motors do not use

{a} An electromagnet to rotate the armature

(b) Effectively large number of turns of conducting wire in the current-carrying coil
{c) A permanent magnet to rotate the armature

(d) A soft iron core on which the coil is wound

What is the potential difference of current in Indian household circuit ?

(a) 220V (b) 240 V

{c) 330V (d) 440V

Which one of the following helps on changing the directions of current in AC generator ?
(a) Carbon brush (b) Spilt rings

(¢) Coil armature - (d) Slip rings

What is the current rating of power switch current in our household eircuit ?

{a) 5A (b) 10A

{c) ISA (d) 20A

The most important safety method used for protecting home appliances from short-circuiting or
overloading is
{a) Earthing (b} Use of fuse
- (¢) Use of stabilisers (d) Use of the electric meter
What are permanent magnets made of ?
(a)} Steel (b) Alnico
(¢) Nipermag {d} All of these
At the time of short-circuit, the current in the circuit
{a) Increases heavily (b} Reduces substantially
{¢) Does noi change (d} Varies continuously

A rectangular coil of copper wires is rotated in a magnetic field. The direction of the induced
current changes once in each

{a) Two revolutions (b} One revolution

{c) Half revolution {d) One-fourth of revolution

Answer Key

L@ 2.{) 30 4 5 6k 7@ &@® 9 10.(b)
1.(d) 12.(b) 13.(c) 14.(2) 15.(b) 16.(a) 17.(c) 18.(c) 19.{a) 20.(d)
21.(a) 22.(d) 23.(c) 24.(b) 25.(d) 26.(d) 27.(b) 28.(c) 29.(a) 30.(d)
31.(c) 32.(b) 33.(d) 34.(a) 35.(c) -
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3.

10.

11.

Hints and Solutions

(b)

Magnetic force acts perpendicular to the
motion of the charged particle and as such the
speed of the particle remains unchanged.

(a)

Mo force acts on a charged particle when it
is moving either parallel (0°) or antiparallel
(180°) to the magnetic field. In all other cases,
the charged particle experience a force.

(a)

Current I

Fiald lines

As per the Right-Hand thumb rule, the
direction of curling of fingers of the right hand
gives the direction of magnetic field lines.

(b)

It has been found that Force (F) acting on
a current-carrying conductor placed on a
magnetic field, in a direction perpendicular to
the direchon of the magnetic field, is directly
proportional to the cuwrrent, length of the
conductor and magnitude of the field (1
F=kI/R. In 51 units, constantk = 1

Also, Force acting on a suspended mass = mg

=mg=117bh

B= Mg _ (200107 kg) (9.8 m/s")
N I (2A)(1.5m)
(b) '

Magnetic field = 3
A

=0.65T

When r.doubles (10 ¢m to 20 cm), the magnetic
ficld becomes half (2T — 1T)

(d)

Magnetic field due to current-carrying wire is
independent of its diameter or cross-sectional
area of so long as the current remains the same.

16. (a)

12. (b)

Benl B

S [;_1] x21=nl=B
/@))? K@\

The two magnetic fields, each due to the
semicircular segment of the coil throngh A and
B, assist each other as we move towards the
centre of the coil.

" 18. (¢)

Fuse wire is made of an alloy of lead (75%)
and tin (25%) which melts at around 200 °C.

20. (d)

In India the frequency of AC is 50 Hz which

means that AC changes ils polarity after T:;ES

(i.e., 100 times per second) as it complete one
cycle i.e., from + ve to —ve and from —ve to +
1

V& — BEC,
50

22. (d)

Resistivity of the coil will determine the
resistance of the coil and the induced current

through it.

24. (b)

5 Hz means that the bulb glows only 5 times
in a second. For the bulb to appear as glowing
continuously, the frequency of AC should be
at least 16 Hz.

27. (b)

The magnetic field for a point inside a long
straight current-carrying solenoid is double
then for a point situated at one of its ends.

28. ()

A permanent magnet is weak.
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5. Sources of Energy

Learning Objectives

* Sources of Energy and its Properties
* Classification of Sources of Energy
* Fossil Fuels (Coal Petrolcum, LPG)
* Thermal Power Plant and Hydro Power Plant
* Biomass and Bioenergy

Biogas

* Wind Energy

Solar Energy

* Geothermal Energy

Nuclear Energy

* Management of Sources of Energy

What is Energy?

Energy is the ability or the capacity to do work and make all the movements. Just as we gain
body from the food that we eat, same way various sources of energy like coal, petroleum, solar
energy, hydel, biogas, etc. are used to generate which is the most common form of energy
widely used in households and industry.

Sources of Energy

Any matter which is capable of providing enough useful energy at a steady rate over a long
period of time can be called as a source energy.

A wax candle is a source of light energy and heat energy. When we burn the candle, the
chemical energy in the wax is converted into heat and light.

Characterstics of sources of energy: A good source of energy is one:
* Which is safe and convenient to use
* Which can do a large amount of work per unit volume or mass.
* Which is easy to transport and easy to store.
* Which is easily accessible
* Which is economical

Classification of Sources of Energy

The sources of energy are usually classified as:
1. Renewable sources of energy

2. Non - Renewable source of energy

3. Conventional source of energy

4. Non - Conventional source of energy
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1. Renewable sources of energy

Renewable sources of energy are those which are in-exhaustible, i.e. which can be replaced as we
use them and can be used to produce energy again and again. These are available in an unlimited
amount in nature and develop within a relatively short period of time,

Examples are :

* Solar energy - obtained from light

* Wind energy - from wind blowing

* Hydro energy - from water falling from a height

" Geothermal energy - obtained from the height of the earth.
" Bioenergy - obtained from biomass

* Tidal Energy - obtained from the ocean tide movements

* Nuclear energy - From Uranium and Thorium

Advantages of Renewable sources of energy :

* These sources will last as long as the earth receives light from the sun
* These sources are freely available in nature.

These are inexhaustible in nature

* These sources do not cause any pollution.

2. Non - Renewable sources of energy

Non- renewable sources of energy are those which are exhaustible and cannot be replenishe once
they have been used. These sources have also been accumulated in nature but over a very long
period of millions of years.

Examples are : Coal, oil and natural gas.

The non renewable sources of energy need to be conserves wisely for future generation as they are
non-replaceble.. This fact led us to look for some alternative sourcesenergy

3. Conventional sources of energy

Conventional sources of energy are those which are used extensively and meet a
major portion of our energy requirement, These are most common sources of energy
which are most prevalent in the society.

Disadvantages of non renewable sources of energy :

* Due to their extensive use, these sources are fast depleting.

" Itis difficult to discover and exploit new deposits of these sources
* These sources are a major cause of environmental pollution.

* Fossil Fuels - Coal, Oil, Pteroleum , Natural Gas

* Hydro energy - energy of water flowing in rivers

" Biomass energy - Firewood, animal during and biodegradable waste.
* Wind energy - From fast blowing winds

4. Non - Conventional Sources of Energy :

Non - Conventional sources of energy are those which are not used as extensively as the
conventional ones and meet our energy requirements only on a limited scale.
Examples are : Solar Energy, Ocean Energy, Geothermal Energy and Nuclear Energy.

Sources of Energy
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These sources of energy have been harnessed with the aid of advanced technology to meet our
growing energy needs. These sources are also called as alternative sources of energy.

Fossil fuels
Fossil fuels are the remains of pre-historic plants and animals which got buried deep inside the earth
millions of years ago due to some natural processes. Coal, petroleum and natural gas are fossil fuels.

Coal; It is the most abundant fossil fuel on the earth. It is a form of carbon and is mainly used as
combustion fuel n big factories, Coal provides 27% of the world’s energy.

When a coal is burnt, carbon present in it reacts with oxygen to produce carbon dioxide and a lot
of heat is generated i
C+0, — CO, + heat

Varieties of coal : Coal is available in four varieties depending on the content of carbon percentage
in it,

(i) Peat — 27% carbon
(1) Lignite — 28 % — 30 % carbon
(iti) Bituminous — 78% — 87% carbon
(iv) Anthracite — 94% — 98% carbon
Peat, lignite and bituminous burn faster and release a great deal of pollutants in the atmosphere on
account of their lower carbon content. Anthracite has the highest carbon content, so it burn slowly,
release very less smoke and delivers more energy and as such is the best quality of coal.

Coke: When coal is heated strongly in the absence of air (destructive distillation), it changes into
coke. Coke is a better fuel than coal as it produces almost no smoke on burning.

Petroleum: Petroleum is formed of two words — Petra (rock) and oeleum (oil) which combmedly
means rock oil. It is a complex mixture of many compounds of hydrogen and carbon which are called
hydrocarbons, small amounts of other compounds of carbon containing nitrogen, oxygen and sulphur
are also present in petroleum along with water, salt and earth particles, Thus it is also called crude oil.

Fractional distillation: Crude o1l is a thick black liquid and is not used as a fuel in its natural
form. It is refined by heating crude oil (petroleum) in a furmnace at a very high temperature of 400
°C. The process of fractional distillation is based on the fact that different components of crude oil
have different boiling point ranges. Fractional distillation is carried out in a distillation mwer The
components extracted from it are

+  Fuel oil (350° — 400 °C)

+  Diesel oil (250°—350°C)

+  Kerosene oil (170° — 250 °C)

+  (Gasoline (Petrol) (40° — 170 °C)

+  Petroleum gas (Below 40 °C) are all used as fuels

+ Residual oil (Above 400 °C) when heated yields lubricating oil, paraffin wax and Asphalt

which are not used as fuels

Liquified petroleum gas (LPG): On liquification, petroleum gas changes into liquid which is
called liquified petroleum gas (LPG). The main constituent of LPG is butane, though it contains smaller
amounts of ethane and propane also. It is a high calorific value fuel (50 kJ/g) which bums without
smoke and is pollutionless.

Natural gas: Natural gas is an important fossil fuel usually found underground near oil source,
Natural gas is lighter than air and is a mixture of methane (about 95%), ethane, propane and butane. It
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is highly inflammable and has no odour and cannot be seen. It is the ¢leanest burning fuel as it gives off
50% of the CO, released by coal and 25% less CO, than oil for the same amount of energy produced.
Thus, natural gas is an environment-friendly fuel.

Thermal Power Plant

A thermal power plant is a setup is which heat generates electricity by burning coal. Water is heated,
turns into steam which spins a steam turbine. The kinetic energy of rotation is converted into electrical
energy through electric generator. The steam produced is sent back to the plants are setup near coal
fields in order to make transm:smun of electric power more economical,

Turbines Kinatic Generator
2R2 Y | Frem [
TR SRR

Mﬂ”' L | nar

Burning Coal

Hydro Power Plant Fig. 5.1

Hydro power plants convert the potential energy of water at a height into electricity. Since there are
very few waterfulls which could be used as a source of potential energy, hydro power plants are linked
with dams. The water from high level in dam is carried through pipes, to the turbine at the bottom of the
dan. The requirements for a hydroelectric power plant are a strong, fast flow of water and a significant
height from where the water can fall. The potential energy of water changes into its kinetic energy
which is transferred to the turbine.

Moving turbine rotates the armature of generator to produce electricity.

Adva_nl:ages of Hydroelectricity
It is the cheapest and renewable source energy

*  Hydel projects have low maintenance cost and have a relatively long like

*  They have quick start up and stopping time and rapid response to change in power demand
+  The generation of hydel power is pollution free

+  For every horse power of hydel power generated, about four metric tonnes of coal is saved.

Biomass and Bioenergy
Biomass can be defined as living matter or its residues and renewable source of energy. The biomass
inchides — agricultural and forest residues like bagasse, bark, wood shavings, roots, animal droppings,
carbonaceous wastes like sewage, garbage. night soil ete; biodegradable organic affluents from
industries like sugar, slaughter houses, meat packing plants, distilleries, breweries, etc.

Bioenergy 1s the energy obtained from biomass in the form of biogas. It is renewable source of
energy on account of its production from vastly and continuously available organic wastes.
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Anaerobic Degradation : Biogas is produced [rom the biomass by the process of anaerobic
degradation. Anaerobic bacteria present in the biomass live without oxygen. These bacteria
decompose ( degrade) the biomass which contains carbon compounds through a complex series of
reactions into amixture of gases which is called BIOGAS. This process is called anaerobic
degradation.

While producing biogas, the manurial volume of biomass is not reduced, instead the left out mass is an
enriched manure as it has a higher contenl of nitrogen phosporous and potassium.

Constituents of bio-gas : Biogas is composed of 75% methane, 25% CO2 and traces of other gases
such as nitrogen and hydrogen, whereas methane is a highly inflammable fuel, COzis an inert gas.

.i_s_' P Fn"ri""li:J 'II'EI'IR

AL = [
Inlat e i A Dthet Ehamber

Fig. 5.2
Dome type biogas plant : A fixed dome type biogas plant is built with bricks.

Mixing tank : Slurry of cow-dung and water is mixed here and passed through inlel chamber toa
digester tank.

Digester Tank is a sealed chamber underground where no oxygen is present. Slurry passed
through an inlet output chamber gels accumulated in digester tank where the slurry is decomposed
in 50-60 days by anaerobic degradation to produce biogas which gets collected in the gas dome.
The gas dome as lank is provided with a gas outlet having a valve attached toit, The dome is buill
over the digester lank both form a single unit.

As the biogas keeps collecting in the dome, it exerts pressure on the slurry in the digester tank. This
pressure [orces the spent slurry ( which becomes manure after degradation) to flow in the
overflow tank through an outlet chamber,

The spent slurry is removed from overflow tank and is a good source of a manure of decompost.
Fresh cow dung ( GOBAR) slurry is called periodically to replace the spent slurry from time to
timne for continous gas supply.

Advantages of Biogas.

- Biogas is clean fuel that burns without smoke and leaves no ash.

- The chiel component of biogas i.e. methane has higher calorific value ( 55k]/g) then that of
Petrol ( for kJ/g)

- By using biogas firewood is saved and deforestalion is reduced.

- A bingas plant is easy and simple to build and is very economical.
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Wind Energy

The movement or flow of air along the surface of the earth is called wind. This wind moves from
the regions of higher pressured to those where the air pressure is lower. Solar energy is one of the
main factors responsible for the movement of air in the atmosphere i.e wind formation.

The kinetic energy possessed by air due to its velocity is called wind energy. This energy can be
harnessed by windmills in the post to do mechanical work like lifting of water from a well, Today
wind can be used to generate electricity with the help of a windmill.

Windmill

* A windmill is machine setup which converts the
kinetic energy of the wind into mechanical energy,
which is further used to rotate roter blades that helps RoterBlade : 4
generator to produce electricity. + g '
* In a windmill an electric fan is fitted on a generator . [ :

which is installed at the top of a high tower. The o it

number of rotor blades and their shape and height of ~ $
thw windmill depend on their average wind velocity and
other such factors. The rotation of the blade helps to rotate
the armature of an electric generation. Such a setup is
called a wind turbine generator.

* The electric output of a single windmill is quite small
and cannot be used for commercial purposes.

Therefore a large number of windmills are erected over a
large are, and this cluster is called a wind energy farm.
The minimum velocity for a windmill to function is
[5km/hr. Fig. 5.3
* India’s largest wind energy farm is near Kanyakumari, in Tamil Nadu
which can generate 380 MW of electric power.

Solar Energy

The energy from the sun in the form of radiation is called solar energy. This energy is in the form of
light waves. It is estimated that during a year India receives the energy equivalent to more than 5000
trillion kWh. The solar energy reaches the earth's surface in the form of infrared radiation and
visible light. The solar energy is the cause of the wind and storm, ocean waves, rain and snowfall,
Only 47% of this energy is absorbed by the surface of the earth, and 40% is lost by reflection due to
water, snow and clouds, and about 13% of this energy is absorbed in the atmosphere,

Solar Constant : It is the amount of solar radiation falling per second on 1 m2 area of perfectly
black surface at the mean distance of earth from the sun. The approximate value of the solar
constant is 1.4k] per second per square metro or 1.4kW/m2,

Solar Energy = solar constant x area x time

Solar Cell : Solar energy is useful only at certain times during the day only.This limitation o=is
overcome by using solar cells that convert solar energy to electricity. A typical cell develop a
voltage of 0.5 - 1V and can produce about 0.7W of electricity when exposed to the sun, A large
number of
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solar cells are combined in a plate called solar cell panel that

can deliver enough electricity for practical use. i u:u:n .
Silicon is most commonly used to manufacture solar cells. a: Ll Rt
Such cells are called silicon photovoltaic cells (SPV) with codooo
efficiency as high as 25%. 0 e b
In a solar cell panel, silver is used to connect solar cells
which made it a costly setup. The electricity produced by solar Solar Cell Panel
cell panels is stored by charging DC batteries which can be used -
to operate DC devices. Countries like Dominician Republic, y
Sri Lanka and Zimbabwe are leading user of solar cell panels. %
Tidal energy: The energy due to movement of water level
in the sea due to gravitational pull of the moon on water i8 Battery
called a tide, Water level near the coasts rises up and falls twice
a day with an interval of 12 h, 25 min. High tides occur on
every new moon day and full meon day. m
The energy derived from rising and falling ocean tides
is called tidal energy. The difference in sea-levels gives us Fig. 5.4

tidal energy. This energy is harnessed by constructing a dam across a narrow opening to the sea. A
turbine fixed at the opening of the dam converts tidal energy into electricity.

Wave energy: The unequal solar heating of the earth generates wind and this wind blowing over
sea water generates waves. The kinetic energy passed by huge waves near the sea shore can be trapped
to generate electricity. This trapped energy is called wave energy. This energy 1 effective in generating
electric power in very few sites because only these areas with an average energy density of 40 MW/km
of coastline are economically viable.

Ocean Thermal Energy (OTE): Scientist feel that if the large amount of solar energy stored in
the oceans and seas can be tapped, a large amount of electric energy will be available to the tropical
countries.

Solar energy stored in the oceans in the form of heat is called ocean thermal energy. It is the
temperature difference between the warm surface of the ocean and deep cold water layer which is used
to produce electric power by the process called ocean-thermal-energy conversion. The OTEC plants
can operate if the temperature difference between the water at the surface and water at depths up to 2
km is 20 °C or more. The warm surface-water is used to boil ammonia whose vapours are then used to
turn the generator turbines.

Geothermal Energy

Geothermal energy is the heat of the earth inside magma found within molten rocks and the fluids
held inside. Earth’s heat originates from the original formation of the plant, from radioactive decay of
minerals, from volcanic activity, and from solar energy absorbed at the surface.

The geothermal gradient, which is the difference in temperature between earth’s surface and its
core drives a continuous conduction of thermal energy in the form of heat. This heat mixed with water
and fluids form steam which moves the turbine to generate electricity. Though the heat stored inside the
earth is vast, geothermal energy can be exploited only in particular areas called the hot spots formed
when geological changes push the molten rocks, called as magma, upwards where it gets settled at
some depths below the surface to form hot springs, volcanoes, geysers and bubbling mud holes which
are hot spots on earth’s surface.
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Fig. 5.5

The steam coming out of hot spots is used to furn the turbine of an electric generator to produce
electricity. A 5 kW geothermal pilot power plant has been installed at Manikaram in Himachal Pradesh,

Nuclear Energy

The energy which we can obtain from the nucleus of an atom is called nuclear energy or atomic energy.
We can obtain this energy from two processes—Nuclear fission and Nuclear fusion. Nuclear energy is
measured in electron volt (eV) where 1eV =1.6 10 J. '

Nuclear fission: It is the splitting of an unstable nucleus of a heavy atom like Uranium, plutonium
or thorium into two smaller nuclei with the liberation of vast amount of energy. This process is carried
out by bombarding the heavy nuclei with suitable projectiles usually slow neutrons. The most prominent
products of process are Barium (Mass = 139) and Krypton (Mass = 94). Three neutrons are produced
along with huge amount of energy upto 220 MeV. i

Thermal
neutron

Fig. 5.6

Nuelear fission of U-235 can be shows as

3351}+1n—--ﬂ_m!i>|_3g£ia+941{;r+31n+ Q
o2 1 Fission a6 36 0 {22” MeV

One kilogram of U-235, on fission produces as much energy as 2500 tons of coal produces on burning.

Nuclear fusion: It is the phenomenon of combining (fusing) two or more lighter nuclei to form a
more stable heavy nucleus of degrees and high pressure in million of pascals are needed to bring about
fusion. )

The deuterons (}H) can joint to form a helium nucleus (iHe} and a neutron.
{H+ {H— He + 'n+3.27 MeV

Such nuclear reactions are the source of energy inside the sun and other stars,

www, elympiads.org 40



~ In both fission and fussion, disappearance of certain mass in the process which appears in the form
of energy. The sum of masses of the produets is somewhat less than the sum of masses of the reactant.
This difference in masses and after the nuclear reaction is called mass defect (Am). Einstein’s mass-
energy relation is given by

= (Am) C*
Am = mass defect in the form of nuclear energy
C = velocity of light in vacuum.

Management of Sources of Energy
Though the natural resources on earth are available in abundance, the careless and unwisely use of them
has compelled us to think about management of these sources of energy. The increasing population,
industrialisation and urbanisation put strain on these resources. We need to manage our resources in
such a way so that these resources will last for generations. Resources should be exploited in such a
way that it must not cause the harm to the environment. The policy of sustainable development should
be followed.

Environmental consequences of exploiting sources of energy

+  Burning of fossil fuels causes air-pollution

+  Using wood as fuel results in deforestation and ecological disbalance

+  Construction of dams destroys large ecosystems, creates problem of rehabilitation of living

. population
+  Windmills create noise-pollution and disturbs lives of mlgratur}r birds
+  Heavy structures used to exploit petroleum beds and wave energy affect marine mammal and
seabirds

We should conserve our forest by plantation, should adopt rain water harvesting, use more and
more non-conventional sources of energy like wind energy, OCT energy, biomass gas, etc. to protect
non-renewable sources of energy like fossil fuels from getting exhausted early.

Key Points

Energy is required to perform work.
The energy of different sources is used to generate electricity using turbine-generator setup.
A source of energy provides enough useful energy at a steady rate over a long period of time.

Sources of energy which are used extensively and meet a major portion of our energy demands
are called conventional sources of energy like coal, petroleum, kerosene, etc.

Non-conventional sources of energy are wind, tide, geothermal, nuclear, ocean wave, solar etc.

Coal are of four varieties — Peat, Lignite, Bituminous and Anthracite. Anthracite, with highest
carbon content (94% — 98%) is the best quality of like coal.

¥ Refining of petroleum by fractional distillation gives diﬂ‘erent useful fractions and is based on
the fact that different fractions have different boiling points.

v" A thermal power plant generates electricity by burning fossil fuels like coal.
v" Hydel energy is the kinetic energy of flowing water and its sources is the solar energy.

TR
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Biomass, which is the waste of living things and dead decayed part, contains carbon compounds '
and It is the oldest source of heat energy for domestic purposes. The energy obtained from
biomass in form of gas in biogas (bioenergy).

Biogas is a mixture of gases obtained from biomass by anaerobic degradation, in the absence
of oxygen. It contains 75% methane, 25% carbon dioxide and traces of nitrogen and hydrogen.
A windmill that converts wind energy into electrical energy requires a minimum wind velocity
of 15 km/h to produce electricity.

Solar energy is the energy from the sun in the form of light radiation and heat. The power of
sun is 4.5 = 10¥ kW,

The earth receives on the average 4 kWh/m? solar energy daily.

The approximate value of solar constant is 1.4 kW/m2.

A solar photovoltaic cell (SPC) directly converts solar energy into Direct current (DC). A
number of solar cells arranged using silver form a solar cell panel.

Ocean stores energy in many forms like tidal energy, wave energy and ocean thermal energy.
The sea waves have both kinetic and potential energy as these rise and fall.

Ocean thermal energy is the solar energy stored in the sea water on surface in the form of heat.
The world’s first OTEC plant with a capacity of 100 MW is to be set up in Tamil Nadu.
Geothermal energy is the thermal energy contained in the core of the carth and is a renewable
source of energy. Hot spots are those area where geothermal energy can be extracted. These
geothermal sites correspond to the regions of earthquakes and volcanic activity.

Uncontrolled nuclear chain reaction is the basis of an atom bomb, whereas 4 controlled nuclear
reaction is the basis of hydrogen bomb.

A hydrogen bomb is the most powerful weapon of destruction which works on the principle of
nuclear fusion. '
For a given mass, energy obtainable from nuciear fusion is much larger than the energy
obtamable from nuclear fission.

The products of fusion are not radioactive and hence not harmful. However, we cannot control
nuclear fusion reaction so as to use nuclear fusion energy for productive purposes.

Hazards of nuclear power generation are due to the harmful effects on the organisms caused by
the nuclear radiations emitted by the nuclear fuels and their wastes.
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10.

11.

Multiple Choice Questions

Most of the sources of energy we use represent stored solar energy. Which of the following is not

ultimately derived from the sun’s energy ?

(a) Geothermal energy (b} Wind energy
(¢) Nuclear energy (d) Bio energy
Which is the largest component of biogas?
{a) Methane (b) CO,
(c) Nitrogen (d) Hydrogen
A programme that has been started to replenish the forests by growing more trees and plants is
called
(a) Silviculture (b) Tissue culture
(¢} Forestation (d) Apiculture
On which day the solar water heater cannot be used to get hot water ?
{a) Sunny day {(b) Windy day
(c) Cloudy day (d) Mone of these
What type of mirror is used in solar cooker 7
(a) Concave mirror (b} Plane mirror
(¢) Convex mirror (d) Any one of choice
Which one of these is not renewable source of energy ?
(a) Solar energy (b} Geothermal energy
(c) Biomass energy: {d} Natuzal gas
Which one of these is not the conventional source of energy?
(a) Fossil fuel (b) Solar energy
{c) Biomass energy (d) Hydro energy
Which of the following is/are non-conventional source(s) of energy?
(a) Geothermal energy (b) Solar energy
(c) Ocean thermal energy (d) All of the above
Which country is called ‘the country of winds® ?
{a) Denmark (b) Newzealand
(c) Iceland (d) India
Which one of the following is used as a fuel at nuclear power plant ?
{(a) Graphite (b} Uranium
{c) Hydrogen {d) Radium
‘Which one of the following agent decomposes animal wastes into biogas ?
(a) Fungus (b) Aerobic bacteria
(c) Anaerobic bacteria (d) Virus
Which one is the cleanest of all these fuels ?
(a) Coke (b) Bogas

(c) Natural gas (d) Kerosene
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13.
14,

L3

16.

17.

18.

19,

20.

21.

22,

23

24,

Is wood a renewable source of energy ?

(a) Yes (b) No

(c) Cant’ be said (d) Sometime yes

Aviation fuels is a special grade

{a) Natural gas (b) Gasoline

{c) Petroleum {d) Kerosene oil
Decompesition of domestic wastes under natural process is known as

(a) Anaerobic fertilisation {b) Biodegradable process
(c) Mon-biodegradable process (d) Fractional distillation

A strong smelling which is added to LPG cylinders to help in the detection of gas leakage is
{a) Ethyl alcohol (b) Ethyl acetate

{c) Ethyl mercaptan (d) Ethyl dichromate

The gas which is commonly found an incomplete combustion of fossil fuels is

(a) Ammonia - {b) Carbon Monoxide

(c) Carbon dioxide (d) Nitrogen

The process that forms the basis of hydrogen bomb is

(a) Nuclear fusion (b) Nuclear fission

(c) Both (a) and (b) (d) Any of these (a)and (b)
The gas leakage out during Bhopal Gas Tragedy was

(a) Carbon Monoxide (b) Butyle Acetate

(c) Hudrogen peroxide (d) Methyl isocynide
Hydrogen gas has high calorific value but it is not used as domestic fuel because
{a) Itis highly combustible (b) Its production cost is high
{c) Its transporation is difficult {d) All of these

Which one of these substances is obtained as one of the fractions during the fractional distillation
of petroleum ? .

(a} Coal {b) Gasoline

(c} Acetyline {d) Natural gas

Name the product obtained by fractional distillation of petroleum which is used as a furnace fuel
in metallurgical operation ?

{a) Diesel oil (b) Gasoline

fc) Fuel oil (d) Petroleum gas
Scientists consider........ as the fuel of future

(a) CNG {b) Hydrogen

(c) Wave energy (d) Gasohol

Tough charcoal is a better fuel than wood and coal, it cannot be used to meet large scale requirements
as

(a) It causes pollution (b) Iis calorific value is less

(c) It cannot be stored easily (d) It is not economical to use
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25,

26.

27.

28.

29,

30.

31,

32.

33.

Fuels which are manufactured by chemical process using primary fuels are called

(a) Secondary fuels (b) Industrial fuels
{c) Clean fuels {(d) None of these
Which one of these is secondary fuel

{a)} Coke . (b) LPG

{c} Both (a)and (b) : (d) None of these

A solar photovoltaic cell is made of

(a) A semiconducting material

(b) A conducting material

(c} Analloy

{d) An insulating material

The main limitation of generating nuclear energy through nuclear fission is
(a) Splitting the nucleus '

(b} Converting nuclear energy into electric energy

(c) Sustaining chain reaction

(d) Disposal of nuclear wastes

Wind power of a windmill is

(a) Directly proportional to the square of the wind speed

{b) Directly proportional to the cube of the wind speed

(¢) Directly proportional to the wind speed of the wind speed

(d) Directly proportional to the radius of the blades of the windmill
‘Which of the following statement is correct 7

(a) Tidal energy is a non-reasonable source of energy

(b) Tidal energy becomes unavailable during dry spell for many years
{c) Tidal power plant requires large area of valuable land

(d) There are very few suitable sites available for construction of dams

Acid rain happens because

(2) Sun leads to heating of upper layer of atmosphere

(b) Electrical charges are produced due to friction amongst clouds

(c) Buming of fossil fuels release oxides of carbon, nitrogen and sulphur in the atmosphere
(d) Earth’s atmosphere contains acids

In a hydro power plant

(a) Potential energy possessed by stored water is converted into electricity

(b) Kinetic energy possessed by stored water is converted into electricity

{c) Electricity is extracted from chemical reactions in water

(d) Water is converted into steam to generate electricity

Which of the following is the ultimate source of energy ?
(a) Water (b) Fossil fuel
(¢) Sum (d) Air
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34.

255

6.

37.

Ocean thermal energy (OTE) is due to

(a) Energy stored by waves in the ocean

(b) Temperature difference at different levels in the ocean

(¢} Pressure difference at different levels in the ocean

(d) Tides arising out in the ocean

Which part of the solar cooker is responsible for greenhouse effect 7

{a) Glass sheet (b) Mirror

{c) Outer cover of the solar cooker (d) Coating with black colour inside the box
The electricity generated by a windmill depends on

(a) Height of the tower {b) Velocity of wind

(c)_Size of the blades (d) All of these

Choose the false statement

(a) Wave power output is of variable nature

{b) Wave energy is renewable and pollution free
(c) Wave power is inexpensive to explore

(d) Wave power output is of variable nature

Answer Key

L) 2.(a) 3.(a) 4() 5( 6( 7.(0) 8(d 9.(a) 10.(b)
11.(¢) 12.(c) 13.(a) 14.(d) 15.(b) 16.(c) 17.(b) 18.(a) 19.(d) 20.(d)
21.(b) 22.(c) 23.(b) 24.(d) 25.(a) 26.(c) 27.(a) 28.(d) 29.(b) 30.(a)
31.(c) 32.(a) 33.(c) 34.(b) 35.(a) 36.(b) 37 (c)
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Hints and Solutions

1. (c)
Only nuclear energy has no role for the sun as
it is based on nuclear reaction only.

2. (a)
Methane-75%; CO,-25%; Nitrogen and
Hydrogen in traces only.

6. (d)
All fossil fuels like coal, oil and natural gas are
non-renewable sources of energy.

7. (b)
Fossil fuel, hydro energy, bio energy and wind
energy are conventional sources of energy.
Solar energy, ocean energy (tide, wave and
ocean thermal), geothermal and nuclear energy
are non-conventional sources of energy.

8. (d)
Same as (). No. 10 above.

9. (a)
Denmark generates 25% of its electric power
requirement from wind energy.

10. (b)
Uranium is used as nuclear fuel is nuclear
fission reaction.

11. (c)
Anaerobic bacteria fermented the biode-
gradable material such as biomass, manure,
sewage, municipal waste, plant waste in the
absence of oxygen to produce biogas.

12. ()
Natural gas gives off 50% of the CO, released
by coal and 25% less CO, than oil for the same
amount of energy produced.
13. (a)
Yes, if we plant trees in a planned manner to
-ensure a continuous supply of wood.

21. (b)
Petroleum on fractional distillation vields
diesel, kerosene, petrol or gasoline, petroleum
gas, asphalt, lubricating oil, paraffin wax.

23. (b)
Suitable technologies are being developed
to overcome difficulties in the way of using
hydtogen as a fuel in near future.

26. (c)
Coke LPG are secondary fuels whereas wood
and petroleum are primary fuels.

27. (a)
Solar cell is made of silicon which is a good
semiconductor.

29. (b)
Wind power, P=nr* pv?, where, v is the speed
and pv is density of air.

36. (b)
The minimum wind velocity for a windmill to
function is 15 km/h

37.(c)
Wave power is expensive with the current
available harnessing techniques.
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6. Chemical Reactions and Equation

Learning Objectives
* Chemical Reactions with some examples
* Characteristics of chemical reactions
* Chemical equation
* Writing of a chemical equation
* Balancing of a chemical equation
Types of chemical reaction
* Combintion reaction
* Decomposition reaction
* Displacement reaction
* Double displacement reaction
* Precipitation reaction
* Neutralisation reaction
* Oxidation and reduction (Redox reaction
* Effects of oxidation in daily life
* Corrosion
* Rancidity

Chemical Reactions and Equations
Consider the following conditions:

*  Milk is left at room temperature during summer

+  Burning of coke in air

*  We respire

In these reactions some physical and chemical changes have taken place we can say, that a chemical
reaction has taken place.

Chemical Reactions
"Chemical reaction simply involves rearrangement of atoms’. In chemical reaction the atoms of an
element themselves do not undergo any change to form atoms of a new element.
Such processes in which no new chemical substances are formed are called physical changes.
Examples :
(i) Melting of ice
(i) Evaporation of water
(iif) Dissolution of sugar in water
The above processes do not lead to the formation of any new chemical substance. For example: ice,

liquid water and water vapour are chemically all same, i.e., water (H,0). Solution of sugar in water still
contains the same chemical substance i e., sugar and water.
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Such processes in which the original substance lose their nature and form a new substance with
different properties are called chemical changes,
Examples :
(i) Rusting of iron articles such as tawa, pan or nails etc. especially in the rainy reasons,
(i) Souring of milk in summer, and
(iii) Burning of coke in air.

In the above processes rust is chemically a different compound than the original substance iron. We
cannot drink milk which has turned sour because the properties of milk have changed to form a new
substance,

Examples of Some Chemical Reactions

1. Buming of magnesium ribbon in air.

2. Reaction between lead nitrate and potassium iodide.

3. Reaction between zinc and dilute sulphuric acid. (or hydrochloric acid).

Characteristics of chemical reactions
Some important characteristics of chemical reactions are:

Formation of a precipitate: Some chemical reactions are accompanied by the formation of a
precipitate. For example: In the reaction between lead nitrate and potassium iodide solutions, a yellow
precipitate of lead iodide appears.

Evolution of a gas: Some chemical reactions are accompanied by the evolution of a gas, For example:
When calcium carbonate is heated or calcium carbonate reacts with dilute hydrochloric acid, carbon
dioxide gas is evolved.

Change in colour: Some chemical reactions are accompanied by change in colour, For example: Rust
is brown in colour whereas iron is greyish black in colour.

Change in state: Some chemical reactions are accompanied by change in state.
For example:
Hydrogen + Oxygen — water
M, +0,. —> 2HO,

Change in temperature: Some chemical reactions are accompanied by change in temperature, ie.,
rise or fall of temperature.

For example:

Ca0 + H,0 — Ca (OH), + Heat
Exothermic reactions

Reactions which are accompanied by rise in temperature or those reactions in which heat is evolved.
Such reactions are called exothermic reactions,

For example: When zinc pieces react with sulphuric acid in a beaker or a flask, it is found to be warm.

Endothermic reaction: Reactions which are accompanied by fall in temperature or those reactions in
which heat is absorbed. Such reactions are called endothermic reactions,
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For example: When barium hydroxide, Ba(OH), and ammonium chloride, NH Cl are taken in a test
tube and mixed with a glass rod, then on touching the bottom of the test tube, it is found to be very cool.

Ba (OH), + 2NH,Cl — BaCl, + 2NH,0H

Chemical Equations

The short-hand method of representing a cherical reaction in terms of symbols and formulae of the
different reactions and produets is called a chemical equation.

For example: Zinc reacts with dilute sulphuric acid to form zinc sulphate and give out hydrogen gas

Zinc + S‘ﬂ{'phu:ic acid — Zinc + Sulphate + Hydrogen
Reactants Products
The above reactions can be written in the form of chemical equation as follows:
Zn+H,S0, —*ZnSO, + H,

Note: The chemical substances taken ariginally are called reactants and the new chemical substances
formed afier reaction are called products.

Writing a Chemical Equation
Writing 2 chemical equation involves the following steps:
(i) The symbols and formulae of the reactants are written on left hand side {LHS} with plus (+)
sign between them.
(i) The symbols and formulae of the products are written on right hand side (RHS) with (+) sign
between them.,

(iil) An arrow (— ) sign is put between the reactants and the products, pointing from reactant
towards products,

Balanced chemical equation
According to the law of conservation of mass, the total mass of products must be equal to the total mass
of reactants. This is possible only if the number of atoms of each element is equal on the two sides of
the equation,
*Such an equation in which the number of atoms of each element on the two sides of the
equation is equal is called a balanced chemical equation.’
Steps involved in the balancing of a chemical equation: Write word equation for the reaction with
reactants on LHS and products on RHS separated by an arrow head.
e.g., Aluminium + Hydrochloric acid — Aluminium Chloride + Hydrogen
Convert the word equation into symbols / formula of the compounds.
e.g, Al + HCl —AICL + H,
Equate the number of each type of atoms on both side of the reaction one by one.
e.g,2Al+6 HCl —2 AICI, +3 H,
Finally count the number of atoms of each element on reactant and product sides and if they are
equal then the equation is balanced. '
Important Caution:
(i) To make the number of atoms of any element equal on both sides of the equation, we cannot
change the subscripts of the formula. We can only place a suitable whole number coefficient
before the formula. For e.g., to have four O-atoms, we write 4 H,0 and not H,0, or (H,0),.

I

www.olympiads.org 100



(ii) "The coefficient placed before the formula multiplies every atom of that formula by that number.
For example, 2NH, means 2N atoms and 6 H atoms. Similarly, 3H,0 means 6 H atoms and 3
O atoms.

Types of Chemical Reaction _
Depending upon the nature of reaction, the chemical reactions have been broadly.

Classified into the following types:

1. Combination reaction

Decomposition reaction
Displacement reaction

Daouble displacement reaction
Precipitation reaction

. Neutralisation reaction

7. Reduction-oxidation (Redox) reaction

s WM

Combination reaction
‘A reaction in which a single product is formed from two or more reactions is known as a combination
reaction.’ -
For example: Calcium oxide reacts vigorously with water to produce slaked lime (calcium
hydroxide) releasing a large amount of heat.
Ca0 (s) + IIID{I}'__" Ca (OH), .,
(Quick lime) (water) (Slaked lime)

[4—— Beaker

b—— \iater

Calcium oxide

Formation of slaked lime by the reaction of calcium oxide with water :
There are three types of combination reaction:
{a) Combination reaction between two clements:

Examples:1. Cw *0u — COy,
Carbos Cniygen Carbasilisxeide
2. ZH, +0p, —2HO()
Hydrogan  Ooypes Waser
3. 2Mg, +0,, —2MgO(s)
Blagnesium Oxygen Marpaesiem e

(b) Combination reaction between two compounds:
Examples:1. NH,, + HCl, —— NH,CIs)

Ammonia Hydrogen Chicdide Ammnonium Chioride

2, Ca0, + CO,,, — CaCo, ,
Calejum Oide. Carbemdioxide Caleiem Carhosate

3, 2NH,,,, + HSO,,, — (NH)SO, .,
Amamonia Sulphuric Achd Ao Sulplate
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(c) Combination reaction between an element and a compound:
Examples:1. 2Ca0, + 0,, — 200

gl

Carbon bsntaxids Daygen Carbistionids
2. 280,, + O, —> 250,

Sl plurdiecide Ooiygen A Sulphur mieslde
3, GOy, + G — 2C0

Carboradiogids Castan Carbon mencaids

Decomposition reaction
A reaction in which a single compound breaks down to give two or more simpler substances is called
decomposition reaction.

For example: Ferrous sulphate crystal on heating loses water and decomposes to form ferric oxide,
sulphur dioxide and sulphur trioxide.

heat
Fel0, ——dﬂ" FEEDM,J H Sﬁusr"'solluj
1 Fermoes malphate] [Femicaxie]

Note: Common name of ferrous sulphate is Green Vitriol.

Decomposition reaction takes place only when the energy in the form of heat, electricity on light is
supplied. Thus, there are three types of decomposition reactions possible. These are :
(a) Thermal decomposition reactions: Decomposition reactions which take place by absorption of
heat. '
Example:
Thermal decomposition of lead nitrate: Take powdered lead nitrate in a dry test tube. Hold it in
the test tube holder. Heat it over the flame. Brown fumes of nitrogen dioxide are found to evolve and a

yellow residue of lead oxide is left behind, in the test tube. This is due to the following decomposition
reaction:

IPB(ND,), ,, A 2PbO,+ 4NO, . +0,(g)

i ¥ Tougpen

oy e
Reddish brown
vapour of nitrogen

S dioxide
Dy levet lube
Test tube,
hoider

Lead nitrate crysials

Experiment to illustrate decomposition reaction
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(b) Elect;nlytic. decomposition reactiens : Decomposition reactions which take place when
electric current is passed through the compound in the molten state or in aqueous solution.
Example: Electrolytic decomposition of molten sodium chloride: On passing electric current
through molten sodium chloride, it decomposes to give sodium metal and chlorine gas,
2NaCl,, _Eleemic . 2Na 4L T

Sodium Chlorsde  CuarTERL Sodm meeal  Chbarine
{molen )

(¢) Photo decomposition reactions: (Photolysis): Decomposition reactions which take place on
absorption of light.

Examples: Decomposition of silver chloride or silver bromide: In the presence of sunlight white
silver chloride or yellow silver bromide turns grey. This is because. in the presence of sunlight, these
salts decompose to form silver metal as follows :

2 AgCl—umlight 50 1,
Silver chlorde Sihver
| wikitg )

{Ciezy} ;
2AgBr  Sunlight
Silwrhgmmide C l;ig ¥ BF:
{ weiow |

Black and white photography is based upon these reactions as the photographic film is coated with
these salts:

Wihite crystal
of Siver Chioride

Vilsich Glass

Displacement reaction
“A reaction in which a more active element displaces a less active element from its compound is called

displacement reaction.’

For Exam ple:
(i) If we put iron nail in blue coloured copper sulphate solution, the colour will change to green.
It is because of the iron being more reactive than copper and hence displaces it from its salt
solution.

Fe(s)+Cu80,(ag)—— Fe 80, (2q)+Cu(s)
Bhig Gretn
(i) Ifacopper wire is dipped in silver nitrate solution, copper, being more reactive, displaces silver

from silver nitrate solution. This silver is deposited on the copper wire giving it a white shining
surface. This solution acquires blue colour due to the formation of copper nitrate.

Cu(s)+2Ag NO, (ag) —— Cu(NO,), (aq) +2 Az (s)
Copper is'l_mlm c.:r u'm;mle Sidvey

Note: If silver plate is dipped in copper nitrate, no reaction will take place because silver is less
reactive than copper.
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(1) On strongly heating ferric oxide with aluminium powder, the more active Al displaces the
less active Fe from Fe,0,. The temperature is so high that iron is obtained in the molten state.
This reaction is used for welding, broken parts of iron machmmery or girders and is called
aluminothermy or termite welding.

A
Fe,0y, +2Al, —— ALO, (s) +2Fe,
Fermicmide Alusminiun Alaminsem oxids : 1“':|m :
maolien

Reactivity series or activity series
The arrangement of metals in a vertical coloumn in order of their decreasing reactivity from top to
bottom is called reactivity series or activity series

u Element Symbol
Ee Potassium K +— Most reactive
3 gﬂ Barium Ba
@ i Caleium Ca E
= Sodium Na 2
= E Magnesium Mg g
g - Aluminium Al e
Zinc Zn B
Iron Fe %
> Nickel Ni 8
= Tin Sn ey
g Lead Pb =
e = o
S ' 8
E 5 [ Hydrogen Hj i
§a _
= Copper Cu
g Mercury Hg
Silver Ag
Platinum Pt
Gold Al -<«———— Least reactive

Double Displacement Reaction
‘Reaction in which two ionic compounds in the solution react by exchange of their ions to form new
compounds is called double displacement reaction.

For Example :

(i) 'When a solution of barium chloride is powered into the solution of sodium sulphate, a white
precipitate is formed. It is due to chloride ions of BaCl, have been replaced by sulphate ions of
Na,SO, whereas sulphate ions of Na,80, have been replaced by chloride ions of BaClL.

BaCl,,, + Na,SO,,, — BaSO,, + ZNaCl,,
Bariurs Chlorde  Sedies Sulphats B Silphote
{whine pp.)
(i) CuSO,. + 2NHOH,, — Cu(OH),+ + (NH,);S0,
“Capper Suiphute Ammmoniim Eydeoalde Emi‘:’m‘:‘t_r
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(iii) AICL,, + 3NHOH,, — mﬂ?}ﬁ; 3m1
Algmin Asmusoiin Hydroids [ whitzgpl.) Chlaride

(iv) ©CuSO,,, + . HS, — CuSl + HSO,,
Cirpper Sulghale Hiydropen Seiphide E?Bp;tmpﬁ;de Sulphuis acid

(v) Pb(NO,), +2KI —> Pbly,,, + 2EKNO{aq)
Leaif Witrae bt
Precipitation Reaction >
Precipitation reaction is double displacement reaction in which one of the cmnpounds is insoluble. This

insoluble compound is called precipitate and it settles at the bottom.

For Example:
AgNO,(ag)+ MaCl ,, —— AgCl, 1 + NaNO, (aq)

Silver M Sedivm Chiaride Silver Chnride Sudlun Hitrate
[ Whice pt.)

MNeutralisation Reaction
A reaction in which an acid reacts with a base to form salt and water is called neutralisation reaction.
For Example: Acid + Base — Salt + Water

{i} MaOH 4+  HC1 —s MaCl +HO
Sgad v hpdiade Hydyncharde sid Sodivm Chlonds Water
{ Bt 1 Aeidd) it
{ii} MHOH + HCl —— NHC +H0
Asameanium by esoide ‘-‘-'r;;.d: ‘ Amumanieem Chlocide Wiser
[Base) {fak}

(i) (COOH), + 2NaOH —— (COONa), +2H,0

Cinalic peid Sodium hyddroaide Fdivm oxalane Wner

(V) il * it v B+ 20

Oxidation — Reduction (Redox} Reaction
A reaction in which simultaneous oxidation and reduction reactions take places.
Oxidation is defined as s process which involves (i) gain of oxygen or (ii) loss of hydrogen
Reduction is defined as a process which involves (1) gain of hydrogen or (ii) loss of oxygen
For FExample: :
(i) Oxidation of copper to copper oxide and reduction of copper oxide to copper
On heating reddish brown copper powder changes into a black substance. It is because ox}'gen is

added to copper and copper oxide is formed.
2Cu(s) + 0, [g}n- ----- ¢ 2 CuO(s)

GF thwrrrﬂ'luxldv
‘ME‘P;IU“] rﬁum .N.rj

If hydrogen gas is passed over this heated material (Cu0O), the black coating on the surface tuns
brown as the reverse reaction takes place and copper is obtained

2Cu0(5) + Hypy — 2y Cu(s) + H,0,,
ﬁm{.ﬁ-kw* cmgpm-nr s

" During this reaction the copper (II) oxide is losing oxygen and is being reduced. The hydrogen is
gaining oxygen and is being oxidised. In other words, one reactant gets oxidised while the other gets

reduced during a reaction.
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Orcidntion
Ca0+H, ﬂh Cu+H,0

I Reduction

(i) ZnO+C —> Zn+CO
(iii) MnO,+4HCl — MnCl,+2 H,0 +CL

Note: Oxidising agent is a substance which (i) gives oxygen or (i) gains hydrogen
Reducing agent is a substance which (i) gives hydrogen or (i1) gains oxygen

00, +C,—— Zn, +C0O

[DeidEning apest (e ducing sgem |

111

Effects of Oxidation Reactions in Everyday life .
There are a number of oxidation reactions taking place around us which affect our daily life. Common
oxidation reactions are : .

L. Corrosion: “The process of slowly eating up of the metals due to attack of atmospheric gases
such as oxygen, carbon dioxide, hydrogen sulphide, water vapour etc. On the surface of the
metals 50 as to convert the metal into oxide, carbonate, sulphide etc. is known as corrosion.’
For Example: Most common example of corrosion is rusting, i.e., corrosion of iron. When an

 iron article remains exposed to moist air for a long time. Its surface is covered with a brown,
flaky (non-sticky) substance called rust. Rust is mainly hydrated Ferric oxide (Fe,0,xH 0)
- 2Feq, + 3120, + xH,O() —Fe,0,xH,0,,
Iren Oxpgen i Iipdratml Fesrie onlete
T o
Copper objects lose their lusture or shine after some time. The surface of these objects acquires
a green coating of basic copper carbonate, CuCO,.Cu(OH), when exposed to air.
2Cu(s)+ €O, +0,, . +H,O wy —* CuCO, Cu {OH),

Coppay Blawic copper careorses
ey

Figem aie

Surface of silver metal gets tarnished on exposure {0 air, due to the formation of a coating of
black silver sulphide (Ag.S) on its surface.
2 Aﬂt-r # H:S'm = AEESm b H1r=|
Silver H‘;-GI?::.IE.h:rh‘d: ﬂuﬁfﬂs;‘pﬁd:
Methods to prevent rusting: Some common methods generally used are given below -
(i) By painting the iron articles such as window grills, iren gates, steel furniture, railway coaches,
buses etc.
(i) By galvanisation i.e., coating the swrface of iron objects with a thin layer of zing.
(iif) By greasing and oiling the iron articles such as mechanical tools, machine parts etc.
Sometimes, corrosion of metals is an advantage because it prevesits the metal underneath from
further damage. For example, aluminium objects lose their lustre and become dull due to the formation
of layer of aluminium oxide (ALO,). This layer does not allow moist air to come in contact with the
metal and hence protects the metal underneath’ from further damage. Thus, a common metal which is
highly resistant to corrosion is aluminium,
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2.

Rancidity: The oxidation of oils or fats in a food resulting inio a bad smell and bad taste is
called rancidity.’

Methods to prevent rancidity: The different methods used to prevent or slow down rancidity:

1.

2.
3.
4

5N

S SR

%

By adding anti-oxidants
Vacuum packing

Replacing air by nitrogen
Refrigeration of the food-stuff

Key Points

A chemical reaction simply involves rearrangement of atoms.

A chemical equation is balanced so that the number of atoms of each type involved in a
chemical reaction aré the same on the reactant and product sides of the equation. Equations
must be balanced.

In a combination reaction two or more substances combine to form a new single substance.

The chemical substances taken originally are called reactants and the new chemical substances
formed are called products.

Decomposition reactions are opposite to combination reactions.
Reactions in which heat is given out along with the produets are called exothermic reactions.
Reactions in which energy is absorbed are known as endothermic reactions.

Those reactions in which a more- active element displaces a less active element from its
compound are called displacement reactions.

Two different atoms or gmuigs of atoms (ions) are exchanged in double displacement reactions.
Precipitation reactions produce insoluble salts.

(i) Oxidation is a process which involves gain of oxygen or loss of hydrogen.

(i1) Reduction is a process which involves gain of hydrogen or loss of oxygen.

Symbols used: _

(s) : It represents the solid state

(1) : It represents the liquid state

(e} : It represents the gaseous state

(ag) : Aqueous state i.e., solution in water

{ppt) : precipitate
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Multiple Choice Questions

Which of the following is not a physical change ?

(2) Boiling of water to give water vapour

{b) Melting of ice to give water

(c) Dissolution of salt in water

(d) Combustion of liquefied petroleum Gas (LPG)

Which one of the following is not a combination reaction 7
(a) Ca(OH),+CO, — CaCO,+H,0

(b) NH, +H,0 —» NH,OH

(¢) 2H,+0, — 2H,0

(d) 2NH, + H, 80, — (NH,), SO,

When ferrous sulphate crystals are strongly heated, the gas/vapour not evolved are of
(a) SO, (b) SO,
(¢} O, (d) H,0
The following reaction

4NH, +80,,, — 4NO_, +6H,0 is an example of a

(i) Displacement reaction - (ii) Combination reaction
(iii) Redox reaction (iv) Neutralization reaction
{a) (i) and (iv) {b) (ii) and (i11)
(c) (i) and (iii) (d) (iii) and (iv)

‘What is the corresponding change in colour when iron nail is dipped in the blue copper sulphate
solution 7 !

(a) Red (b) White

(c) Green (d) Black

When a black and white photographic film is exposed to light, the grey colour on the photographic
film is due to presence of

(a) Ag,0 (b) Ag

(¢) Br, © (d) All of these

Which of the following statements about the given reaction are correct ?

3Fe, +4H,0  —Fe,0,(s)+4 H,,

(i) Tron megal %2 getting oxidised (ii) Water is getting reduced

(iii) Water is acting as reducing agent (iv) Water is acting as oxidising agent.
(2) (i), (i) and (iif) (b) (iii) and (iv)

(¢} (). (ii) and (iv) (d) (ii) and (iv)

Electrolysis of water is decomposition reaction. The mole ratio of hydrogen and oxygen gases
liberated during electrolysis of water is

{ay 1:1 (b) 2:1
(c) 4:1 ) 1:2
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10,

11.

12.

13.

14.

I5.

17

18.

Which one of the following is an example of addition reaction

(a) CL+2KBr — 2KCIl+Br, (b) Fe+CuS0O, — FeS0, + Cu

(c) 2H,5+80, — 2H,0+38 (d) CaO+H,0 — Ca (OH),

The process of coating iron with zine is called

{a) Electroplating (b} Reduction

(¢} Polishing . (d) Galvanisation _
Which of the following gases can be used for storage of fresh sample of an oil for a long time ?
(a) Carbon dioxide or oxygen (b) Carbon dioxide or helium

(c) Nifrogen or oxygen _ (d) Nitrogen or helium

The following reaction is used for the preparation of oxygen gas in the loboratory
Heat

2 KCIGH&} W} ZKCI{F: iz 3{)2-“:]

Which of the following stalement is correct ahout reaction for a decomposition reaction and

endothermic in nature

{(a) Itis a decomposition reaction and accompanied by release of heat
(b) It is a combination reaction :

(c) Itis photochemical decomposition reaction and exothermic in nature
Which of the following metal will react with dilute hydrochloric acid to give out hydrogen gas
{a) Cu (b) Pb

(c) Ag (d) Hg

Which one of the following reaction will not take place ?

(2) Zn+ FeS0, — Zn SO, +Fe

(b) Fe +NiSO, — Fe 8O, + Ni

(c) ZAl+3MgS0O, — AL (SO, +3 Mg

(d) Cu+2AgNO, — Cu(NO,),+2 Ag.

Rancidity is due to

(a) Combination of oils and fats (b) Displacement of oils and fats

(c) Oxidation of oils and fats : (d) Reduction of oils and fats

Green coating on copper in rainy season is due to the formation of

(a) CuCO, : (b) Cu(OH),

(¢) CuCO,.Cu(OH), (d) Cus

Respiration is

(a) An exothermic process (b) An endothermic process

(¢) Neither exothermic nor endothermic (d) Can be exothermic or endothermic
Which of the following are exothermic processes 7

(1) Reaction of water with quick lime (i) Dilution of an acid

(111) Evaporation of water {iv) Sublimation of camphor (crystals)
(a) (1) and (ii) -, (b) (ii) and (iii)

(c) (i) and (iv) {d) (iii) and (iv)
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19.

20

21.

22,

23,

24,

25,

26.

27

Which among the following is called double displacement reaction (s) 7

(i} Pb+ CuCl,—>PbCl,+Cu (1) Na, SO, + BaCl,—BaSO0, + 2 NaCl
(i) C +0, — CO, (v)CH,+20, —CO,+2H,0

{a) (1) and (iv} (b} (i1} and (i)

(c) {i1) only {(d) (iii) and (iv)

A dilute ferrous sulphate solution was added to the beaker containing acidified permanganate

solution. The light purple colour of the solution fades and finally disappears. Which of the following

is the correct explanation for the observation ?

(a) KMnO, is an oxidising agent, it oxidises FeSO,

(b) FeSO, acts an oxidising agent and oxidises KMnO,

(c) KMnO, is an unstable compound and decomposes in presence of FeSO, to a colourless
compound :

(d) The colour disappears due to the dilution : no reaction is involved

Which of the following is (are) on endothermic process(es) ?

(i) Dilution of sulphuric acid (i) Sublimation of dry ice

(iii) Condensation of water vapours {iv) Evaporation of water -
{a) (i) and (ii) (b) (ii) and (iv) |

(c) (ii) only ' (d} (ii1) only

Which of the following substance is reduced in the given reaction below 7
PbS, +4H, O, (ag) — PbSO,, +4 H,0

(2) Lead sulphide {(b) Hydrogen peroxide
{c)} Both lead sulphide and Hydrogen peroxide (d) Water

Which one of the following is not a chemical change ?

(a) Cooking of food {b) Evaporation of water

(c) Burning of candle wax (d) Digestion of food in our body
Which one of the following solution on mixing will not form a precipitate ?

(a) Lead acetate and potassium iodide (b) Lead nitrate and sulphuric acid

(c) Tron sulphide and dilute sulphuric acid {d) Potassium bromide and silver nitrate
Which ene of the following on mixing with water will result in rise of temperature 7

{a) Sodium chloride (b) Sodium hydroxide

(c) Potassium nitrate (d) CuSO,.5H,0

In which of the following chemical equations, the abbreviations represent the correct states of the
reactants and products involved at reaction temperature ?

(a) 2H,(g)+ 0, () — 2H,0() (b) 2H,(H+0,() — 2H,0(g)

(¢) 2H,(g)+0,(g) — 2H,O(g) (d) 2H, (g} +0,(g) — 2H,0(})
. Which one of the following does not result in the evolution of H, gas ?

(a) Zinc and hydrochloric acid (b) Iron and sulphuric acid

(c) Magnesium and very dilute nitric acid (d) Aluminium and nitric acid
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28,

29.

30.

Fe,0,+2 Al —ALO, +2Fe
The above reaction is an example of a

(a) Combination reaction (b) Double displacement reaction
{c) Displacement reaction (d) Decomposition reaction
A balanced chemical equation is in accordance with which one of the following laws given below
(a) Law of conservation of mass . {b) Law of conservation of energy
{c) Law of constant proportion (d) Low of multiple proportion
Rust is
(a} Fe,O, (b) FeSO,
(c) Fe,0,xHO (d) Fe,0, H O
Answer Key

1L.(dy 2.(a) 3.0 4@ 5@ 60 7. 8@® 9 10(d
11.(d) 12.(a) 13.(b) 14.(c) 15.(c) 16.(c) 17. (a) 18.(a) 19.(c) 20.(a)
21.(b) 22.(6) 23.(b) 24:(0) 25.(a) 26.() 27.() 28.() 29.(c) 30.(c)
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Hints and Solutions

1. Combustion of LPG (a mixture of propane 10. Galvanisation is the process of coating iron

(C,H,), butane (C,H ) etc. in liquified form) with zinc in order to prevent its rusting,
involves a chemical reaction. 11. Nitrogen and helium are inert gases and
4. It is a displacement reaction because H of NH, prevent the oxidation of oil and hence prevent
has been displaced by oxygen. It is also redox the rancidity.
reaction because NH, has been oxidised to 19. Only reaction (ii) is a double displacement
NO whereas O, has been reduced to HO. reaction because cations/anions of both the
; salts are exchanged.
8. 2H,0 9 S ZHy) + Oy 26. At the reaction temperature, H, gas combine
Mole ratio of H, to O, liberated =2 : 1. with O, gas to form H O vapour.
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7. Acids, Bases and Salts

Learning Objectives

* Classification of acids, bases and salts
* Indicators

* Properties of acids and their uses

* Properties of bases and their uses

* Properties of salts

* pH scale

Role of pH in daily life

More about some salts

%

E 3

Acids, Bases and Salts

The chemical substance obtained from animals and plants are called organic compounds whereas
those oblained from minerals and rocks are called inorganic compounds. These compounds are
present in food stuff as well as in a number of other materials that we use in our daily life like washing
soda, lime etc. -

On the basis of their taste, the compounds were classified into the following three categories:

(i) Acids (ii) Bases and (iii) Salts

Acids: Acids are the substances which have sour taste. The term has been derived from the Latin
word, acidus, which means sour. For e.g., lemon juice, tomatoes, vinegar etc,

According to Arrhenius, acids are those substances which give hydrogen ions in water. Since
hydrogen ion does not exil, it combines with water to form hydronium ion.

H + H,0 — HO*

e.g,HCl+ HO0 —s HO'+Cl

H,50, + 2H,0 — 2H,0" SO,

Bases: Bases are bitter in taste. For example : washing soda, baking soda ete.

According to Arrhenius bases are those substances which give hydroxide ions in aqueous solution.
For example: NaOH_, —Na'+ OH

KOT I{.ﬂ} — K+ O

Note: The water soluble bases are called alkalis. All alkalies are base, but all bases are not alkalies.

Salts: Saits are the compounds formed from acids and bases. For Example : Sodium Chloride,
copper sulphate, silver nitrate, calcium carbonate. Salt having taste similar to that of common salt are
called salty.

Salts are those substance which are formed by neutralization of an acid with a base.

For example: Zine + SE!pi:uric acid — Zine + Su]pha:: + Hydrogen

Reactants Products
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Indicators '
There are some substances which show one colour in acidic medium and another colour in the basic
medium. These are called acid-base indicators.

There are some substances whose odour changes in acidic or basic media. These are called ol factory
indicators Acid-Base indicators.

The three well known indicators belonging to this category are Litmus, Phenolphthalein and Methyl
orange. Litmus is a natural indicator (found in plants) whereas phenolphthalein and methyl orange
are synthetic indictor (synthesised in the laboratory or industry.)

(i) Natural indicator: (Litmus) On the basis of changing the colour of litmus paper we can
identify acids and bases:

Vinegar “ soda solution

Lemon juice, orange juice Washing soda solution
Tamarind (imli) juice Bitter gourd (loki) extract
Juice unripe mangoes .| Cucumber (Kheera) extract

Note: Litmus solution itself is neither acidic nor basic. It is neutral and has a purple colour.

(ii) Synthetic indicators: The two most common are phenolphthalein and methyl orange. Their
colours in the acidic or basic solution are given in the table below -

Phenolphthalein Colourless

Methy] orange Orange Fed Yellow

Olfactory indieators: Vanilla. Onion and Clove oil are most commonly olfactory indicators,

Properties of Acids
1. Acids are sour in taste

2. Methyl orange turns red when 1-2 drops of its solution are added to the solution of an acidic
substance.

3. Acids turn blue litmus solution red.
4. Acids are corrosive in nature
5. Acids reacts with metals above hydrogen in the activity series to liberate hydrogen gas

(1) Zn (s)+ H,80,,,,— ZnSO, + H,,
Ling Sulphuric ackl Zine sulphate Hidrogen

(dily
(ii) Zn (s) + 2 HCI (aq) — ZnC, (aq) + H, (2)
[Note : Hydrogen gas evolved produces *POP* sound on burning. |

6. Acidsreact with metal carbonates and bicarbonates to give out carbon dioxide with effervescence
and forming the corresponding salt and water.
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In general:
[Metal carbonates or hydrogen carbonate + Acid — Salt +CO, + H,0]
Limestone, chalk and marble react with acid as follows:

CaCO, +2HCl—— CaCl, + H,O0 + CO,
Cricam carbonale Calziem Chiongs Wanes Tarben daxide
§ Limagtoned chalk/markike ]

7. The solutions of acids in water conduct electricity.
8. Acids reacts with a base form salt and water. This process is called neutmllzatmn.

2KOH o - HEl . — KCl  + HO
Futassiem bydrassde mdﬂomm Potassinm Chiovide 'ﬁmr

9. Acids react with metal oxides to form salt and water

For example:

Co 1055 — COyy,
In general:

Metal oxide + Acid — Salt + Water

Mote :1. Metal oxides show neutralization reaction so metallic oxides are basic oxides.
2. Like metal oxides, metal hydroxides are also basic in nature.
Mg(OH),, + 2HCl — MgCl, + 2H,0
n}ﬁﬂ.:m.? Magpesium Chizsids Witer
10.  Acids react with sulphites and hydrogen sulphites to form water and sulphur d:mudc
K50, +H,80, —K,S0, + H,0+ 80,

Some naturally occurring acids: A few naturally occurring substances and the acids present in
them are given in table below

Orange, lemons Citric acid
Vinegar ' Acetic acid
Proteins Amino acids
Apples : Malic acid
Tomatoes _ ‘Oxalic acid
Sour milk or curd Lactic acid
Tamarind (imli) Tartaric acid

Uses of Some Common Acids
Sulphuric acid — In industry and called the king of chemicals

Acetic acid — For cooking
Tartaric acid — For baking powder
Boric acid — For washing eyes
Orxalic acid — For removing stains

oo L R

waww, olympiads.org 115



6.
7.

Citric acid — Food preservative
Carbonic acid — In soft drinks

Properties of Bases

ol

10.

11.

Bases are bitter in taste

They possess a slippery touch like soaps
They turn red litmus blue

They turn phenolphthalein solution pink

Some bases like caustic soda (sudmm hydrogen) caustic potash 'E-‘th.- produce a buming sensation
on the skin i.e., they are corrosive in nature.

Bases react with acids to form salt and water.

For example:
2 NaOH + H,.80, — Na,80, + 2H,0
(B {Acid) th::;rlm [waier}

Bases react with metais to liberate hydrogen gas along with the formation of salt
eg.

{i) 2NaOH + Zn —> Na,Zn0, + H,
Sotmarn hepdono e Sodbam zineaiz Hy:trup:-

(i1) 2 NaDH + 2 Al+ 2 H,0 —— 2 NaAlO, + 3H,

Sidlismi aluednale
Bases react with non-metal oxides (like CO,, 80,,80,, PO, to form salt and water.
Base + Non-metal oxide — Salt + Water :
e.g., Ca (OH), +CO, —* CaCO, + H O
Note : This shows that non-metal oxide are acidic in nature
Like acids, the solution of bases in water also conduct electricity.
Bases react with ammonium salts to liberate-ammonia gas:

MaOH + N]'I‘Cl — NaCl+ H, O+ NH,

Adnosiz

2 KOH + (NH,), CO, — *K,CO, +2 H,0 + NH,

Ammonia has pungent odour. When a glass rod d1ppcd in dilute hydruchi:}rm acid is brought
near the mouth of the test tube containing ammonia and white fumes of ammonium chloride 1s
formed.

Hydroxides of zing, lead and aluminium are amphoteric in nature i e, they behave both acids
as well as base,

Zn (OH), + H,80, —7n SO, + 2H,0

Zn (OH), + NaOH —Na,Zn0, + 2 H0
Al (OH), + 3 HNO, — Al (NO,)+3 H,0
Pb (OH), + 2 NaOH — Na, Pb0O,+ 2H,0

Uses of Some Common Bases

L.
2.

NaOH (caustic soda) — For removing stains from cloths.
KOH (caustic potash) — For manufacturing soaps and in alkaline batteries.
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3. Ca(OH), (Slaked lime) — In manufacture of bleaching powder, in white washing and testing
of CO, gas.

4. Mg (OH), (Milk of lime) — As an anta acid to neutralize acid in the stomach
5. Al(OH),— As a foaming agent in extinguishing fire
6. NH,OH — For removing grease from clothes in dry cleaning and in cleaning window panes.

Properties of Salts

1. Some salts are hydroscopic in nature i.e., they absorb water vapours from air.
e.g., Quick lime (Ca0), concentrated sulphuric acid, anhydrous caleium chloride ete.

2. Some salts are deliguescence in nature i.e., they absorb water vapour from atmosphere and
completely dissolves in it to from a saturated solution

.g., NaOH, KOH, Anhydrous CaCl,
3. Salts shows efflorescence i.e., certain hydrated salts loose their water of crystallization partially
or completely when exposed to air

Na,C0,.10 H,O —Na,CO,. HO+9H,0
Such substances are called efflorescent substances.

4, It is the number of water molecules which enter into lattice structure of a salt during its
crystalization. Such salts are called hydrous or hydrated salts.

E.5.,
Calcium chloride (CaCl,. 6 H,0)
G}?psum or calcium sulphate CaS0,. 2 ]-I?D

1
Plaster of paris or calcinm sulphate hemihydrate [035043 HEDJ

Epsom salt or copper sulphate (MgSO,. 7 H,O)

Blue nitrate or copper sulphate (CuSO,. 5 H,0)

Glauber salt or sodium sulphate (Na,SO, . 10 H,0)

Green vitriol or ferrous sulphate (FeSO,. 7 H,0)

White vitriol or Zine sulphate (ZnS0,. 7 H,0)

Washing soda or sodium carbonate dcca hydrate (Na, CO,. 10 H,0)

Aﬂdlty or Alkalinity of a Solution in Terms of pH
Sorenson, a Danish biochemist in 1909 suggested a method of expressing molar concentration of H*
1ons in terms of pH which in Denish language stands for potenz de hydrogen (means power of H' ions).
It is defined as follow’s:

pH of a solution is the magnitude of the negahve power to which 10 must be rmsed to express
the hydrogen ion concentration of the solution in moles per litre.

[H*= 10-#1]
For example:

(i) What will be the pH of 0.01 mole of sulphuric acid in 2 litres of the solution 7
0,01 mol

WEPEH R A RE R

=(0.005 mol L

Solution: Molar concentration of H,SO, solution =
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As H 80, is a strong acid, it completely ionizes as:

1,50, — T WEE L o+ 4 80>

Thus | molecule of H SO, gives 2 H' ions
[H] = 2= [H,S0,]=2 x 0.005 = 0.01 mol L' = 102 mol L
HencepH = 2 ' '
{(ii) The pH 10* M NaOH solution
Solution: NaOH is strong base. It ionizes completely in aqueous solution as

MaQH +—W?—I-4 Na®{ag)+ OH" (ag)

~ [H]=[NaOH]= 10" M
To calculate the pH of the solution, we should know [H*]. This can be calculated by using the
formula
[H*] [OH] = K_ = 10" M?

lo _ 10"

PO . M,
OrH = [OH ] 10° 0" M

pH = @

Note: For any solution (neutral, acidic or basic) the product of H' ion concentration and OH- ion
concentration (in mole per litre) is always constant and equal to 10°" at 25° C. This is called
as ionic product of water. It is represented by the symbol (K ).

K, = [H][H]=10"at 25°C

Variation of pH with change in concentration of H' and OH ions:
(i) For neutral solution, pH =7
(i) For acidic solution, pH < 7 and greater than the H* ion concentration than 107M, less is the pH
value then more acidic is the solution.
(iti) For basic or alkaline solution, pH > 7 and greater than OH- ion concentration than 10-"M less
15 the H" ion coneentration and hence greater is the pH value and more basic is the sohution.
Acidic nature Basic nature

increasing increasing
4 Neutral >

PHIIIIIIliI’IFIIII
51234551‘59“111121314

A peutrg| ————p

Increasa in H' ion concentration Decrease in H' lon concentration
pH scale

Example: The pH of two solutions A and B are 2 and 4 respectively which one of them is more acidic ?
What is the ratio of H' ion concentration of the solutions ?

Selution : pH =2 means [H']=10"M
pH = 4 means [H']=10*M
As 10 = 10-*solution, Thus, A is more acidic than solution B
[H']in solution & _ 107 M

: = ——=10"=100
[H™]in solution B 2 R

i.e., [H'] in solution A is 100 times more than that in solution B.
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pH Values of Some Common Solutionst
Pure water (7.4)

Human blood and tears (7.4)

Gastric juice (1.0 — 3.0)

Lemon juice (2.2 — 2.4)

Wine (2.8 - 3.8)

Coffee (4.5 - 5.5)

Milk (6.8)

Milk of magnesia (10) (saturated Mg (OH),
0.1 M NaOH (13)

1{} 1 M NaOH (4)

Role of pH in Daily Life

(a) In plants and animals: Our body works within the pH range of 7.0 to 7.8, Living organisms can
survive only in a narrow range of pH change. When pH of rain water is less than 5.6, it is called
acid rain. When acid rain flows into the rivers, it-lowers the pH of the river water. The survival of
aquatic life in such of the rivers becomes difficult.

(b) In soil: Plants require a specific pH range for their healthy growth. Citrus crops grow better in
alkaline soils, while sugarcane grow better in neutral soil. The pH of soil is to be tested before
growing the crop.

(c) In digestive system: Our stomach produces hydrochloric acid. It helps in the digestion of food
without harming the stomach. During indigestion the stomach produces too much acid and this
causes pain and irritation. This problem is called ‘acidity’. It is cured by taking medicines called

*antacid’. The most commonly used antacid contains magnesium hydroxide (milk of magnesia)
which is a weak base and neutralize the excess acid.

(d) Tooth decay: When pH of our mouth reaches a value of less than 5.5, the enamel of tooth starts
decaying. In presence of sugar and food particles in the mouth the bacterial action starts and acid is
produced. This acid is neutralized by alkaline saliva in the mouth. The acid which is not neutralized
can be removed by brushing with tooth paste as they are alkaline and hence prevents the tooth
decay. _

(e) Self defence of animals and plants through chemical warfare: The sting of honey bee is very
painful as it contains methanoic acid. To get relief, a milk solution of baking soda can be applied.
Muscular fatigue caused by and formation: It is interesting to know that the stiffness and pain

that we feel after the exercise is due to the formation of an acid called lactic acid when we do excessive

physical labour acrobic metabolism is not sufficient to provide the required energy. Hence muscles will
depend over the aerobic metabolism. This result in the production of lactic acid and that accumulates in
the muscles and we feel stiffness and pain.

I
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More about Salts

Sodium hydroxide (NaOH) :

It is manufactured by Chlor-alkali process because of the products formed chlor for chlorine and
alkali for sodium hydroxide. When electricity is passed through an aqueous solution of sodium chloride
(called brine). It decomposes to form sodium hydroxide.

2 NaCl(ag)+ 2H,0 (/) — 2 NaOH (aq) + Cl(g) + H,(g)
Uses: Hydrochloric acid used for cleaning steel, cosmetics, NaOH is used in paper making, De-
greasing metals, '

Baking soda (NaHCO,) (sodium hydrogen carbonate)
(i) In laboratory it is prepared by passing carbon dioxide throu gh cold saturated solution of sodium
carbonate. _

Na,CO,+H,0 +CO, —> 2NaHCO,
(i) On large scale it is obtained as an intermediate in the Solvay’s process

NH,+H,0 + CO, — NH,HCO,
NH, + HCO, + NaCl — NaHCO, + NH,Cl

Properties of NaHCO,
¢+ It is while solid
v ltis sparingly soluble in water. Its aqueous solution is basic. It reacts with acid to form salt,
water and carbon dioxide. :

NaHCO,+HCl — NaCl+H,0+CO,

Uses of NaHCO,: For making baking powder, which is a mixture of sodium hydrogen carbonate and
tartaric acid.

*  Asan ingredient in antacids

* In soda acid fire extinguishers.

Bleaching powder (CaOCl,) (calcium oxychloride)
Bleaching powder is produced by the action of chlorine on dry slaked lime [Ca(OH)2]
Ca(OH),,, + Cl,, — CaOCL, + H,O,

Caltiam iy Calenm nuyakberale
{5kaked i

Because of this reaction hIaaching powder is also called chloride of lime.

Properties of CaOCl,: Yellowish white powder of calcium oxychloride has strong smell of chlorine. -
*  When left open in air, it decomposes slowly and liberate chlorine gas

CaOCl, +CO, — CaCO, + ClI,
Chidries gas

*  On reaction with dilute acids of liberates chlorine Zas

CaOCl, + 2HC] ——CaCl, +Cl, +H,0 °
Hydros hlorie scid

CaOCl, + H,S0, —> CaSO, +H,0+Cl,
Sulphuric acid
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Uses of CaOCl,;: For bleaching cotton and linen in the textile industry.
+  In manufacture of chloroform
+  For making wool unshrinkable -
+  For disinfecting drinking water to make it free of germs.

; ; 1
Plaster of Paris (C280,.7H,0) (calcium sulphate hemidrate): 1t is prepared by heating gypsum at
373 K.

2 Ca50,.2H,0,,, — (CaS0,),H,0 + 3H,0
[ T

Or

CaS0,2H,0— CﬂSO,.%HIO +1 %HID

PMazter of Paris

Properties of l:‘nS{),,.%H,t} -
O It is a white powder
O It absorbs water at room temperature and large amount of heat is liberated.
O On mixing with water, it changes to gypsum once again giving a hard solid mass.

CaS0,. YH,0 41+ 5 H,0)—> CaS0,2 1,0

|Gypsum}
El"hr-'cr ol p-m}

Uses of CﬂSl},.%Hl{J :

+  For making toys, materials for decoration

+  Formaking chalks

+  Asa fire proofing material

+  In hospitals for immobilizing the affected part in case of sprain or fracture.
*  For making surfaces smooth.

Washing soda Na,CO,.10H,O (sodium carbonate decahydrate)
+  Sodmm carhonatﬂ de.cah}rdrate is manufacutured by Su[vay s process also known as

ammonia soda process.
Steps involved
NH,+HO0+C0O, — NH,HCO,

wnmisiiiem hydegen carbongay
NH,HCO, +NaCl —— NH,Cl + NaHCO,
2NaHCO, —— Na,CO, +CO,+H,0

Na,CO, +10H,0 —s Na,CO,.10H,0
{Washing sada

Properties of Na,CO..10H,0
+ It is white transparent crystalline solid
+ It contains ten molecules of water of crystallization
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3

It shows efflorescence
Na,CO, . 10 H,O —Na,CO, . H,0+ ?HD

Its aqueous solution is alkaline
It reacts with dilute acids to give effervescence of carbon dioxide

Na,CO, + 2 HCl —NaCl+ H.0 + Co,
On heating, it undergoes following changes
Na,CO, . 10H,0 —Na,CO, . H,0 — Na,CO,

Uses of Na,CO,.10 H,0

*

*

FUR YL S G TR

<

Used for removing permanent hardness of water.

Used in glass, paper and soap industries.

Used as a cleaning agent for domestic purposes.

Used in the manufacture of sodium compounds such as forax.

Key Points
Acidic nature of a substance is due to the formation of H* (aq) ions in solution. Formation of
OH" (aq) ions in solution is responsible for the basic nature of a substance.
Acidic and basic solutions in water conduct electricity because they produce hydrogen and
hydroxide ions respectively,
Acid-base indicators are dyes or mixtures of dyes which are used to indicate the presence of
acids and bases,
Acids turn blug litmus red. Bases turn red litmus blue.
Phenolphthalein has colourless in acidic medium and pink colour in basic medium.
Methyl orange has red colour in acidic medium and yellow colour in basic medium.
Mixing concentrated acids or bases with water is a highly exothermic Process.
The reaction between an acid and a base to form salt and water is called neutralization
The strength of an acid or an alkali can be tested by using a scale called the pH scale (0-14)
which gives the measure of hydrogen ion concentration in a solution.
Aneutral solution has a pH of exactly 7, while an acidic solution has a pH less than 7 and basic
solution has a pH more than 7.
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Multiple Choice Questions

Which of the following statements is true for acids ?

{a) Bitter and change blue litmus to red {b) Sour and change blue litmus to red
(c) Bitter and change red litmus to blue (d) Sour and change red litmus to blue
Which of the following are present in a dilute aqueous solution of hydrochloric acid ?

() H,0"+CI (b) CI-+OH

(c) H,O+OH (d) Unionized HCI

Lemon juice and coffee are

(a) Both acidic X (b} Both basic

{c) Lemon juice is acidic, coffee is basic (d) Lemon juice is basic, coffee is acidic

Match the entries of column [ with appropriate entries of column II. Choose the correct answer
using the code given below the columns

(i) DE (A) Washing suda

{ii) Hygroscopy (B) Caustic-soda

(iii) Efflorescence (C) Oily food

(iv) Rancidity (D) Common salt
(@) (i) — A, (i) = C, (iii) — D, (iv) — B (b) (i) — C, (ii) — B, (iii) — D, (iv) — A
(c) (i) — B, (ii) — D, (iii) — A, (iv) — C (d) (i) — D, (ii) — A, (iii) — C, (iv) — B

When sodium hydroxide is added to ammonium carbonate salt and then a glass rod dipped in dilute
hydrochloric acid is brought near the test tube, we observe

(a) Brick efflorescence {b)} Dense white fumes

(c) Reddish brown gas (d) Yellowish green vapours

A salt on treatment with excess of ammonium hydroxide produces a complex tetraammine copper
(II) ions. The salt contains

- (a) Cuprous ions (b) Chloride ions
{c) Cupric ions (d) Calcium ions
Which of the following phenomenon occur, when a small amount of acid is added to water ?
(i) lonisation (i) Meutralization
(iii) Dilution (iv) Salt formation
(a) (i) and (i) (b) (ii) and (iii)
(c) (iii) and (iv) ! : (d) (i) and (iii)
What is pH of a solution whose hydrogen ion concentration is 1 * 10~ modes ?
(a) 2 1y (b) 3

(c) —3 (@ =7
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10.

11.

13.

I35

What will be pH of solution when 0.02 mole of hydrochloric acid in 2 litres of the solution
(a) 2 (b) 1

() -~ & ' ' (d) 10

When dilute hydrochloric acid is poured over powdered calcium carbonate, efflorescence are
formed, it is because :

(a) Acids are corrosive (b) Calcium oxide is formed

(¢} Carbon dioxide is evolved (d) Calcium carbonate is very reactive
Solutions A, B, C and D have pH 3, 4, 6 and 8. The solution with highest acidic strength is
(2) A (b) B

(c} C (d) D

- PH of two solutions A and B are 3 and 6 respectively, This means that

(a) Solution A is twice as acidic as B
(b) Solution B is twice as acidic as A
(¢} Solution A is 1000 times more acidic than B
(d) Solution B is 1000 times more acidic than A

In an attempt to demonstrate electrical conductivity through an electrolyte, the following apparatus

was set up

6 Volt +— Bulb
Batery > 'i]s
+— Swilch

Beakar

Mai
Dilute NaOH solution
Rubber Cork

Which among the following statement(s) is (are) correct ?

(1) Bulb will not glow because electrolyte is not acidic

(i1) Bulb will not glow because NaOH is a strong base and furnishes ions for conduction
(111) Bulb will not glow because circuit is incomplete

(iv) Bulb will not glow because it depends upon the type of electrolytic solution

(a) (i) and (iii) (b (ii) and (iv)

{c) (ii) only(d) - {iv) Only

Which of the following substances will not give carbon dioxide on treatment with dilute acid ?
{(a) Lime (b} Limestone

(¢) Marble (d) Baking soda

Which of the following is not a mineral acid ?

{(a) Hydrochloric acid {b) Nitric acid

(c) Citric acid (d) Sulphuric acid
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16.

17.

15,

19,

20,

21,

22

23

Mat;h the columns

(B) Baking soda (ii) Production of H, and Cl,
(C) Washing soda (iii) Decolourisation
(D) Sodium chloride (iv) Antacid

(a) A—(ii), B—(i), C-(iv), D — (iii)

(b) A—(iii), B —(iv), C— (i), D~ (ii)

(c) A—(iii), B~ (ii), C— (iv), D - (iii)

(d) A—(ii), B (iv), C — (i), D - (iif)

Washing soda (Na,CO,.10 H,0) on exposure to air gives

(a) Na,CO,.9H,0 (b) Na,CO,.7H,0
(c} Na,CO,.5HO . (d) Na,CO, HO
Aqueous solution of sodium carbonate is '

(a) Acidic (b) Basic

(c) Meutral {d} Amphoteric

Which of the following statements is not correct ?

(a}' All metal carbonates react with acid to give a salt, water and carbon dioxide
{b) Some metal react with acids to give salt, water and hydrogen

{c) All metal oxides react with water to give a salt and acid

(d) Some non-metal oxides react with water to form an acid

When hydrogen of an acid are partially neutralized by hydroxyl ion of a base we get

(a) Normal salt (b) Complex salt
(c) Acidic salt (d) Basic salt
Which among the following is not a base ?

(a) NaOH (b) NH,OH

(¢) CHOH - (dy KOH

Which of the following is used for dissolution of gold ?

{(a) Hydrochloric acid (b) Sulphuric acid
{c) Nitric acid (d) Aqua regia
Plaster of Paris on mixing with water sets to form

(a) CaSO,H,0 (b) CaSOLIZH,0
() CaS0O,.2H,0 (d) CaSG,_Z%H!(}
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24, Match the columns

26.

27.

28,

- 29.

30.

o
'{A] Plaster of Paris (i) Ca(OH), -
(B) Gypsum (ii) CaSQ.%Hﬁ
(C) Bleaching Powder (iii) cusq,szU
(D) Slaked lime (iv) CaOCL,

(a) A (i), B — (iii), C—+ (iv), D— (i)

(b) A — (iii), B — (ii), C— (i), D — (iv)

() A= (ii), B — (iv), C— (i), D — (iv)

(d) A— (@), B (iv), C — (i), D —» (iii)

Common salt besides being used in kitchen can also be used as the raw material for making

(a) Washing soda (b} Bleaching powder
{c) Baking soda (d) Slaked lime

{a) (i)and (ii) - ? (b) (1) and (iii)

{c) (i), (i) and (iii) (d) (i), (iii) and (iv)

Each volumes of solutions with pH = 4 and pH = 10 are mixed. What is the pH of the resulting
solution ?

(a) 4 {(b) 10
{c) 7 5 (d) 14
The water of crystallization of green vitriol is

(a) 10 (b) 9
ey 7 (d) 5

A solution when reacts with zinc material liberates a gas which burn with a pop sound. The pH of
the solution is '

(a) Equalto7 ' (b) Greater than 7

(c) Lessthan 7 . ; (d) Between 8 and 14

Glauber’s salt is

{(a) Sodium sulphate (b) Sodium sulphate decahydrate
(c) Sodinm carbonate decahydrate (d) Sodium carbonate monohydrate
The acid used for washing eyes is

(a) Boric acid . (b) Acetic acid

{c) Oxalic acid {d} Carbonic acid
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31,

32.

33.

34,

35,

36.

| (i) Common salt (a) Acidic (A)=<7
(ii) Blue vitriol {b) Basic (B)=7
(iii) Baking soda (c) Neutral (C)=7
{(iv) Soda ash

Match the entries of column [ with appropriate entries of column 11 and 111

() (1) — (a)— (A), (ii) — (b) = (B), (iii) — (b) = (B), (iv) — (c) — (C)
(b) (i) — (c) — (C), (i1) — (e) — (C), (iii) — (a) — (A), (iv) — (b) — (B)
(©) (i) — (c) = (C), (i) — (@) — (A), (iii) — (b) — (B), (iv) — (b) — (B)
(d) None of these

Calcium phosphate is present in tooth enamel. Its nature is

(a) Acidic (b) Basic

(¢) Neutral ~ (d) Amphoteric

What happens when a solution of an acid is mixed with a solution of a base in a test tube 7
(i} The temperature of the solution increases

(ii) The temperature of the solution decreases

(iii) The temperature of the solution remains the same

(iv) Salt formation takes place '

(a) (i) only (b) (i) and (iii)

(c) (ii) and (i) (d) (1) and (iv)

Which of the following gives the correct increasing order of acid strength 7

{a) Acetic acid < water < Hydrochloric acid {b) Hydrochloric acid < Water < Acetic acid
(e} Water < Acetic acid < Hydrochloric acid (d) Water < Hydrochloric acid = Acetic acid

A sample of soil is mixed with water and allowed to settle. The clear supernatant solution turns the

pH paper yellowish — orange. Which of the following would change the colour of this pH paper to

greenish blue

(a) Common salt (b) Vinegar

{¢) An antacid {d) Lemmon juice

If a few drops of a concentrated acid accidentally spill over the hand of a student, what should be

done ?

(a) Wash the hand with saline solution

(b) Neutralise the acid with a strong alkali

(c) After washing with plenty of water apply solution of sodium hydroxide on the hand.

(d) Wash the hand immediately with plenty of water and apply a paste of sodium hydrogen
carbonate .
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Answer Key -

L) 2()
11.(a) 12.(e)
21.(c) 22.(d)
31 (e) 32.(b)

3. (a}

13. (c)
23, (c)
33.(d)

4.(c) 5.(b)
14, (a) 15. (c)
24.(a) 25.(b)
34. (¢) 35.(c)

6.(c) 7.(d) 8.(b) 9.(a) 10.(c)
16.(b) 17.(d) 18.(e) 19.(c) 20.(c)
26.(c) 27.(c) 28.(c) 29.(b) 30.(a)
36. (d)
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Hints and Solutions

2. (a)
HCl +H,0 Sl ¥
6. ()
Cupric ions, as they react with excess of
ammonia solution to form [Cu(NH,),**
8. (b)
pH =—log [H']
pH=—log (1 x 107] =—(-3) log,,
pH=3
9. (a)
Iolar concentration of HCI acid solution

0.02 .
=3 = 0.01 mol L7
= 0% mol L
pH=-log [H']

pH =— log (10-%)

pH=2log 10
pH=12
14. ( a)

Line (Ca0) reacts with HCI acid to form CaCl,
and H,0. NO CO, is produced.

15. (c)
Citric acid is not a mineral acid but an organic
acid present in citrus fruits -

19, (c}
Some metal oxides (like Na,0, Ca0, etc.) react
with water o form metal hydroxides (bases)
only and not salt and acid.
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21.(c)
C,H.OH is ethyl alcohol which does not give
'OH ions in the solution.
Hence, it is not base.

36. (c)
pH = 4 means [H*] = 10~ M. pH = 10 means
(H)=10"Mor [H]=10"M
Thus, one solution is acidic and the other is
basic. Further, they have same molarity. On
mxing equal volumes, then will neutralize
each other completely. The resulting solution
will be neutral with pH = 7.0

27. (€}
Green vitriol or ferrous sulphate is FeSQ, 7TH,0

29. (b)
Glauber’s salt is sodium sulphate decahydrate
Na,50,.10H,0

33.(d)
Mixing of solution of an acid with the solution
of base (neutralization) is exothermic ie
temperature increase and salt formation takes
place.

35, (c)
Turning of the pH paper yellowish — orange
shows that the solution is acidic (pH=5). To
change it to greens blue means we want to
change it to basic (pH = 8) This can be done
by adding an antacid [like Mg(OH),))
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Previous Year's Questions

Baking powder gives the following gas on reacting with an acid

(a) Hydrogen (b) Oxygen

{c) Methane (d) Carbon dioxide (NSO 2005)
The product formed, when chlorine gas passes through dry slaked lime is

(a) CaOClI, (b) CaCl,

(c) CaOCl (d) CaO (NSO 2005)

pH of a selution changes from 5 to 4. How many times do you expect a change in hydrogen ion
concentration 7

¥

{a) 2 times

(c) 10 times

INBK

CaS0, XH,0—===5C+D

{(b) 5 times
{d) 20 times

(NSO 2006)

Find out X, C and D in the above reaction. Also identity the names of compounds C and Y,

ST

(NSO 2007)

(a) 2 Gypsum
Sulphate
Hemidrate
(b)5| CaSO,3M,0 2HO Gypsum Plaster of Paris
()10  CaSO,5H,0 SHO Calcium
Sulphate
Hemidrate Plaster of Paris
(d)2 CaS0,.2H,0 H,O _ Plaster of Paris Gypsum
Caleulate the pH of 0.05 M H,80,, if the acid is fully dissociated.
a) —1 (b) 1
(©) 0 (d) 2

Match the following columns:

(p) Acetic acid

(q) Butyric acid (ii) Apples

(r} Formic acid - (iii) Vinegar

(s) Lactic acid (iv) Rancid butter
(t) Maleic acid (v) Sour milk

(NSO 2007)
(NSO 2009)

(a) p—(iii), q—(i), r— (i), s— (v), t— (iv)
(®) p (i), q—(v), r—(iii), s - (iv), t— (i)
() p—(iif), q—(iv), r— (i), s—(v), t- (i)
() p— @, q- (i), r—(v), s (i), t- (iv)
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7. . Sodium chloride is added to the solution after saponification to cause the ..,
(a) - Hydrolysis of soap (b) Precipitation of soap
(c) Sedimentation of soap (d) Hardening of soap .
" 8. A dentist advices his patient to rinse his mouth using mouthwash after every meal. What should be
the approximate pH of the mouthwash ?
(a) pH=>5.5 (b) pH=55
{c) pH=7 (d) pH>7
9. ZnO+2HCl — X +H,0 and Zn0O + 2 NaOH — Y + H,0
Identify X, Y and the nature of ZnO best described by the above reactions

. Y Nature of Zn0
(a) ZnCl, NaZnO, ~ Amphoteric
(b) ZnCl, Na,ZnO, Amphoteric
(¢) ZnCl, Na,Zn0, Acidic
(d) ZnCl, Zn(OH), Basic

10. “Xis obtained by the action of CL, on dry slaked lime. One of the importance of *X is disinfecting
drinking water. ‘X is

(a) CaO (b) CaOCl
(¢) CaOCl, (d) CaOClL,
11. The given figure shows important products of chlor-alkali process. What are X, Y, and Z,
respectively?
_ MaCi
l At anode l At cathode l
X i v Z {ag.solulion)
(a) NaOH, Cl, H, _ () H,, CL, NaOH
() Cl, H,, NaOH (d) Cl,, NaOH, H,

12. Gas X when directed towards a buming candle, extinguishes it. The compound in ignition tube is

Thread
Ignition
tube
4-— Wash bottle
Sodium hydrogen
Carbonate Ignition
tube

(a) HS (b) dil H, SO,
(c) NaCl (d) NaOH
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13. Suresh took some sulphur powder on a spatual and heated it. He collected the gas evolved by
imverting a test tube as shown in figure. When he brought a wet litmus paper near the test tube then
he observed (NSO 2009)

Test fube

Epatula containing
sulphur powder

(a) No effect on litnus paper (b) Blue litmus tums red
(¢) Red litmus turns blue (d) Unpredictable

14, Three students were given colourless liquids of water, lemon juice and a mixture of water and
lemon juice. After testing these liquids with pH paper, a sequence in colour change of pH paper
was reported. Which is the correct sequence ? '

{a) Blue, red and green (b) Orange, green and green
{c) Greenred and red {d) Red and green. (NSO 2010y
Answer Key

L@ 2.0 3() 4@ 50 6( 7.0 8.0 906 10.()
1,(c) 12.(b) 13.(b}) 14.(c)
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8. Metal and Non-Metal

Learning Objectives
* Classification of elements into metals, non-metals and metalloids
* Physical properties of metals and non-metals
* Chemical properties of metals
* Activity (Reactivity) series of metals
* Reaction of metals with solution of other metal salts
* Chemical properties of non-metals
* Properties of metalloids
* Importance of metals and non-metals
* How do metals and non-metals combine
* Properties of ionic compounds
* Oceurrence of metals
* Extraction of metals (metallurgy)
* Corrosion
* Condition neccessary for rusting of iron
* Prevention of rusting
* Alloys
* Types of alloys
* Objective of alloy making
* Alloying of gold

Classification of Elements

More than 118 different elements have been discovered so far. Many of them are found to occur in nature
whereas some of them have been made by artificial methods and are called synthetic elements. So far 20
synthetic elements have been created (those with atomic numbers 99-118). Based on their properties,
elements have been mainly classified into three categories  metals, non-metals and metalloids:

Metals
Metals are those elements which possess luster when freshly cut and are malleable and ductile and good
conductor of heat and electricity. They may also be defined as those elements which lose electrons and
form positive ions i.e., they are electropositive elements. For example : Sodium (MNa) Potassium (K},
Magnesiom (mg) ete.

NMa — Na"e’

Non-metals
MNon metals are those elements which do not possess luster and are neither good conductor of heat
and electricity nor malleable and ductile but are brittle. They may also be defined as those elements
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which may gain electrons and form negative ions i.e., they are electronegative elements. For example :
Chlorine (C1), Hydrogen (H), Oxygen (O) etc.

Cl+ee — CI

Metalloids
There are those elements which behave as metals as well as non-metals. They have four valence
electrons. For example, Carbon (C), Silicon (Si).

Ph}rsnzal properties of metals

Pt o ]

e

9.

Metals are generally hard, Their hardness varies from metal to metal.

Metals in the pure state possess lustre, i.e., a shining surface.

Metals are generally malleable, i.¢., they can be beaten into thin sheets,

Metals are generally ductile, f.e., they can be drawn into wires except zinc, antimony, bismuth
and arsenic.

[Note: Gold is the most ductile metal. ]

Metals have high tensile strength.

Metals are good conductor of heat and electricity.

[Note: Silver is the best conductor of heat whereas lead is the poorest conductor of heat. |

Metals have high melting points, However, sodium, potassium, gallium and caesium have very
low melting point. Gallium and caesium will melt if we keep them in our palm,

All metals are solid at room temperature except mercury and gallium which are liquid at room
temnperature.

Metals have high density except lithium, sodium and potassium which have low densities,

10. Metals are sonorous i.e., they produce sound when hit against hard surface

Physical properties of non-metals

L,

Ty LA L B

8.
A,

MNon metals are soft and brittle except diamond, which is an allotrope of carbon.

[Note: Diamond is the hardest known substance]

Non metals do not possess any lustre (except iodine which is a non metallic solid but has luster)
They are neither malleable nor ductile.

They have low tensile strength i e., they are easily broken except carbon fibres

They are generally bad conductors of heat and electricity except graphite

They have low melting and boiling points except boron, diamond and graphite which are non
metals but have high melting points.

They may be solids, liquids or gases at room temperature.

For example: Carbon, sulphur, phosphorus, and iodine are solid, bromine is a liquid, while
hydrogen, oxygen, nitrogen and chlorineg are gaseous non metals,

They have low density except bromine, iodine which are guite heavy.

Mon metals are non sonorous i.e., they do not produce any sound when hit with a hard object.

Chemical properties of metals
Metals and non metals can be distinguished on the basis of their chemical properties:

Metals form oxides which are basic in nature whereas non metals form oxides which are
acidic in nature or we can say that, they are neutral
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Metals are electropositive elements. Due to their electropositive character, metals show a number
of characteristics properties:

Reaction with oxygen:
Most of the metals react with oxygen to form metals oxides.
Metal + Oxygen —— Metals oxide
4Na+0;, —— I Na,(0)(s)

Sealivm aaide

2K+ —  K,0()

Poladdinm axide
+  Some metal oxides dissolved in water to form alkali.
Na,0+H,0() — 2NaOH (aq)

Sodium hydinide

K,0+H,0() — 2KOH(ag)
Patadsiem Bydraxide

+  Some metal oxides show basic as well as acidic character,
Such metals oxides are called’amphoteric oxides
ALO, + 6HCI — ZNHy,, + HS0,,,~— (NH,)S0,

A resium oeide Hydrochlune acid Aamemoaia Sulphunic Azd Annaive Sulphats

2 Na AID, + H,0

Sodiuss olumings

ALO,+ 2NsOH —*
Seaitem hydaxids

Similarly,
ZnQ + 2HCI —— ZnCl, + H,0
Tecerih Tineehberide

Znd + 2NaOH —— MNa,Zn0, + H,0
Fire ualde ;

® Sodaim Tiskale

Key Note: (i) Silver, gold and platinum do not combine with the oxygen of the air even at high
temperature. This shows that they are least reactive.
(ii} Anodizing: It is a process of coating a thick layer of aluminium oxide on the surface
of aluminium articles. It protects the surface of aluminium articles from corrosion.
Aluminium develops a thin oxide layer when exposed to air. Anodizing is done
. electrolytically by taking dilute sulphuric acid in the electrolytic tank and making
the aluminium article to be anodized as anode. The oxygen liberated at the anode
on electrolysis combines with aluminium.. The process is continued till a required
thickness of the oxide layer is formed. This oxide layer can also be dyed easily to give
aluminium articles an attractive finish. -

Reaction with water: Metals react with water to form a hydroxide or an oxide along with the evolution
of hydrogen gas. ’
[Metal + Water —— Metal oxide or hydroxide + Hydrogen]

*  Sodium and potassium react with cold water very violently and the reaction is highly exothermic.
Hence hydrogen evolved catches fire,

2Ma(s)+2H,0()) —— 2NaOH({(ag)+ H, + heatenergy
j i Sadluin hydreside

2K {s)+2H,0¢) ——  2ZEKOH(aq)+ H, + heat energy

Potassivim tnidrexide
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The reaction of caleium with water is less violent. The heat evolved is not sufficient for the
hydrogen to catch fire. '
Cafs)+ 2 H,0 (!) — Ca(OH), (ag) + H, (z)
) Caletem hydruide
Bubbles of hydrogen gas produced, stick to the surface of calcium and hence it starts floating
on the surface of water.
Magnesium does not react with cold water. It reacts with hot water to form magnesium hydroxide
and hydrogen. It also starts floating due to bubbles of hydrogen gas sticking to its surface.
Mg (s)+2H,0(l)—> Mg(OH), + H,
{Hut varer) Maghetiom bpdeoxide  Hyabeogen
Note: With steam, magnesium forms magnesium oxide and hydrogen. .
Mg (s} + HO{g)—— MgO(s) + H,{g)
{52um) Bagnenium ade
Aluminium, zinc and iron neither react with cold water nor with hot water. They react only with
steam to form metal oxide and hydrogen.
ZAIE) +3H,0(2) — AlO,(s) +3H,(g)

(Aheminfam) Sz Almmin b axids

n {31+ H;G - Zl'll:l {S} + H2 {g}

d&imh Sicm Fing oxsde
2Fe (s)43H Fe,0. -+ 3H, (g)
rh:nl:ls} Is?uigj hnm?lumu: 3

Note : Lead, copper, silver and gold do not react with water and steam
Order of reactivity of different metals towards water may be written as :
K>Na>Ca>Mg>Al>Zn>Fe>Pbh>Cu >Ag>Au

Reaction with acids: Metals react with acids to give a salt and hydrogen gas.

T

f
.’

*

Note :

Metal + Dilute acid —  Salt + Hydrogen

Sodium and potassium react very violently with dilute hydrogen chloric acid forming their
chlorides along with the evolution of hydrogen gas.

2K (s)+2HCl(ag) — 2KCl(aq) +H, (g)
2Na(s) +2HCl (ag) —— 3 NaCl (aq) + H, (g)
Calcium react vigorously though less than sodium and potassinm
Ca(s)+ 2HCl (ag) — CaCl, (aq) + H, (g)
Magnesium reacts quite rapidly but the reaction is less vigorous than that with calcium
Mg(s) + 2HCl (aq) —  MgCl, (aq)+ H, (g)
Aluminium, zinc and iron reacts very slowly and give their chlorides and hydrogen gas.
2Al(s) — 6HCl(ag) —2 AICL, (ag) + 3H, (g)
Zn(s) —> 2HCI(aq) —> ZnCl, (aq) + H, (g)
Fe(s) — 2HCl(aq) — FeCl, (ag) + H, (g)
Copper, mercury and silver do not react with dilute hydrochloric acid or sulphuric acid Order

of reactivity of metals towards acid may be written as:
K>Na>Ca>Mg>Al>Zn>Fe>Cu >Hg>Ag
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Further, it is important to note that if dilute nitric acid used in place of dilute HCl or dilute H,O,, no
hydrogen gas is evolved. It is because HNO, is a strong oxidizing agent. It oxidizes the hydrogen
formed into water and itself, it is reduced to an oxide of nitrogen such as N,O, NO, NO, etc. But
magnesium (Mg) and magnese (Mn) react with very dilute HNO, giving out hydrogen gas.

Mg + 2HNO, —— Mg(NO),+ H,

Magresam iz acid sapaesinn masle
Mn +2HNO, —— Mn(NO,),+H,
Maganese witrrie

Note: Gold and platinum do not react with any pure acid, That is why they are called noble metals,
However, these metals can dissolve in a mixture of concentrated hydrochloric acid and
concentrated nitric acid taken in the ratio of 3 : 1 by volume. This mixture is called aqua regia
which in Latin means “royal water™. It is highly corrosive and fuming liquid.

The dissolution of gold and platinum in aqua regia is due to the formation of nascent (newly
born) chlorine which attacks gold and platinim,
JHCI+HNO, — NGLI + 2ZH,0+2C]

Hitragd kI PO
Agqna fegia
—_— AnCl
E:}E £ 3C| l.'wldl::lllrd.l:nk
Pt + 40l > PLCl,
PErtmuim Platifrsmn { 1% pohinidz

Reaction with chlorine: Metals react with non-metals to form ionic compound
2Na+Cl, — 2NaCl
Ca+¥F, — CaF, -
Ionic compounds are the c{;-mpnunds fnrmed by losing and gaining of electrons.
Na+Cl — [Na’][Na] —*NaCl

Reaction with hydrogen: Metals react with hydrogen to form metal hydrides. But only reactive metals
like sodium, potassium and calcium form their hydrides.

ZNa(s) + H,(g) — 2NaH(s)

(Sodium hydride)
Ca(s)+Hy(g) 8 CaH,
[Caleiim trecide §

Reducing hehaviuur: Metals acts as reducing agents. For example, sodium metal reduces

chlorine to chloride ion forming sodium chloride as follows:
2Na+Cl, —* 2NaCl

[Nn Oxidation

1

—— M e
S fon

Cl+e- Onidation cr

CHluridde i

Na* +Cl- —s macr]

Reactivity series: On the basis of reactions of metals with oxygen, water, acids, etc. it is found that
some metals are highly reactive, some are less reactive, Thus, metals can be arranged on the basis of
their relative reactivity, '
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The arrangement of metals in a vertical column in order of their decreasing reactivity
downwards is called the activity series or reactivity series of metals.’

Potassium k — » Mostreactive
@ Calcium Ca
s = Sodium Na
o 2 -
o] Magnesium Mg
E = Aluminium Al @
g E Zinc Zn =
= o ] -+
£ 5 Iron Fe Fu;,'.:
= Nickel Ni ¢

Tin Sn E
=] ]
g Lead Ph i
= e
o 3 [_ Hydrogen H J |
E 50 Copper Cu l
& E
i) Mercury Hg
] : ¥
== Silver Ag
43 Platinum Pt
L)
e Gold Au ———» Least reactive metal

Activity series of some common metals: Metal lying above hydrogen in the activity series are
more reactive than hydrogen. Hence they can displace hydrogen from its compounds like water or
acids. On the other hand, metals lying below hydrogen in the activity series are less reactive than
hydrogen and cannot displace hydrogen from water or acids.

Reaction of metals with solution of other metals salts (Displacement reactions): The relative
reactivity of metals is found on the basis of displacement reactions. The basic principle of these reactions
is that a more reactive metal can displace a less reactive metal from the solution of its salt. This, if a metal
A is more reactive than metal B, then metal A can displace metal B from the salt solution of metal B i.e.,

Metal A + Salt solution of metal B — Salt solution of metal A + metal B
(more reactive than B)

For example:
1. Zn(s)+CuS0O, (ag) »Zn50, {ag) + Cu(s)
Zine Enpper sulphaio Zinz sulphate Crpper
[Biue) {enloaless) (Iteddish bemam )

The reaction shows that zinc is more reactive than copper. If copper plate is dipped in zinc
sulphate solution, no reaction is found to occur.
Cu(s) + Zn80, (aq) —* No reaction
This proves that copper is less reactivé than zinc,
2. Cu(s)+2Ag NO, (ag) — Cu (NO + 2 Ag

Silver nitrats Copper nitrase Silver
[Colouress) (Eilue)

Ag+ Cu (NO,), — No reaction
This shows that copper is more reactive than silver,
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3. Fefs)+Cu30,(ag) — Fe S0, (ag) + Cu(s)
Coppar [ 1) Selphan Eran 1} Subphais
{lHue) (Cirnea)
FeS0, + Cu——*No reaction
This shows that iron is more reactive than copper.

Chemical properties of non-metals -
Non-metals are electro negative in nature, i.e., they can accept- electrons and form anions. Some
important chemical reactions of non-metals are:

1. Reaction with oxygen: When heated, non-metals react with oxygen to form oxides. These
oxides may be either acidic or neutral. They never form basic oxides. Acids oxides turn blue
litmus to red.

C+0, — €O,
§+0, — 80,
P, +50,— PO, (Phosphorus pentaoxide)
N,+0, — 2NO
N, #2320, — 2ZNO,
Hence, NO (Niiric oxide) is neutral, while NO, (nitrogendioxide) is acidic

2. Reaction with water: Generally they do not react with water except with highly reactive non

metals like F .

2E(g)+2H,0() —— 4HF(aq) + 0, (g)
Flupeing Hydrogeas Fuoride Dusgen

IE+3H,0 — 6HF(ag) +0,(g)

3. Reaction with dilute acids: They do not react with acids.
Note: Non metals do not react with acid to displace hydrogen gas. In order to displace hydrogen
from acids, electrons must be supplied to the H* ions of the acids.
H,80, (aqg) — 2 H' (aq) + 80,* (aq)
2H'(ag)+2e — H,(g)
Since a non metal is an electron acceptor, it can not supply electrons to the H™ ions to reduce

them to hydrogen gas. Therefore it cannot displace hydrogen gas from acids. Thus when a non
metal is placed in test tube containing either dil HCI or dil H,SO,, hydrogen is not evolved.

4. Reaction with chlorine: Non-metals reacts with chlorine to form chlorides
H +Cl, — HCI :
P, +6Cl, —  4PCl

Faszhona rchlands

5. Reaction with hydrogen: Non-metals combine with hydrogen to form covalent hydrides.

RH () +S () — oK 8H, 8

Hyeogei Sulphuar Hydrogea sulphide
N, (g) + 3H, (g) % 2NH, (g)
[ - Agrmcnn

Catalyst
6. Reaction with salts: A more reactive non metal displaces a less reactive non-metal from the
solution of its salt. :
2MaBriag)+ClL (g0 —— 2 MaCl{aq)+ Br, (I)
Suliim Bremdin

Chiaiine Hngum chierids Ersinize
.

2KI(ag) +Cl{g) —— 2KCl{aq) +L,(s)

Falaartam [refide Chlarine Patuiniis Chiorids Irdire
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7. Oxidizing behaviour: As they accept electrons, they act as oxidizing agent. For example:
Fluorine is strong oxidizing agent it oxidizes water to oxygen, sulphur to sulphur hexaflvoride
and phosphorus to phosphorus penta fluoride

2H,0()+2F,(g) — 4HF (aq) +0, (g)

S,(s) 1 24F,(g) — 8SF,(g)
P,(s)+10F,(g) — 4PF,(s)

Properties of metalloids

1. They can form alloys

They have metallic lustre

They are good conductors of electricity

They form stable hydrides

Their chlorides are covalent in nature

e.g., Silicon, germanium, arsenic, antimony, tellarium

ol BB

Importance of metals
Metals are used in making utensils, buildings, bridges, automobile parts, coins, jewellery, machine
parts etc. Metals like Ti, Cr, Mn and Zr are called strategic metals as they are used in country’s defence.

Importance of non-metals
Carbon and hydrogen which are non-metals are present in carbohydrates, proteins, oils, fats etc, which
are required for growth and maintenance of living organism carbon also used in making electrodes.
Hydrogen is used in hydrogenation of oils to make ghee.

Oxygen is important in breathing and combustion. Nitrogen is present in NH_, HNO, and fertilizers.
Sulphur is fungicide and a constituent of gun powder

How Do Metals and Non-metals Combine with Each Other

(Formation of ionic bond): As metal atoms have 1, 2 or 3 electrons in their valence shell, they can
lose these electrons easily to acquire the stable nearest noble gas configuration. On the other hand, non-
metal atorns generally have 3, 6 or 7 electrons in their outermost shell, they can gain 3, 2, or 1 electron
to acquire the stable nearest noble gas configuration. The metal atom which loses the electrons becomes
a positive ion and non-metal atom which gains electrons becomes a negative ion and for this reason the
bond formed between them is called ionic bond or electrovalent bond.

A chemical bond formed between two atoms by complete transference of electrons from one atom
ta another so as to complete their octets and hence acquire the stable nearest noble gas configuration is
called ionic bond or electrovalent bond. The number of electrons lost or gained by the atom is called its
electrovalency. The compounds thus formed are called ionic compounds or electrovalent compounds.

For example:

Formation of sodium chloride
Atomic number of sodium (Na) = 11
Its electronic configuration is 2, 8, 1.

It has only one electron in the valence shell. It loses this electron to acquire the stable electronic
configuration 2, 8 and form sodium ion (Na™) :
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MNa —* Na'+e -
2,8, 1 2,8

{ Hesblusrm gation )

Atomic number of chloride (C]) =
Its electronic configuration =2, 8, 7
It has 7 electrons in the valence shell. Tt gains an electron to acquire the stable electronic
configuration 2, 8, 8 and form chloride ion (C1) :

;E l? 7 ‘:_ = l.l.a-whl;n;t ALY
Thus when a sodium atom and a chlorine atom approach each other, an electron is transferred
from sodium atom to chorine atom. These oppositely charged ions are then held together by

electrostatic forces of attraction forming the compound Na* Cl- or NaCL

-‘/—\!K %K L
Na + SCIX ——5 Na'| JCIX | orNaCI
X}( XX

Sodium Chirorine
atom atom

(2,8 1) 8,1

Formation of potassium chloride
Can also be represented in a similar manner.

éﬂﬁx\c

X

Sodium chioride

L =
- JSRBSSISTSI [ECI:] or KCi
W

b
Potassium  Chlrorine Potassium  Chloride ion
atomn atom ion (2,8, 8)
(2.8,8,1) (287 (2,8,8)

L_____\/___J

{Potassium chioride)

Formation of magnesium chloride

T Nk
x
Mg xCl % : o
XN Mg" R
oy xCiX
\xl ["x:x] WMQCE
X
“Ici % =
Magnesium [ Cl x:[
ion XX
(2, 8)
Chioride ions
(2,8, 8)
L A
-

{Magnesium chloride)
Atomic number of magnesium (Mg) = '
Its electronic configuration =2, 8, 2
It loses 2 electrons from the valence shell to acquire the nearest noblegas configuration and
form Mg ion.
Atomic number of chlorine {Cl} =17
Its electronic configuration=2, 8, 7
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It needs to gain only one electron in the valence shell to acquire the necarest noble gas
configuration and form chloride ion (CI7). Therefore two chlorine atoms will be required to
accept two electrons, one by each chlorine atom.

Properties of Ionic Compounds
1. Physical state: Most of the ionic compounds are crystalline solids. They are relatively hard
because of strong electrostatic forces of atiraction between the oppositely charged ions. They
are brittle and break into pieces on applying force.

2. Solubility: They are soluble in water but insoluble in nrganic solvents like benzene, alcohol,
ether, chloroform etc.

3. Melting and boiling points: They have high melting and boiling points. This is becanse a
considerable amount of the energy is required to break to the strong inter-ionic attraction.

4. Colour in the flame: They import a characteristics colour to the flarme.

5. Electrical conductivity: They conduct electricity in aqueous solution or in the molten state
because free ions are present. In solid state ionic compounds do not conduct electricity.

6. lonic reactions: They show ionic reactions which are very fast.

A"+ NO; (ag) + Na'Cl {aq}—rhgt‘l (s) + Na"NO; (ag)

Siver {Sodems chincids Silver chlorids Sexdium |-|||n||_
(pptl

Occurrence of Metals
The major source of metals (whether in the free state or in the combined state) is the earth’s curst. Some
metals (Na, K) which form soluble salts like NaCl, MgCl, ete., are also found to occur in the sea water
in the form of their soluble salts.

The most abundant metal on the earth’s crust is aluminium followed by iron, calcium, sodium,

potassium, magnesium and titanium. The remaining metals are present on the earth’s crust in very small
amounts.

The elementary state of the compounds in the form of which the metals oceur in nature are
called minerals. When they are mined from the earth’s crust, they are always contaminated with earthy,
sandy and rocky impurities. These earth’s sandy and rocky impurities associated with the mineral
are called gangue or matrix.

The mineral from which the metal can be extracted conveniently and economically is called an ore.
Thus all ores are minerals bult all minerals are not ores.

Depending upon the reactivity, the occurrence of metals in the activity series may be represented
as shown:

K
Ca
Na ¢ Highly reactive metals never found in the free state

Metals above |al
hydrogen | zn

Metals below Mi ; Moderetaly reactive metals found int he combined state

hydrogen
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Cu
Ag
Pt

An

Less reactive metal

Found in the free state,

Occurrence of Metals in the Activity Series
The ores of some common metals are given below:

L

1. Sodium (Na) Rock salt Sodium chloride NaCl
2. Calcium (Ca) Dolomite Calcium magnesium CaCO, MgCO,
carbonate
3. Aluminium (Al) Bauxite Aluminium oxide ALO,2H0O
4. Copper (Cu) (i) Cuprite Copper (1) oxide Cu,0
(Ruby copper)
(ii) Copper glance | Copper (1) sulphide Cu,8
. (iii) Copper pyrites | copper iron sulphide CuFeS,
5. Iron (Fe) (i) Iron pyrites Iron sulphide Fe§,
(ii) Haematite Iron (ITT) oxide Fe O,
6. Zinc (Zn) (i) Zinc blende Zinc sulphide ZnS
(ii} Calamine Zinc carbonate ZnCO,
7. Mercury (Hg) Cinnabar Mercury (II) sulphide HgS
8. Silver (Ag) Argentite
(Silver glance) ‘Silver sulphide Ag,S
9. Lead (Pb) Galena Lead sulphide PbS

Extraction of Metals (Metallurgy)
Getting metal out of the ore is called extraction of the metal.
“The various steps involved in the extraction of the metal from its ores followed by refining of the

metal is called metallurgy’.

The three main steps involved in the extraction of any metal are:
1. Enrichment or concentration of the ore.
2. Extraction of the metal from the concentrated ore.
3. Refining of the impure metal.
Enrichment or Concentration of the Ore

The ore extracted from earth’contains impurities like sand, stone, saw dust etc. Depending open the
nature of ore and the impurities present any one of the following methods can be used.
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(i) Gravity separation or Hydraulic washing: This method is used when the ore particles are

(ii)

(iii)

heavier than the impurities. The powdered ore is placed over a wooden inclined table. It is then
sprayed with a stream of water which carries away the lighter impurities with it. The heavier
ores are left behind on the wooden table,

Operating Principle Feed chute  Belt pressure control wheet
: Water throug

Head pulley Tail pulley
Endless convevor belt . \
Gravel product/sand lmugh_:d berween head Adjustablerollers  pine sand separution wad
prodect with minimal  #0d tail pulleys trash material in slharry

water content
' Fig. 8.1 Hydroulic washing system
Froth floatation process: This method is used for the concentration of sulphide ores. The
powdered ore is mixed and agitated strongly and froth is produced. The sulphide ore particles

are preferentially weted by the forth and ore carried to the surface while the impurities settles
at the bottom, The forth is removed and washed and then the we get the concentrated ore.

Froth bubbles contg,
sulphide ore particles

Tank

Water + Pine oil

Gangue

Fig: 8.2 Froth Apatation process
Electromagnetic separation: This method is used when either ore or the impurity is magnetic.
It is carried on a conveyor belt moving on two rollers one of which is magnetic. As the ores falls
down from the magnetic roller, the magnetic particles of the ore and the non magnetic particles
take up two different position and are collected in two heaps.
Finely Powdered ore

Electromagnetic Roller

Maon-magnetic Roller

Mon-magnetic

Particles \ B

Fig: 8.3 Electromagnetic separation
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(iv) Chemical separation: This method is based upon the difference in the chemical rraactivi'ty of
the ore and the gangue towards a particular reagent. For example : bauxite (AL,.0,2 H,0), an
ore of aluminium, contains the impurities of iron (I1I) oxide Fe, O, and sand, i.e. s:hca (510,).
Pure alumina is obtained from the ore by Baeyer’s method as fﬂliuws
For concentrating bauxite ore the powered ore is mixed with hot and concentrated solution of sodium
hydroxide. The ore forms soluble sodium metal aluminate, while the impurities remains insoluble which
is filtered and removed.

ALO, (s) + 2NaOH(aq) — ENaiC', {aq} + H,0()
Sodmmmer -aly

Adsminipm exite
(P caml in o nre) [Wiwhlu'h::

§i0, + 2NaDH — Na,5i0; + H,0
= Sulibm silicom

Silkea H
APresent s e anch { Water splibilke]

The filtrate is then hydrolysed to get aluminium hydroxide precipitate.
NaAlO, (ag)+2H,O0()— Al (E‘JH}., (S) + NaOH (aq)

Soh.lum:hmnul Ala i s bydrus
.l

This precipitate is filtered and dried and then heated strongly to get alumina.

2 Al(OH), —EBON_, o) 6, 4 3H,0 ()

Alumms Waler vapoar

Extraction of the Metal from the Concentrated Ore
The method used depends upon the nature of metal to be extracted. Based on their reactivity, the metals
have been grouped into the following three categories:
1. Metals of low reactivity
2. Metals of middle reactivity
3. Metals of high reactivity
1. Metals of low reactivity (Cu, Ag, Hg, Pt, Au): The oxides are reduced to metals by heating alone.
Thus, the only steps needed is roasting the sulphide ore, i.e., heating the ore strongly in the presence
of excess of air. As a result the sulphide is first converted sulphurdioxdide into and then reduced to
the metal.

For example: 2HES(s) +30,(8) —1, 2 HgO(s)+ 250, (g)
lto;r: ;vawllu] MU amde Sulplnedicaida

2HEO(s) — s 2Hg (H+ O, ()

Mescury Chygen

2. Metals of middle reactivity (Fe, Zn, Ph, etc.): These occur in nature as oxide, carbonates or
sulphides. Thus the different steps involved for the extraction of the metal from the concentrated
ore are as follows:

(a) Conversion of the carbonate or sulphide ore into metal oxide: This is done by either of the
following two methods:
(i) Calcination (for carbonate ores): It is the process of heating the ore strongly in the
absence of air. The metal carbonate decomposes to form metal oxide. For example:

ZnCO, (s) i "
: e+ £00(s) + CO,(g)

Hiac tarboaae
(Tt mine—ooe ol In)
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(ii) Roasting (for sulphide ores): It is the process of heating the ore strongly in the presence
of excess of air. As a result, the sulphide ore is converted into metal oxide. For example,

27nS(s) +30, (g) Heat + 2 Zn0 (5) + 250, (g)
Zine sidphide Framair Pr ESEI‘H:E . of excess of air [Epeewide)  Sulphe disde
{¥ine Benda—meal In)

(b) Reduction of the metal oxide to metal: As these metals are moderately reactive, their oxides
cannot be reduced by heating alone. Hence their oxides are reduced to metals by using a suitable
reducing agent, Such as:

(i) Reduction of heating with carbon: Oxides of iron and zinc are reduced to their respective
metals by heating with coke.
Fe,0, (s)+3 C {3‘) Heat 2 I"t:J (s3+ 3CO{g)

Femic oxide —— Carhan mands
Zo0(s}+C(s) Heat Zn(s)+ CO(g)
Jnt aanle — Tim Carban manciny

Carbon monoxide formed also act as reducing agent and further reduces the metal oxide to
metal.

Fe,0, ()4 3C0(g) —0o2, ope, - (5)+3C0,(2)

Cartan momexise Cabos disdide

ZnO(s)+ CO(g) —o% , 7n(s) + CO,

Dot dfuride

Note: The reduction of metal oxides by heating with coke is called smelting:

(ii) Reduction by heating with aluminium: Reduction of MnO,, Cr,0, etc., is done by
heating with more active metals like Na, K, Al. The reduction are d:splaccmmt reactions
and highly exothermic.

IMnO, (s)+ 4 Al(s) _Heat | 3 (42 ALO, (5)

Mugansa disside A‘I:“.-nlmirr.u]n M;frr:kp: Al minaim axids
“ : Heat
CoO(s)+ 2A1 —— 4 2 Cr(l) + ALO,(s)
Chmmwmnsile  Alussin iem Clrtmim .-.|nm......nm.g
{peeder) Il

Reduction of Fe O, with Al is called thermite reaction,

Fe O, (5)+2 ,-'ﬂ (5} lgnited 2 Fry (8) +ALO(s)

Yroew| W) eraiehy A > Ir=m (et

The reduction of metal oxides to metal using aluminium as the reducing agent is called
alominothermy.

Note: The above reactions are displacement reactions as the more active aluminium
displaces the less active metals like Mn, Cr and Fe from their oxides.

3. Extraction of metals present high up in the activity series (K, Ca, Na, Mg and Al): The
highly reactive metals cannot be obtained by reduction of their oxides by heating with carbon
or aluminium. This is because these highly reactive metals have greater affinity for oxygzen than
for carbon or aluminum. Hence, these metals are obtained by the electrolysis of their molten or
tused oxides or chlorides. The method is called “electrolytic reduction’. For example: Sodium, -
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magnesium and calcium are obtained by the electrolysis of their molten chlorides. The metals ore
deposited at the cathode (the negatively charged electrode) whereas, chlorine is liberated at the
anode (the positively charge electrode). The reactions are

TR — Reduction
At Gaﬂlﬂdﬂ: (sndI:EIu} i |elE-u:'m;| — !ml;‘i{"ﬂh
At anode: iy Sdsinn ClL+2e

Similarly, aluminium is obtained by the electrolytic reduction of aluminium oxide:

At cathode: AP (1) 43¢ —REdUCHOD | 4riy
At anode: L B o)
0@ +0®) —> 0:()
e s Ehaygen gas
Refining of Impure Metals

The metal obtained above contains a number of impurities. It is called erude metal. The method
of refining (purifying) depends upon the nature of the metal and the nature of impurities. The most
common method is electrolytic refining. Impure metal is made the anode, pure metal sheet is made the
cathode and water saluble salt of the metal is taken in the electrolytic tank (bath). Pure metal dissolve
from the anode and deposited on the cathode impurities fall below the anode as ‘anode mud’.

Electrolytic refining of copper: The black of the impure copper is made the anode. A thin plate of
pure copper is made the cathode. A solution of copper sulphate acidified with dilute sulphuric acid is
taken as the electrolyte in the electrolytic bath (or a tank). On passing electric current, pure copper from
the anode passes into the solution as Cu®" ions. An equivalent amount of Cu™ ions from the solution are
deposited on the cathode as pure copper.

At anode: Cu(s) — Cu™ (aq)+2e
(i appor shom ) (Copper koas)
) Fg .
At cathode: ?&wﬁi{i} o |L'np1::;umu-n:
trom sluthes

The soluble impurities go into the solution, whereas, the insoluble impurities settle down at the
bottom of the anode are known as anode mud.
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To sum up the method used and the steps applied for the extraction of different types of metals
follow the chart given below:

Ore
Concentration of ore

' ' 3

Metals of high Metals of medium Metals of low
reactivity _ reactivity reactivity
| l
l ; | u,
Electrolysis of Oxide Carbonate Sulphide- Sulphide
molten ore ore ore ore ore
l l l l !
Pure metal reduction calcination roasting roasting
lo metal l ' l l l
Refining Oxide of Oxide of metal
(Purification metal metal
of metal) l l
Reduction to Reduction to Refining of
metal metal of metal
Refining of Refining of
metal metal

Steps involved in the extraction of metals from ores

Corrosion: The process of slowly eating up of metals due to their conversion into oxides, carbonates,
. sulphides, sulphates, etc. by the action of atmospheric gases and moisture is called corrosion. When
the corrosion takes place on iron then it is called rusting. Rusting occurs only in presence of air and
moistures. It is an electrochemical process in which different parts of the iron surface acts as electrodes
in a cell reaction. At the anode, iron atoms dissolve as Fe?* ions. Rust is mainly hydrated ferric oxide

(Fe,0, xH,0).
5 2Fe(s)+3/20, () +xH,0 () —— Fe, 0, xH.0 (s}
from Cisypen T £ H,dnrrf“m enhle
Feam mais uir

Conditions necessary for rusting of iron:
The two conditions which are necessary for rusting of iron are:
(1) Presence of air (or oxygen) and
(ii) Presence of water vapour {or moisture)
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Prevention of rusting: The rusting of iron can be prevented by:
(iy By painting: Corrosion of metallic surface can be prevented by painting a layer of varnish and
other paints. )
These paint prevents the reaction of metals with the air and moistures in the atmosphere.
(ii) By oiling and greasing: When-a thin film of grease or oil is applied to the surface of an iron
object, the moisture and air cannot come in contact with it and hence resulting it prevented.
(iii) Galvanization: Galvanizaton iz a method of protecting steel and iron from rusting by coating
them with a thin layer of zinc. The galavanized article is protected against rusting even if the
zinc corting is broken. This is because zinc is more reactive than iron.
(vi) Electroplating: By coating, a large amount of non reactive mefals, we can prevent the metals
from corrosion.
(v) By alloying: We can prevent corrosion by making alloys with non reactive metals.
Note: ;
1. A common metal which is highly resistant to corrosion is aluminiom
2. Carbon constitutes the second most abundant element in the human body. Together with oxygen
and hydrogen, it accounts for 93% of the body's mass.
Alloys: An alloy may be defined as a homogenous mixture of two or more metals, or a metal and a
non metal. If one of the metals is mercury, the alloy is called an amalgam.
An alloy is usually prepared by first melting the main metal and then dissolving the other elements
in it in a definite proportions. It is then cooled to room temperature.

Types of alloys:
1. Ferrous alleys: An alloys in which iron is present as one of the constituents is called a ferrous
alloy.

For example: Manganese steel (Fe = 86%: Mn = 13%.C = 1%)
Mickel steel (Fe=96—98%. Ni=4-2%)
2. Non ferrous alloys: In which iron is not present as one of the constituents.
For example: Brass (Cu = 80%), Zn = 20%)
Bronze (Cu = 90%), Sn = 10%:)
3. Amalgams: An alloy containing mercury as one of the constituent metal is known as amalgam.
For example: Sodium amalgam, zinc amalgam elc.
Objective of alloy making: The main objectives of alloy making are:
(1} To increase hardness
(ii) To increase tensile strength
(iii) To increase resistance to corrosion
(iv) To lower melting point
(v) To modify chemical reactivity
{(vi) To reduce electrical conductivity
(vil) To produce good eosting and
(viii) To modify colour.
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Note:

Purity of gold is expressed in carats. Pure gold is 24 carat. It is very soft and is therefore, not
suitable for making jewellery. To make it hard, it is alloyed either with copper or silver,

In India generally 22 carat gold is used for making ornaments. This means 22 parts by weight of
pure gold is alloyed with 2 parts by weight of either copper or silver.

Some common alloys with their composition

|

B3

o N AW

LU X

L

NN

Steel (Iron-99.-95%, Carbon — 0.05%)

Stainless (Iron-74%, Chromium — 18%, Nickel — 8%)

Brass (Copper — 80%, Zinc-20%)

Bronze (Copper-90%, Tin-10%)

German silver (does not contain silver) (Copper-60%, Zinc — 20%, Nickel-20%)
Duralumin (A1-95%, Cu-4%, Mg-0.5%. Mn-0.5%)

Magnalium [Al-95%, Mg - 5%]

Aluminium Bronze [Al-95%, Cu— 5%]

Bronze Solder [Lead-5%, Tin— 50%)

Key Points

Elements can be classified as metals and non-metals

Metals are lustrous, ductile and are good conductors of heat and electricity. They are solids at
room temperature, except mercury which is a liquid.

MNon-metals have properties opposite to that of metals.

Metals can form positive ions by losing electrons to non-metals

No metals form negatively charged ions by gaining electrons.

Metals forms oxide which are basic in nature, Aluminium oxide and zine oxide show the
properties of both basic as well as acidic oxides. These oxides are known as amphoteric oxides.
Non-metals form oxides which are either acidic or neutral.

A list of common metals arranged in order of their decreasing reactivity is known as an activity
SEries, '

A more reactive metal displaces a less reactive metal from its salt solution
The extraction of metals from their ores and then refining them for use is known as metallurgy.

The slow decomposition of metallic surface when left exposed to air and moistures is called
COTTOSION. :
An alloy is a2 homogeneous mixture of two or more metals or a metal and & non-metal
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10.

Multiple Choice Questions

Which of the following property is generally not shown by metals ?
(a) Electrical conduction (b} Dullness
(¢} Sonorous in nature {d) Ductility
Which of the following statement is not correct?

(a) All metals are solids at room temperature

(b) All metals-passes lusture when freshly prepared

(c) All metals from basic oxides

(d) All metals are good conductor of heat and electricity

The best conductor of electricity is

{a) Copper. (b)Y Silver

(¢} Aluminium (d) All one equal

Which of the following ore cannot be concentrated by electromagnetic separation ?
{a) Chromite (b} Cuprite

{¢) Magnetite (d) Pyrolusite

Aluminium is used for making cooking utensils Which of the following properties of aluminium
- are responsible for the same 7

(i) Good thermal conductivity
(i1} Good electrical conductivity

(iii) Ductility

(1v) High melting point

{a) (i) and (ii) {(b) (i) and (iui)

(c) (i) and (iv) {d) (ii) and (iv)

Cinnabar is an ore of

(a) Calcium (b) Zinc

(c) Mercury (d) Copper

Safety fuse wire is made of

{a) Platinum (b) Silver

{c) Copper (d) Alloy of lin and lead
All ores are minerals but all mineral are not

{a) Compounds (b) Suspensions

{c) Ores (d) Mixtures

When aluminium is added to sodium hydroxide solution

(a) Oxygen is evolved () Hydrogen is produced
(c) Water is produced i (d) No reaction takes place
The correct order of electrical conductivity is .

(a) Al>Cu>Au>Ag (b) Ag>Cu>Au>Al
(c) Cu=Ag>Al>Au (d) Au=Ag>=Al>Cu
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11. Which of the following metal forms amphateric oxide?
(a) Copper (b) Silver
- () Aluminium ~ (d) Iron
12. Beakers A, B and C contain zinc sulphate, silver nitrate and iron (II) sulphate solutions, respectively,
copper pieces are added to each beaker. Blue colour will appear in case of
(a) Beaker A (b) Beaker B
{c) Beaker C {d) All the beakers

13. Match the entries of column I with appropriate entries of column I1

(1) Aluminium {A) Calamin
(i) Iron (B) Dolimite
(iii) Lead (C) Cinnabar
(iv) Mercury (D) Haematite
(v) Zinc (E) Galena
(vi) Calcium (F) Bouxite

(a) (i) — F, (i) — D, (iii) — (E) (iv) — (C), (v) — A, (vi) — {B)
(b) (i) — D, {ii) — A, (1it) — (B) (iv) — (E), (v) = F, (vi) =+ (C) .
(c) (i)— B, (i) — C. (i) — (E) (iv) — (A) (v) = D, (vi) — (F)
(@) () — C, (i) — D, (iii) — (A) (iv) — (B), (v) — F. (vi) — (E)
14, Which of the following oxide cannot be reduced with carbon to obtain the metal ?

(a) MnO, (b) ALO,
(e) Cr,0, (d) All of these
15, 18 carat gold contains
(a) 5% gold (b) 75% gold
{c) 18% gold : (d) 60% gold
16, Which of the following are not ionic compounds ?
(i) KCi (i) HCI
(ii1) CCl, (iv) NaCl
{(a) (i) and (i1) {b) (i) and (iii)
(c) (iii) and (iv) {d) (i) and (iii)
17. The composition of aqua regia is
{a) Dil HCI : Cone HNO,
3 1
{(b) Conc HCI : Dil HNO,
3 : 1
{c) Conc HCI z Conc HNO,
3 : 1
(d) Dil HCI : Dil HNO,
3 : |
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18.

19.

20.

2k

22

23.

24,

25,

26.

What happens when calcium is treated with water 7

(i) It does not react with water

{11) It reacts violently with water

{iii) It reacts less violently with water

{iv) Bubbles of hydrogen gas formed stick to the surface of caleium

{a) {i) and (iv)" (b} (ii) and (1i1)

{c) (iii) and (iv) ' {d) (i) and (i1}

Which one of the following metals does not react with cold as well as hot water 7
(a) Na (b) Mg

{c} Ca (d) Fe

Generally metals react with acids to give salt and hydrogen gas. Which of the following acids does
not give hydrogen gas on reacting with metals (except Mn and Mg) ?

(a) HC1 (b) H,S0,

(c) HNO, {d} All of these

Which one of the following four metals would be displaced from the solution of its salts by other
three metals ?

(8) Ag (b) Cu

(c) Mg (d) Zn

An alloy is

{a) An element {b) A compound

{c) A homogeneous mixture {d) A heterogeneous mixture

Which of the following oxide(s) of iron would be obtained on prolonged reaction of iron with
steam 7

{(a) FeO (b) Fe,0,

(c} Fe,0, (d) Fe,O, and Fe,0,
The most abundant metal on the earth’s crust is

{(a) Copper (b) Zinc

{c} Alumininm (d) Iron

When a sample of copper containing iron as impurity is purified by electrolysis, the appropriate
electrodes are cathode Anode:

(a) Pure iron pure copper (b) Impure sample pure copper _
{c} Impure iron impure sample (d) Pure copper impure sample
Which of the following metals exist in their native state

(i) Cu (i) Au

(1i1) Zn {iv)Ag

(a) (ii) and (iv) (b) (i) and (ii1}

(e} (iii) and (iv) : (d) (ii) and (ii)
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27

28.

29,

30,

3l.

32

33.

34,

Match the entries of column I with entries of column 11

i

(i) Iron from haematite _ (A) Froth floation

(if) Copper from copper glance (B) Gravity separation
(iii) Aluminium from bauxite (C) Chemical separation
(iv) Chromium from chromite ore (D) Hydraulic washing

(a) (i) — (B), (1) — (A), (iii) — (D) (iv) — (C)
(B) (i) — (C), (i) — (D), (ii1) — (A) (iv) — (B)
() (1) — (D), (ii) — (A), (i) — (C) (iv) — (B)
(d) (1) — (B), (i) — (C), (iii) — (D) (iv) — (A)

Silver articles become black on prolonged exposure to air. This is due to the formation

(a) AgN (b) AgS
(c) Ag,0 (d) Ag,Sand AgN
Galvanization is a method of protecting iron from rusting by coating with thin layer of
(a) Zinc (b) Silver

(c} Galium {d) Aluminium

If copper is kept open in air, it slowly losses its shining brown surface and gains a green coating. I

is due to the formation of

(a) CuO (b) CuSO,
(c) CuCO, (d) Cu(NO,),

Which of the following metals arc obtained by electrolysis of their chloride in moeten state?
{a) Na : (b) Ca

(c) Fe (d) Cu

(a) (i) and (iv) (b) (i) and (ii)

{c) (i) and (iii) (d) (ii1) and (iv)

During electrolytic refining of zinc, it gets
(a) Deposited on anode

(b) Deposited on cathode

{e) Deposited on cathode as well as anode
(d) Remains in the solution

An element A is soft and can be cut with a knife, This is very reactive to air and cannot to kept open

in air. It reacts vigorously with water. Identify the element from the following

(a) Ca (b) P

(c) Na (d) Mg

(e) Fe

An electrolytic cell consists of

(i) Positively charged cathode (i) Negatively charged anode
(iii) Positively charged anode (iv) Negatively charged cathode
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35

36.

L.

38

39.

. (a) Cathode

(a) (1) and (i) (b) (i) and (iii)
(¢) (ii) and (iii) (d) (iif) and (iv)

Generally, metals are solid in nature. Which one of the following metals is found in liquid state at

room temperature ? .
{a) Na {b) Cr
(c) Hg - (d) Fe

Alloys are homogeneous mixtures of a metal with a metal or non-metal, which among the following

alloys contain non-metal as one of its constituents ?

(a) Bronze (b} Brass
() Steel (d) Amalgam
Electrical wires have a coating of an insulating material. The material generally used is
(a) Sulphur (b) PVC
() Graphite (d) All can be used
Which of the following can undergo a chemical reaction ?
(a) MgSO, + Fe (b) MgSO, + Pb
(c) ZnSO, + Fe (d) CuS0O, +Fe

Which one of the following figures correctly describes the process of electrolytic refining ?

Acidified
Cus0, solution

Anode

Impurities

(b) Anode 4—— Cathode

Acidified
Cus0, solution

Impurities

{{;] Cathode —i
— Anode

Acidifiad Cu30, salution

Impurities

(d) Cathode Ancde

Acidified CuS0O, solution

Impurities
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4.

41.

42,

43.

Which among the following statements is incorrect for magnesium metal ?

(a) It bumns in oxygen with dazzling white flame.

(b) it reacts with cold water to form magnesium oxide and evolves hydrogen gas.

(¢) Itreacts with steam to form magnesium hydroxide and evolves hydrogen gas.

(d) It reacts with hot water to form magnesium hydroxide and evolves hydrogen gas.

Two ml each of concentrated HC], HNO, and mixture of concentrated HCI and concentrated HNO,
in the ratio of 3 : 1 were taken in test tubes labelled as A, B and C. A small piece of metal was put
in each test tube. No change occurred in test tubes A and B but the metal got dissolved in test tube
C. The metal could be. ;

(a) Au ' (b) Al

{c) Pt {d) Cu

Reaction between X and Y forms compound Z. X loses electron and Y gains electron. Which of the
following properties is not shown by Z 7

(a) Has low melting point

(b) Has high melting point

(e} Occurs as solid

(d) Conducts electricity in molten state

The electronic configuration of three elements X, Y and Z are X—2,8; Y—2,8, Tand Z—2, 8, 2
which of the following is correct ?

(a) X is metal

{b) Y is a metal

(¢} Z is a non-metal

(d) Y is a non-metal and Z is a metal

Although metals forms basic oxides, which of the following metals form an amphoteric oxide ?

() Na (b) Cu
(c) Ca (d) Al
Answer Key

1.(b) 2(2) 3.() 4() 5() 6() 7 8@ 90 10.(b)
1L.(c) 12.(b) 13.(a) 14.(d) 15.(b) 16.(b) 17.(c) 18 (c) 19.(d) 20.(c)
21.(b) 22.(c) 23.(c) 24.(c) 25.(d) 26.(2) 27.(c) 28.(b) 29.(2) 30.(c)
31.(b) 32.(b) 33.(c) 34.(d) 35.(c) 36.(c) 3T.(b) 3B.(d) 39.(c) 40.(b)
41.(c) 42.(a) 43.(d) 44.(d)
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Hints and Solutions

16. (b)
HCl and CCl, are covalent compounds.

19. (d)
Fe does not react with cold as well as hot
water. It reacts only with steam.

20. (¢)
HON, is oxidising agent. It oxidzes metal
to metal oxide which further dissolves in
HNO, to form metal nitrate and HNO, itself
is reduced to NO, or NO or NO depending
upon the nature of the metal and concentration
of acid. Mn and Mg are the only metals which
react with dilute of HNO, to produce H, gas.

21. (b)
Out of the given metals, copper is least
reactive and hence will be displaced from its
salt solution by other metals.

26. (a)
Being least reactive, gold (Au) and silver (Ag)
are found in the native state

28. (b)
H_S gas of the air attacks silver to form a layer
of black Ag,S.

30. (c)
The green coating is due to the formation of
basic copper carbonate CuCO,.Cu(OH),.
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38. (d)
Fe is more reactive than Cu and hence can
displace Cu from CuSO, solution.
(c)
Cathode is the electrode connected to the
negative (—) terminal of the battery while
anode is the electrode connected to the positive
(+) terminal of the battery. Cu®* ions from the
solution are deposited on the cathode while Cu
from impure anode dissolves into the solution
and the impurities fall below anode as anode
mud. '
40. (b)
Mg does not react with cold water.
41.(a, ©)
An and Pt do not react with conc HCI or conc
HNO, but dissolves in a mixture of conc. HCI and
corc. HNO, in the ratio 3 :1 called aqua-regia)
42. (a)
As X loses electron and Y gains electron to
form Z. Hence, Z is an ionic compound Tonic
compounds have high melting points.

44, (d)
Al forms an amphoteric oxide with formula
AL©O,. Tt can react with acid as well as base.

39.
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9, Carbon and Its Compounds

Learning Objectives
* Covalent Bonding in Carbon Compounds
* Carbon always forms covalent bonds
* Carbon 1s Letravalent
* Carbon tetrachedral
* Types of covalent bonds and its examples
* Properties of covalent compounds
* Allotropic Forms of Carbon
* Diamond, Graphite and Fullerenes
* Versatile Nature of Carbon
* Organic Compounds
* vital force theory
* Wohler's systhesis
" Saturared and Unsaturated Carbon Compounds
* Reactivity of satured and unsatured carbon compounds
* Chain, branches and rings compounds
Functional Groups
* Homologus Series and its Characteristics
* Nomenclature of Organic Compounds
* Chemical Properties of Organic Compound
* Ethanol and its Properties and Uses
* Ethanoic Acid and its Chemical Properties
Soaps and Detergents

One of the most important non-metal is carbon having the symbol C. It is very important for us both in
the element form and in the combined form.

The amount of carbon present in the earth’s crust and in the atmosphere is quite meager. The earth's
crust has only 0.02% carbon in the form of minerals (such as carbonate, hydrogen carbonates, coal and
petroleum) and atmosphere has 0.03% carbon dioxide. In spite of this small amount of carbon available
in nature, carbon compounds play an cxtremely important role in our lives,

Covalent Bonding in Carbon Compounds

In the previous chapter, we have studied some properties of the ionic compounds. There we have stated
that ienic compounds have high melting and boiling points and conduct electricity in aqueous
solutions as well as in the molten (or fused) state, All these properties were explamed on the basis of
nature of bonding in ionic compounds,
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Properties of some carbon compounds:
Meiting points and boiling points of some compounds of carbon

CHCI,
Methane CH

4

Acetic acid CHJCDDH

From the above table, it is clear that the melting and boiling point of carbon compounds are very
low. '

This is due to the reason that the force of attraction between the molecules of these compounds
are not strong. Further, most of the carbon compounds are poor or non conductor of electricity. This
means that the bonding in these compounds is such that it does not lead to the formation of ions.

Carbon Always forms Covalent Bonds
Valency or the combined capacity of an element depends upon the number of valence (i.e., electrons

present in the outer—most shell). The atomic number of the carbon is 6. So, its electronic configuration

. Kk L
B 5 ks

Reactivity of any element depends upon how easily it can completely fill its outermost shell and
thus attain the stable electronic configuration of the nearest noble or inert gas. Elements forming ionic
compounds achieve the noble gas configuration either by (outermost shell) losing or gaining electrons
from the outermost shell, Now carbon has four electrons in its valence shell ie., L shell. Therefore, it
should either lose or gain 4 electrons to achieve the noble gas configuration and become stable. However,
it is difficult for carbon to gain or loose four electrons because of the following reasons:

(a) It cannot gain 4 electrons to form C" ions having neon gas (2, 8) configuration because this
cation would be highly unstable due to the large amount of energy required to overcome the
force of repulsion between the four electrons being added and the six electrons already present
in the carbon atom.

(b} It cannot lose 4 electrons to form C* ions having helium gas (2) configuration because this
anion would be highly unstable due to the large amount of energy required to remove four
electrons from the carbon atom.

Thus, carbon can neither gain nor lose 4 electrons to acquire the nearest noble gas configuration.
To overcome this problem carbon can acquire the nearest noble gas configuration is by sharing
of its valence electrons with electrons of other carbon atoms or atoms of other elements.
Such bonds which are formed by mutual sharing of elecirons between two atoms are
called covalent bonds. Thus, covalent bond can be explained as below:

‘A chemical bond formed between two atoms by mutual sharing of valence electrons between
these two atoms so that each atom acquires the stable electronic configuration of the nearest
noble gas is called a covalent bond and the number of electrons contributed by each atom for
sharing is known as its covalency and the compounds formed by sharing of electrons are called
covalent compounds.”
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Carbon is Tetrahedral
Dutch scientist, J. Van’t Hoff and French scientist C. Le Bell both are directed towards the four corners
of a regular tetrahedran Independently in 1874 pointed out that the four valencies of carbon do not lie
in a plane, but are directed towards the four corners of a regular tetrahedran. ‘In other words, carbon
15 Tetrahedral. The angle between any two adjacent valencies is 109°-28