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Physics 

1. Units & Measurement 

Unit: The fixed part of a Physical quantity by dint 
of which comparison could be made of the 
magnitudes of the same quantity contained in 
different substances is termed as a unit. 

 
The units of three quantities viz mass, length and 
time are called fundamental units because all 
physical qualities can be expressed in terms of 
mass, length and time and remaining all units are 
called derived units. 

 
Fundamental Units  
Metre (m) : 1 metre is equal to the length of the path 
travelled by light in vacuum in  
1 / 2 99792458 of a second where speed of light is 
299792458 m / s. Recently, the definition of 1 metre 
of length is realized by using the iodine stabilized helium 
neon lasers. 

Kilogram (kg) : A standard block of Platinum Iridium 
alloy preserved in the International Bureau of Weights 
& Measures at Sevres, near Paris, France is used as a 
prototype of unit of mass and one kilogram is equal to 
the mass of this alloy. 
Second (s) : The definition of second is based on an 
atomic clock which works on energy radiation from an 
isotope of caesium (Cs-133). One second is equal to the 
duration of 9, 192, 631, 770 periods of radiation 

corresponding to unperturbed transition between the 
two specific energy levels of the ground gaseous state 
of Cs- 133 isotope. The cesium atoms in the atomic 
clock act like a pendulum in a pendulum clock. The 
atomic clock gives the most accurate time with an error 
of 1 second only in 5000 years. 

Important Units 
 

Quantity Unit Symbol 

Acceleration Meter/second2 m/s2 

Area Meter2 m2 

Volume Meter3 m3 

Velocity Meter/second m/s 

Force 
Kilogram 

meter/second2 
Newton 

Density Kilogram/meter3 Kg/m3 
 
 

2. Kinematics 

Distance 

Distance is the length of actual path covered by a 
moving object in a given time interval. Distance is a 
scalar quantity whereas Displacement is a vector 
quantity both having the same unit. 

Displacement 
• The difference between the final and the initial 

position of an object is called displacement. 

• It is a vector quantity. Its unit is metre. 

• The magnitude of displacement may or may not be 
equal to the path length traversed by an object. 

• Displacement may be positive, negative or zero 
whereas distance is always positive. 

Speed 

The average speed of a particle for a given interval of 
time is defined as the ratio of total distance travelled 
to the total time taken. 

 
Average speed = Total distance travelled /  
                            Total time taken 

• Distance travelled by the moving object in unit 
time interval is called speed. It is scalar quantity 
and its SI unit is meter/second (m/s). Velocity of 
a moving object is defined as the displacement of 
the object in the unit time interval. It is a vector 
quantity and its SI unit is meter/second. 

Speed = Distance / Time 

Velocity = Displacement/ Time 
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Uniform Velocity 

• An object is said to be moving with uniform velocity 
if it undergoes equal displacements in equal 
intervals of time. 

Relative Velocity 

When two bodies are moving in the straight line, the 

speed (or velocity) of one with respect to another is 

known as its relative speed (or velocity). 

Acceleration 

Acceleration of an object is defined as the rate of 

change of velocity of the object. It is a vector quantity 

and its SI unit is metre / second2 (m/s2). If velocity 

decreases with time then acceleration is negative and 

is called retardation. 

When the velocity of a body increases with time then 

its acceleration is negative and is called retardation or 

deceleration. 

3. Motion  

If the position of an object changes with time, it is said 
to be in motion. A particle at rest does not have the 
speed and acceleration, while a particle in motion has 
its speed and also may have some acceleration. 
 
Circular motion 

• When an object moves along a circular path, then 
its motion is called circular motion e.g., motion of a 
top etc. 

• If an object moves a long a circular path with 
uniform speed, its motion is called uniform circular 
motion. 

• It is accelerated even if speed of the body is 
constant. The motion of satellite is an accelerated 
motion. 

Angular Velocity  

The time rate of change of the angular displacement of 

a particle relative to its origin is angular velocity. 

Newton’s first law of motion 

• Everybody maintains its initial state of rest or 
motion with uniform speed on a straight line 
unless an external force acts on it. 

• First law is also called law of Galileo or law of 
inertia. 

• It gives the definition of force. 
 

Inertia 

Inertia is the property of a body by virtue of which 

the body opposes change in its initial state of rest 

or motion with uniform speed on a straight line. 

Force 

Force is that external cause which when acts on a 

body, changes or tries to change the initial state of 

the body. 

Newton’s Second Law of Motion 

• The rate of change of momentum of a body is 
directly proportional to the applied force on the 
body and takes place in the direction of force. 

• Newton’s second law gives the magnitude of force, 
i.e. Force = mass × acceleration. 

• Newton’s first law is contained in the second law. 

Newton’s Third Law of Motion 

• To every action, there is an equal and 
opposite reaction. 

• Forces act on two different bodies in opposite 
directions. 

 
Momentum 

Momentum is the property of a moving body and is 

defined as the product of mass and velocity of the 

body. It is a vector quantity. Its SI unit is kg m/s. 

Centripetal Force 

A centripetal force is a force that makes a body follow 

a curved path. Its direction is always orthogonal to the 

motion of the body and towards the fixed point of the 

instantaneous center of curvature of the path. 

Centrifugal Force 

In Newtonian mechanics, the centrifugal force is an 

inertial force that appears to act on all objects when 

viewed in a rotating frame of reference. It is 

directed
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away from an axis passing through the coordinate 

system's origin and parallel to the axis of rotation. 

If the axis of rotation passes through the 

coordinate system's origin, the centrifugal force is 

directed radially outwards from that axis. 

Moment of a Force 

Moment is the measure of the capacity or ability 

of the force to produce twisting or turning effect 

about an axis. This axis is perpendicular to the 

plane containing the line of action of the force. The 

magnitude of moment is equal to the product of 

the force and the perpendicular distance from the 

axis to the line of action of the force. 

Equilibrium 

If the resultant of all the forces acting on a body is 

zero then the body is said to be in equilibrium. 

i. Stable equilibrium: If on slight displacement 
from equilibrium position; a body has 
tendency to regain its original position, it is 
said to be in stable equilibrium. 

ii. Unstable equilibrium: If on a slight 
displacement from equilibrium position, a 
body moves in the direction of displacement 
and does not regain its original position, the 
equilibrium is said to be unstable 
equilibrium. 

 

4. Friction 

• If we slide or try to slide a body over a surface, 
the motion is resisted by a bonding between 
the body and the surface. This resistance is 
called frictional force. 

• The opposite force that comes into play when 
one body tends to move over the surface of 
another body but actually motion has yet not 
started is called static friction. 

• Friction that exists during the relative sliding or 
rolling of one surface over the other is called 
dynamic or kinetic fraction. 

• Frictional force does not depend on the area of 
contact. 

• Kinetic friction is less than static friction. 
 

 

   Types of friction 

• There are two main types of friction, static 
friction and kinetic friction. Static friction 
operates between two surfaces that aren't 
moving relative to each other, while kinetic 
friction acts between objects in motion. 

• In liquids, friction is the resistance between 
moving layers of a fluid, which is also known as 
viscosity. In general, more viscous fluids are 
thicker, so honey has more fluid friction than 
water. 

• The atoms inside a solid material can 
experience friction as well. For instance, if a 
solid block of metal gets compressed, all the 
atoms inside the material move, creating 
internal friction. 

• In nature, there are no completely frictionless 
environments: even in deep space, tiny 
particles of matter may interact, causing 
friction. 

Applications of friction 

• Friction plays an important part in many 
everyday processes. For instance, when two 
objects rub together, friction causes some of 
the energy of motion to be converted into 
heat. This is why rubbing two sticks together 
will eventually produce a fire. 

• Friction is also responsible for the wear and 
tear on bike gears and other mechanical parts. 
That's why lubricants, or liquids, are often used 
to reduce the friction — and wear and tear — 
between moving parts.  



 

©AKS IAS www.aksias.com 8448449709                6 

5. WORK AND ENERGY  

Work 

Work is a common term we use in our day to day 

conversation. Ordinarily we include standing, reading, 

lying etc. in the category of work. But in sciences 

physical work has a very specific meaning, that is, work 

is said to be done when force is applied on a body and 

the body moves through some distance in the direction 

of force. To elaborate, it implies that: 

• If a force is applied on a body and the body 
does not move then no work is done at all. 

• If no force is applied on a body and the body is 
either at rest or moving with a constant 
velocity then again, no work is done. 

• If the force and displacement are 
perpendicular to each other, the work done by 
the force is zero. 

 
Work, Force and Displacement 

Work is measured as the product of force and the 

displacement in the direction of the force. 

work = force × displacement in the direction of the 

force. 

If force and displacement are in the same direction 

you can easily find work done by finding their product. 

But if force and displacement are in different 

directions the work  done  is  obtained  by  finding  the  

product  of  force  and  the  projection  of 

displacement in the direction of the force. 

• The SI Unit of work is newton-metre (Nm) or 
joule (J). 1 J work is done when a body moves 
through a distance of 1m under a force of 1 N, 
in the direction of force. 

 

Energy and Its Relation with Work 

When you play for a long time or do a lot of physical 

work at your home or outside you get tired, i.e., your 

body shows unwillingness or reluctance towards 

further play or work. At this time, you may also feel 

hungry. After taking rest for some time or/and eating 

some thing you may again be ready for work. How does 

one explain these experiences? In fact, when you do 

work, you spend energy and more energy is required 

to do more work. The capacity of a body to do work is 

determined by the energy possessed by it. 

i.e., Energy possessed by a body = Total work that the 

body can do 

Energy has the same unit as work, i.e., joule denoted 

by J. 

Various forms of Energy 

• Energy exists in many different forms. Examples 
of these are: light energy, heat energy, 
mechanical energy, gravitational energy, 
electrical energy, sound energy, chemical 
energy, nuclear or atomic energy and so on. Each 
form can be converted or changed into the other 
forms. 

Although there are many specific types of energy, the 
two major forms are Kinetic Energy and Potential 
Energy. 

• Kinetic energy is the energy in moving objects 
or mass. Examples include mechanical energy, 
electrical energy etc. 

• Potential energy is any form of energy that has 
stored potential that can be put to future use. 
Examples include nuclear energy, chemical 
energy, etc. 

Chemical energy 

Chemical energy is energy stored in the bonds of 
chemical compounds (atoms and molecules). Chemical 
energy is released in a chemical reaction, often in the 
form of heat. For example, we use the chemical energy 
in fuels like wood, coal by burning them. 

Electrical Energy 

Electrical energy is the energy carried by moving 
electrons in an electric conductor. It is one of the most 
common and useful forms of energy. Example – 
Lightening. Other forms of energy are also converted 
to electrical energy. For example, power plants convert 
chemical energy stored in fuels like coal into electricity 
through various changes in its form. 

Mechanical Energy 

Mechanical energy is the energy a substance or system 
has because of its motion. For example machines use 
mechanical energy to do work. 
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Thermal energy 
Thermal energy is the energy a substance or system has 
related to its temperature, i.e., the energy of moving or 
vibrating molecules. For example, we use the solar 
radiation to cook food. 

Nuclear energy 
Nuclear energy is the energy that is trapped inside each 
atom. Nuclear energy can be produced either by the 
fusion (combining atoms) or fission (splitting of atoms) 
process. The fission process is the widely used method. 

Sound Energy 
The form of energy which enables us to hear is called 
sound. Sound originates whena body vibrates giving 
out waves which travel to our ear through a material 
medium. 

POWER   
Have you ever heard statements such as : Quarter 
horse power motor is enough for the pump of a room 
cooler, one horse power motor will fill the tank in half 
the time a half horse power motor does. Horse power 
is a unit of power. And what is power? Power is a 
quantity which tells us how fast the work is done. 
Power is defined as the time rate of doing work i.e., the 
amount of work done in unit time. 

SI Unit of power is watt. One watt is the power spent 
when 1 J work is done in1 s.  

It is also measured in horse power. 1 horse power (H.P.) 
= 746 watts. 

6. Gravitation. 

The force of attraction between any two bodies in the 
universe is called gravitation. The force of gravitation is 
the weakest force in the nature. However, it is the most 
important force in the universe because it plays an 
important role in planetary motion, the birth of a star, 
etc. 

 
Newton’s Law of Gravitation 

• The gravitational force of attraction between any 
two bodies in the universe is directly proportional 
to the product of their masses and inversely 
proportional to the square of distance between 
them. 

• Let two bodies of masses m1 and m2 respectively 
having a separation of r between them. 

• Then from the Newton’s law of gravitation, we get 
the gravitational force between them 

 

 

Where G is the universal gravitational constant. G = 

6.67 × 10–11 Nm2kg–2. The value of G remains 

constant anywhere in the universe. 

Gravity 

It is the force of attraction exerted by the earth 
towards its centre on a body lying on or near the 
surface of the earth. It is called earth’s gravitational 
pull. Thus, the gravity is a special case of gravitation. 
The force of gravity acting on a body is the measure of 
weight of the body. The force of gravity produces an 
acceleration in a body and it is known as acceleration 
due to gravity. It is denoted by ‘g’. If a body is of mass 
‘m’, then its weight at the surface of the earth is mg. 
 
Weight = mass × acceleration due to gravity. 
 

• The acceleration due to gravity decreases above 
and below the earth’s surface. Hence, the weight 
of a body decreases with increase in height above 
the earth’s surface or increase in depth below the 
earth’s surface.  

• The value of ‘g’ is maximum at the poles and 
minimum at the equator of the earth. At the center 
of the earth ‘g’ is zero. 

 

Satellite 

• The body revolving around a planet continuously in 
an orbit is called a satellite. Moon is a natural 
satellite of the earth. 

• A satellite revolves around the planet in an orbit 
under the effect of the centripetal force provided 
by the gravitational force of attraction between 
the satellite and the planet. 

 

Geostationary Satellite: It appears always at a fixed 
location above the earth in its orbit. Its time period of 
revolution around the earth is 24hrs and its height is 
36000 km above the equator of the earth. 
Polar Satellite: It revolves around the earth in a polar 
orbit which is at 90° to the equatorial plane. It passes 
over both the north and south poles of the earth once 
per orbit. 
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ESCAPE VELOCITY 

The minimum velocity required to throw a body so that 
it becomes free from the earth’s gravitational pull is 
called escape velocity. 
 
KEPLER’S LAWS OF PLANETARY 
MOTION 

 
Kepler’s first law: The planets move in elliptical orbits 
around the sun, with the sun at one of the two foci of 
the elliptical orbit. This means that the orbit or path of 
a planet around the sun is an ellipse i.e. an oval-shaped 
and not an exact circle. 
Kepler’s second law: Each planet revolves around the 
sun in such a way that the line joining the planet to the 
sun sweeps over equal areas in equal intervals of time. 
We know that a planet moves around the sun in an 
elliptical orbit with sun at one of its focus. 

 
Kepler’s third law:  The cube of the mean distance of a 
planet from the sun is directly proportional to the 
square of time it takes to move around the sun. 

 

7. Properties Of Matter 

Matter is broadly divided into three categories, viz. 

Solid, Liquid and Gas. Due to the strongest 

intermolecular force of attraction in solids, they are 

tough and have a definite shape and size. This force is 

relatively weak in liquids and so the shape is easily 

changed but liquids have a definite volume. In gases, 

the intermolecular force of attraction is minimum and 

hence, they do not have a definite shape, size and 

volume. 

There is a fourth state of matter called plasma state in 

which matter exists in ionised state. Plasma state is 

common in stars. 

Gas Liquid Solid 

assumes the 
shape and 

volume of its 
container  

particles can 
move past 

one another 

assumes the 
shape of the 
part of the 
container 
which it 
occupies  

particles can 
move/slide 

past one 
another 

retains a fixed 
volume and shape  

rigid - particles 
locked into place 

compressible  
lots of free 

space 

not easily 
compressible  

little free 
space 

not easily 
compressible  

little free space 
between particles 

between 
particles 

between 
particles 

flows easily  
particles can 
move past 

one another 

flows easily  
particles can 
move/slide 

past one 
another 

does not flow 
easily  

rigid - particles 
cannot move/slide 
past one another 

Pascal’s Law: ‘If the effect of gravity is neglected the 
pressure at every point of a liquid in equilibrium of rest 
is the same.’’ It means, in a liquid content, the effect of 
pressure is equally transmitted through out the liquid 
system. 
 
Buoyancy: Whenever a body is immersed in a fluid, the 
displaced fluid has a tendency to occupy the original 
position. Hence, an upward force is experienced by the 
body. This upward force acting on the body inside a 
fluid is called buoyancy.  
 
Archimedes Principle: ‘When a body is partially or 
completely immersed in a fluid, it loses some of its 
weight which is equal to the weight of the fluid 
displaced by the body.” 
 
Law of Floatation: A body will float in a liquid, if weight 
of liquid displaced by the immersed part of the body is 
at least equal to or greater than the weight of the body. 
 
Atmospheric Pressure 
Air content above the earth exerts force due to its 
weight on the ground. This force on the ground gives 
rise to the atmospheric pressure. At the sea level the 
value of atmospheric pressure is one atmosphere. 

• Barometer is a device that measures pressure. 
Mercury barometer is the most common type. 

 
Pressure: Pressure is equal to the normal force acting 

per unit area. If the handles of the bags and suitcases 

are broad, the pressure on the hand carrying them 

will be small. 

Elasticity:  ability of a deformed material body to 

return to its original shape and size when the forces 

causing the deformation are removed. A body with this 

ability is said to behave (or respond) elastically. 

• Quartz and phosphor bronze are nearly perfectly 
elastic bodies.  

• Steel is more elastic than rubber. Most of the metals 
are elastic. 

 
Ductile Materials: These materials show a large plastic 

range beyond the elastic limit. They are used in making 
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springs and sheets e.g. coppers, iron, silver, aluminium, 

etc. 

Brittle Materials: These materials show a very small 

plastic range beyond elastic limit e.g. glass, cast iron, 

etc. 

Elastomers: These materials have no plastic range. In 

such materials even a small stress can produce a large 

strain e.g. rubber, the elastic tissue of aorta in the 

human blood circulatory system, etc. 

8. SURFACE TENSION 

The molecules at the surface of a liquid have a higher 

potential energy than those of the inner molecules. 

P.E. = mgh where 

m is mass of a molecule; g is acceleration due to gravity 

and h is the height of the molecule above the bottom 

of the liquid. 

Hence, in order to have higher stability, the liquid 
surface tries to minimize its P.E. In doing so, it tends to 
contract to have minimum surface area, number of 
molecules and hence, minimum P.E. and maximum 
stability. Consequently, the liquid surface behaves as if 
covered with a stretched membrane. 

• The surface molecules of the liquid are always 
under the effect of an inward force due to force of 
cohesion between the surface molecules and inner 
molecules.  

• That imparts surface tension. The surface tension 
of a liquid decreases with rise in temperature and 
becomes zero at the boiling points. 

Examples: 

• The hairs of a shaving brush when taken out of 
water are pressed together. Inside water, hairs 
spread out. On taking out the brush from water, 
the water film forms between the hairs while 
tending to make its surface area minimum due to 
surface tension brings the hairs closer to each 
other. 

• In soldering, addition of flux reduces the S.T. of 
molten tin, hence, it spreads. 

• The liquid drop has a tendency to have minimum 
surface area due to the surface tension of the 
liquid and hence, it becomes spherical. 

• It is better to wash clothes in hot soap solution. 
Hot solution has lower surface tension. Hence, the 
solution spreads over larger area or clothes and 
cleaning action increases. 

 
 

Action of detergent or soap solution: 
When detergents or soaps are dissolved in water, the 
surface tension of water decreases. Hence, a 
detergent/soap solution spreads more quickly over the 
clothes. Consequently, more dirt come in contact with 
the solution and cleansing action enhances. Further, 
hot 
solution has lower surface tension than a cold one 
which gives extra cleaning ability to the detergent/soap 
solution. 
 

CAPILLARITY 
The phenomenon of natural rise or fall of liquid column 
in a narrow tube is called capillarity and the tube is 
known as the capillary tube. The capillarity increases 
with increase in surface tension of the liquid. 
Example: The tip of the nib of a pen is split in order to 
provide a capillary which helps the ink to rise to the end 
of the nib and enables it to write continuously. 
 

VISCOSITY 
It is fluid friction that arises due to inter molecular 
forces which are effective when the different layers of 
the fluid are moving with different velocities. It gives 
rises to a backward dragging force between the fluid 
layers moving with respect to each other. Viscosity of a 
liquid decreases with increase in temperature but 
viscosity of gases increases, under similar conditions. 

 
Bernoulli’s Theorem 
Bernoulli's principle is a seemingly counterintuitive 
statement about how the speed of a fluid relates to the 
pressure of the fluid. Many people feel like Bernoulli's 
principle shouldn't be correct, but this might be due to 
a misunderstanding about what Bernoulli's principle 
actually says.  

 
Bernoulli's principle states the following, 
Bernoulli's principle: Within a horizontal flow of fluid, 
points of higher fluid speed will have less pressure 
than points of slower fluid speed. 

 
Applications of Bernolli’s Theorem : 

• The size of the needle of a syringe controls flow 
better than the thumb pressure exerted by a 
doctor while administering an injection. The 
velocity of flow is controlled by the size of the 
needle whereas the pressure is controlled by 
thumb pressure. In order to keep total sum of 
pressure energy and kinetic energy of the flow 
constant, velocity increases more in accordance 
with the Bernoulli’s theorem. 

• The wings of the aeroplanes are designed such that 
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it experiences an upward pressure and hence, an 
upward force. It is based on Bernoulli’s theorem. 
The upper surface of the wing is more curved than 
its lower surface and its leading edge is thicker than 
its trailing edge. Hence, the velocity of air above 
the wings becomes more than that below them i.e. 
kinetic energy of air above the wings becomes 
greater than that of air below the wings. 
Consequently, the pressure energy and hence, 
pressure of air below the wings become greater 
than those of the air above the wings. It gives an 
upwards push on the wings and prevents the 
planes from falling down. 

 

9. SPACE EXPLORATION 

Space is a vast and endless area or region outside the 

earth’s atmosphere where the stars, planets and other 

celestial bodies exist. Space exploration is the study of 

collecting and analysing the information and data 

about the various heavenly or celestial bodies in the 

outer space. 

A small body revolving around a planet in an orbit is 
known as a satellite. 
 

TYPES OF SATELLITES 
Satellites are of two types : 

(i) Natural Satellite : A celestial body revolving 
around a planet is known as the natural 
satellite. For example, the moon is the natural 
satellite of the earth. All planets except 
Mercury and Venus have natural satellites. 

(ii) Artificial Satellite : A man made satellite that 
revolves around the earth is known as an 
artificial satellite. 
 

ORBIT OF SATELLITE 

The closed elliptical path followed by an artificial 
satellite around the earth is known as the orbit of the 
satellite. 
Characteristics of the Orbit of the 
Satellite: 
(a) Apogee: The farthest point on the orbit of a satellite 
from the surface of the earth is known as apogee. 
(b) Perigee: The nearest point on the orbit of the 
satellite from the surface of the earth is known as 
perigee. 
(c) Inclination: The angle between the plane of the 
equator of the earth and the plane of the orbit of the 
satellite is known as inclination. 

 
Types of Satellites: 

Geostationary Satellite: 

• These satellites are placed into orbit at a distance 
of around 35,800 km from the earth’s surface.  

• They rotate in the same direction as the earth and 
one revolution of such satellites is the same as one 
day on earth (roughly 24 hours).  

• This means that, as seen from earth, these 
satellites will appear to be at the same spot 
throughout. Hence, the name “geostationary” 
satellites. These satellites are used as 
communication satellites and for weather-based 
applications. 

 
Polar Satellite: 

• Polar satellites revolve around the earth in a north-
south direction around the earth as opposed to 
east-west like the geostationary satellites.  

• They are very useful in applications where the field 
vision of the entire earth is required in a single day. 
Since the entire earth moves below them, this can 
be done easily.  

• They are used in weather applications where 
predicting weather and climate-based disasters 
can be done in a short time. They are also used as 
relay stations. 
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10. ATOMIC PHYSICS 

An atom is the smallest particle of the element that can 

exist independently and retain all its chemical 

properties. 

Dalton's atomic theory 

• Dalton's atomic theory was the first complete 
attempt to describe all matter in terms of atoms 
and their properties. 

• Dalton based his theory on the law of conservation 
of mass and the law of constant composition. 

• The first part of his theory states that all matter is 
made of atoms, which are indivisible. 

• The second part of the theory says all atoms of a 
given element are identical in mass and properties. 

• The third part says compounds are combinations of 
two or more different types of atoms. 

• The fourth part of the theory states that a chemical 
reaction is a rearrangement of atoms. 

• Parts of the theory had to be modified based on the 
discovery of subatomic particles and isotopes. 

Thomson proposed that: 

i. An atom consists of a positively charged sphere 
and the electrons are embedded in it. 

ii. The negative and positive charges are equal in 
magnitude. So, the atom as a whole is 
electrically neutral. 

Rutherford’s alpha-particle scattering experiment led 
to the discovery of the atomic nucleus. Rutherford’s 
model of the atom proposed that a very tiny nucleus is 
present inside the atom and electrons revolve around 
this nucleus. The stability of the atom could not be 
explained by this model. 

Neils Bohr’s model of the atom was more successful. 
He proposed that electrons are distributed in different 
shells with discrete energy around the nucleus. If the 
atomic shells are complete, then the atom will be 
stable and less reactive. 

J. Chadwick discovered presence of neutrons in the 
nucleus of an atom. So, the three sub-atomic particles 
of an atom are: (i) electrons, (ii) protons and (iii) 
neutrons.  

• Electrons are negatively charged, protons are 
positively charged and neutrons have no 
charges.  

• The mass of an electron is about 1/2000 times 
the mass of an hydrogen atom.  

• The mass of a proton and a neutron is taken as 
one unit each. 

What are Isotopes? 

• Isotopes are variants of a particular element with 
different a different number of neutrons.  

• For example, the two isotopes of Uranium are, 235
92 

U and 239
92 U. You will see here that the number of 

protons is the same in both the isotopes but they 
contain 143 and 147 neutrons respectively.  

• The presence of an extra neutron significantly 
changes the behaviour of that particular atom. 
There are two different types of isotopes, stable 
and radioactive. Stable isotopes are one that can 
exist in its free state without breaking down 
spontaneously.  

• Radioactive isotopes are ones that are too unstable 
to sustain itself and they spontaneously break 
down into two lighter daughter elements with the 
emission of particles such as alpha, beta and 
gamma rays. 

What are Isobars? 

• Isobars are elements that have the same number 
of nucleons (sum of protons and neutrons).  

• The series of elements with 40 Mass number 
serves as a good example; 40

16S, 40
17Cl, 40

18Ar, 40
19K, 

and 40
20Ca.  

• The nucleus of all the above-mentioned elements 
contain the same number of particles in the 
nucleus but contain varying numbers of protons 
and neutrons. 

What are Isotones? 

• Isotones are atoms that have the same neutron 
number but different proton number.  

• For example, 36
16S, 37

17Cl, 38
18Ar, 39

19K and 40
20Ca are 

all isotones of 20 since they all contain 20 neutrons. 

What is Nuclear Force? 

• Nuclear force is one of the four fundamental forces 
of nature, the others being gravitational and 
electromagnetic forces. In fact, being 10 million 
times stronger than the chemical binding forces, 
they are also known as the strong forces. 

• The nuclear force is the force that binds the 
protons and neutrons in a nucleus together. This 
force can exist between protons and protons, 
neutrons and protons or neutrons and neutrons. 
This force is what holds the nucleus together. 
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Radioactivity occurs when an atomic nucleus breaks 
down into smaller particles. There are three types of 
nuclear radiation: alpha, beta, and gamma. Alpha 
particles are positively charged, beta particles are 
negatively charged, and gamma particles have no 
charge. The radiations also have 
increasing levels of energy, first Alpha, then Beta, and 
finally Gamma, which is the most energetic of all these. 
Alpha and Beta are particles, but Gamma is a wave. 

 
Nuclear fission and nuclear fusion 
 
A physical reaction which causes change in the nucleus 

of an atom is called nuclear reaction and the energy 

released during this reaction is called nuclear energy. 

 

Parameter  Nuclear fission Nuclear fusion 

Definition  Fission is defined as the splitting of a 
nu       clues into two daughter nuclei 

Fusion is defined as the combining of two 
lighter nuclei into a heavier one 

Generation of energy The amount of energy produced is 
huge 

The amount of energy produced is 
relatively huge 

Fuel  Uranium is the primary fuel that is 
used in the power plants 

Hydrogen isotopes are the primary fuel 
that is used in the power plants 

11. HEAT 

 

• Temperature is a relative measure, or indication of 
hotness or coldness. 

• Heat is the form of energy transferred between 
two (or more) systems or a system and its 
surroundings by virtue of temperature difference. 
The SI unit of heat energy transferred is expressed 
in joule (J) while SI unit of temperature is kelvin (K), 
and °C is a commonly used unit of temperature. 

• Thermometer is a device used for measuring 
temperatures. The two familiar temperature scales 
are the Fahrenheit temperature scale and the 
Celsius temperature scale.  

Scale of Temperature 

To measure the temperature of a body following 

temperature scales are used. 

• Celsius scale of temperature freezing point is 0°C 
Boiling point of water is 100°C 

• Fahrenheit scale of temperature ice point or 
freezing of water = 32° F 

      Boiling point of water = 212° F 

• Kelvin or absolute scale of temperature ice point of 
water = 273° K 
Boiling point of water = 373° K 

• Reaumur scale of temperature ice point of water is 
0° R, 
Boiling point of water = 80°R 

• Rankine scale of temperature ice point /freezing 
point of water = 491.67°R  

Boiling point of water= 671.641° R 

 

Relation between Different Scales of 

Temperature 

Different scales of temperature are related as follows: 

K =273+ °C 
• At temperature – 40°C = – 40°F, Clesius scale is 

equal to Fahrenheit 
• The temperature at which the three phases of 

water remains at equilibrium is called triple point 
of water (273.16 K) 

Thermometers 

The instruments used to measure temperature of a 

body is called thermometer. 

Thermometers are of following three types 

Clinical thermometer It is used to measure human 

body temperatures and ranges from 96° F to 110°F or 

35°C to 43°C. 

Electronic thermometer Basic components of an 

electronic thermometer are thermistors or thermo 

resistors. Range of electronic thermometer is –40° to 

450°F. 

Other thermometers These include constant volume 

gas thermometer, platinum resistance thermometer 

etc. 

Clinical thermometer measures temperature in degree 

Fahrenheit (°F). 

In thermometer, mercury is commonly used through a 

wide range from –30°C to 300°C. 
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Thermometer was developed by Galileo who found 

that the gases expand on heating. 

Thermal Expansion 

• The expansion of a body caused by heat is known 
as thermal expansion. 

Thermal Expansion of Solids 

• Thermal expansion of solids is of three types 

• Expansion in length on heating, is called linear 
expansion. The increase in length of a rod of unit 
length of a substance due to increase in its 
temperature by 1°C is called the coefficient of 
linear expansion of the substance of that rod. It is 
represented by α. 

— Its unit is °C–1. 

• Expansion in area on heating, is called superficial 
expansion. Coefficient of superficial expansion is 
given as 

— Its unit is °C–1. 

• Expansion in volume on heating, is called volume 
expansion or cubical expansion. Coefficient of 
volume or cubical expansion is given as 

— Its unit is °C-1. 

Relation between Coefficients of Expansions 

• Coefficients of thermal expansions are related as 
β = 2α and γ = 3α 
and α : β : γ = 1 : 2 : 3 

• In laying a railway line, a small gap is left in 
between two iron rails otherwise railway line will 
become curved on heating in summer. 
• Telephone wires are not tighten on poles 

because in winter, wires get contract and can break. 

 
Thermal Expansion of Liquids 

• In liquids, only expansion in volume takes place on 
heating. 

Expansion of liquid is of two types: 
• When expansion of the container, containing 

liquid, on heating, is not taken into account, then 
observed expansion is called apparent 
expansion of liquids. 

• When expansion of the container, containing 
liquid, on heating, is also taken into account, then 
observed expansion is called real expansion of 
liquids. 

where, and, are coefficients of real and apparent 
expansion of liquids and  = coefficient of cubical 
expansion of the container. 

 

Anomalous Expansion of Water 
When temperature of water is increased from 0°C, 
then its volume decreases up to 4°C, becomes 
minimum at 4° C and then increases. This behaviour of 
water expansion around 4°C is called, anomalous 
expansion of water. 

 
Thermal Expansion of Gases 
There are two types of coefficient of expansion in gases 
— At constant pressure, the change in volume per unit 
volume per degree Celsius, is called volume 
coefficient (). 
— At constant volume, the change in pressure per unit, 
pressure per degree Celsius, is called pressure 
coefficient (). 

 
Calorimetry 

• Amount of heat required to raise the temperature 
of 1 g of water by 1°C is called 1 calorie. 

• Calorimetry states that heat lost by hotter body 
equals the heat gained by colder body. 

Specific Heat 
• The amount of heat required to raise the 

temperature of unit mass (m) of a substance 
through 1°C, is called its specific heat (s). 

• It is denoted by s and its unit is ‘cal/g°C or 
Joule/g°/C. 

• The specific heat of water is 4200 J/kg1/°C or 1000 
cal/ g1/° C–, which is high compared with most other 
substances. Therefore, water is used as coolant in 
radiator in vehicle and hot water is used for the 
fermentation. 

• Heat energy given or taken to change the 
temperature of a body is given by 

Q = ms∆θ  
where, m = mass of the body 
and ∆θ = change in temperature. 
• The amount of heat required to raise the 

temperature of 1 mole of a gas by 1°C is 
called molar specific heat. 

Latent Heat 
• The heat energy absorbed or released at 

constant temperature per unit mass for change 
of state, is called latent heat. 

• It is denoted by L and its SI unit is cal/g or kcal/kg. 
• Heat energy absorbed or released during change 

of state is given by 

Q = mL 
where ,        m = mass of the substance. 

• Latent heat of fusion of ice is 80 cal/g. 
• Latent heat of vaporisation of steam is 

536 cal/g. 
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Thermodynamics 
• The branch of physics which deals with the 

study of relation of heat energy with different 
types of energy is called thermodynamics. 

Zeroth Law 
• Zeroth law of thermodynamics tells about 

thermal equilibrium. 

First Law 
• As per first law about energy, heat given to a 

substance is equal to sum of change in internal 
energy and work done. 

Second Law 
• In second law work can be converted into heat 

and vice-versa but conversion is not possible 
with 100% efficience. 

• It is impossible for a machine operating in a 
cyclic process to convert heat completely into 
work, it is kelvin’s statement. 

• Heat by itself can not transfer from a colder to 
a hotter body. It is clausius statement. 
Refrigerator is based on this statement. 

• Heat engine is a device which converts heat 
into mechanical work. Internal combustion and 
external combustion heat engine are two types 
of heat engine. 

• Car engine uses coolant added with water to 
reduce harmful effects like corrosion, rusting 
etc. Such as ethylene glycol, polossium 
dichromate etc, 

• Carnot’s theorem tells about maximum efficiency 
of heat engine. It refers to carnot cycle. 

• Entropy measures the molecular disorder of a 
system and is a thermodynamic function 
depending only on the temperature of the system. 

• Evaporation is a process in which molecules 
escape slowly from the surface of a liquid. 

• For a given liquid the rate of evaporation demands 
on the temperature and area of evaporating 
surface. 

• Refrigerator is a device used for cooling things by 
the evaporation and compression of a volatile 
liquid inside a copper coil. 

Humidity 
• The presence of moisture in the atmosphere, is 

called humidity. 
• The amount of water vapour present in the unit 

volume of atmosphere, is called absolute 
humidity. 

• The relative humidity of air at a given 
temperature is the ratio of mass of water vapour 
present in a certain volume of air to the mass of 
water vapour required to saturate the same 
volume of air at the same temperature, multiplied 
by 100. 

• Relative humidity is measured by hygrometer. 
• Relative humidity of about 50% is considered 

comfortable at temperature 22° – 25° C. 
• If the relative humidity is very low in air, then lips 

become dry and cracks appear in them. 
• If relative humidity is very high in air then the 

sweat from our body does not evaporate readily 
and therefore we feel uncomfortable. 

• Air conditioning provides comfortable conditions 
by regulating temperature and humidity. 

Transmission of Heat 
• Heat can be transferred from one place to another 

by process of transmission. 
• There are three methods of transmission of heat. 

Conduction 
• The mode of transmission of heat in solids from 

higher temperature part to lower temperature 
part without actual movement of the particles, is 
called conduction. 

• Transmission of heat in solids takes place mainly 
through conduction. 

• Metals are good conductors of heat. 
• Wood, cotton, wool, glass are bad conductors of 

heat, dry air is also a bad conductor of heat. 
• Woollen clothes do not allow the heat of our body 

to escape and therefore we feel warm. 
• On a cold night two thin blankets give more 

warmth than a single thick blanket because the 
layer of air between the two blankets works as a 
better insulator. 

• Refrigerators and ice-boxes have double walls 
having thermocol between them which minimise 
heat gain by conduction. 

Convection 
• The mode of transmission of heat in fluids (liquids 

and gases) due to actual movement of the 
particles, is called convection. 

• In liquids and gases, heat is transmitted by 
convection. 

• When a liquid in a vessel is heated at the bottom, 
the liquid at bottom gets heated and expands. 

• Due to its lower density, hot liquid rises and its 
place is taken by cold liquid from above. 
Convection currents are set up in the liquid until 
the temperature of the whole liquid becomes 
same. 

• The cooling unit in a refrigerator is fitted near the 
top as cold air move downward and keeps cool the 
whole interior. 

• Radiator in a motor car works on the principle of 
convection. 

Newton’s Law of Cooling 
The rate of loss of heat from a body is directly 
proportional to the difference in temperatures of the 
body and its surroundings. 
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If we take hot water and fresh water and put it in a 
refrigerator, then rate of cooling of hot water will be 
faster than the fresh tap-water. 
• Sea Breeze During day time, the seashore warms 

up much faster than sea water. Hot air over the 
seashore rises and cooler air from sea water 
moves towards seashore to take its place resulting 
in a sea breeze. 

• Land Breeze At night, land cools faster than sea 
water. Now hot air over sea water rises and cooler 
air from land moves towards sea to take its place 
and resulting in a land breeze. 

• Cloudy night are warmer than clear night because 
clouds reflect the radiations emitted by the earth 
at night and keep it warm. 

Radiation 
• The process of heat transmission in the form of 

electromagnetic waves, is called radiation. 
• Radiation does not require any medium for 

propagation and it propagates without heating 
the intervening medium. 

Black Body 
• A body that absorbs all the radiation incident on it 

is called perfectly black body. 
• Ratio of heat absorbed (radiation) to total incident 

radiation for a body is called absorptive power (a) 
of body. It has no unit. 

• Amount of heat radiation per unit area of the 
surface at a given temperature is called emissive 
power of the surface. 

• Its unit is J/m2 – s. 
o The ratio of emissive power and absorptive 

power of a body is always same. It is equal to 
emissive power of a black body. This is known 
as Kirchhoff’s law. 

o White colour is a bad absorbers and good 
reflectors of heat radiations while black colour 
is good absorbers and bad reflectors of heat. 
Therefore, clothes of light colours give better 
feeling in summer and clothes of dark colours 
give better feeling in winter. 

Stefan’s Law 
• It states that “The amount of heat energy (E) 

radiated per second by unit area of perfectly black 
body is directly proportional to the fourth power of 
absolute temperature (T) of the body.” 
E ∝ T4 

• Good absorbers are good emitters and poor 
absorbers are poor emitters. 

 
 

 
 

12. SOUND 

 

Introduction  
We hear so many sounds around us in everyday life. For 
example, if a milkman comes to your home and the 
main gate is locked, he rings the doorbell. The sound of 
the bell is heard by us and we open the door. Let’s say 
if the doorbell is non-functional due to any reason, 
then he will call your name. In doing so also, he is 
producing certain sound that reaches your ear and you 
rush to open the door. So, in the same way, we talk to 
our parents and siblings at home, we hear the sounds 
of T.V., we hear the sound of the phone, etc. Now, let 
us see what exactly sound is. 

Sound is considered as a wave. To study wave, we need 
to take an example of throwing a stone into the pond. 
If we throw a stone in a pond, then we observe the 
formation of ripples.  

This ripple formation is not at one place, it keeps on 
forming and the diameter of ripples keeps on 
increasing from the point of disturbance. These ripples 
are referred to as wave. Similarly, sound is a kind of 
wave.  

Wave and it’s types 

• It is the periodic disturbance in a medium. 

• There are two types of waves in general depending 
upon their propagation through a substance. They 
are as follows- 

• Mechanical wave 
• Electromagnetic wave 

Mechanical Wave: It is the kind of wave which requires 

a medium to travel. For example: Sound Wave.  

• That means sound can be heard only whenever 
there is presence of certain substance like water, 
glass, air etc. 

• It can not be heard in a vacuum no matter how loud 
the sound maybe. 
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Electromagnetic Wave: Is that which can travel 
through a medium as well as through vacuum. For 
example: Light wave.  

• But unlike sound, light can be seen through a 
substance or in vacuum. That is the reason it is 
referred to as electromagnetic wave. 

Types of waves (depending upon the movement of 
particles)  
We know that whenever a wave travels, the particles 
vibrate and they constitute the wave or we can say 
their periodic disturbance constitutes wave. So, 
depending upon the movement of particles, to 
produce vibrations, we have different kinds of waves as 
given below- 

The two types of waves are as follows- 

• Longitudinal wave 
• Transverse wave 

Longitudinal: It is the wave in which particles vibrate to 
and fro. This longitudinal wave consists of compression 
and rarefaction.  

The movement is shown in the following figure: 

• Compression: it is the region when particles move 
closer to each other due to which volume 
decreases and pressure increases.  

• Rarefaction: it is the region when particles are far 
apart due to which volume increases and pressure 
decreases. 

Please note: Wave moves in an order such that 
each compression is followed by rarefaction. 
Transverse Wave: Is that in which particles vibrate 
up and down. Transverse wave consists of crest 
and trough. This is also shown in the following 
figure-  

• Crest: it is the elevation in the wave. 
• Trough: it is the depression in the wave. 

• Sound is a kind of a longitudinal and mechanical 
wave.  

That means, in sound, the particles vibrate to and from 
consisting of compressions and rarefaction and it is a 
mechanical wave (needs a medium to travel).  

Whereas light is an electromagnetic and transverse 
wave that consists of a crest and a trough and can 
travel through vacuum also. 

Characteristics of Wave 

There are certain characteristics that each wave 
possesses. They are as follows- 

 

1. Oscillation: It is the complete movement of 
particles about their mean position. 

2. Amplitude: It is the maximum displacement of 
a particle from its mean position in either 
direction (cm). It is denoted by ‘A’. 

3. Frequency: It is the number of sound waves 
produced per second (Hertz). It is denoted by 
υ(nu).  

4. Time Period: The time taken to complete one 
oscillation (sec). It is denoted by ‘T’. 

5. Wavelength: The distance between two 
consecutive crests or troughs (cm). It is 
denoted by lambda  

6. Velocity of Wave: The speed with which sound 
travels (m/sec). It is denoted by ‘v’. 
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Characteristics of Sound  

Loudness: It is a characteristic of sound and it is the 
degree of sensation of sound. It depends upon 
amplitude. More is the amplitude, louder is the 
sound. It is measured in units- decibel.  

Pitch: It is the property that determines the shrillness 
or deepness of sound. It depends upon the frequency. 
More is the frequency; shriller the voice will be. Less is 
the frequency, deep is the sound.  

Quality: Is the property by which one can distinguish 
between two different sounds of the same pitch and 
loudness.  

Intensity: It is the number of sound waves passing 
through 1-meter square area in one second. It depends 
upon the square of amplitude.  

Out of both, which sound has a higher pitch: guitar or 
a car horn: Car horn is louder than guitar but guitar has 
a higher pitch than a car horn. The reason is because 
the frequency of guitar is higher than that of car horn. 

Sound needs a medium to travel 

• Propagation of sound through matter  
Sound can travel through all 3 states of matter i.e. 
solid, liquid and gas.  

• Speed of sound depends upon the density of 
medium (it increases with increase in density of the 
medium).  

• Speed of sound is the maximum in solids and the 
least in gases as particles are closer in solids and so 
the transfer of sound energy occurs faster.  

Speed of sound 

Do you know what is the speed of sound in air?  
It is 340 meter per second. 

 You must have noticed that the speed of sound is more 
on a humid day as compared to that on a dry day. It is 
because on a humid day, the particles are 
comparatively closer and so, the transfer of energy 
occurs faster. 

Let us compare the speed of sound and the speed of 
light in air? 

We have seen that light travels faster than sound and 
the speed of sound is 340 m/s. This is the reason that 

on a stormy day, the lightning is seen first and thunder 
is heard later on.  

You must have also heard that astronomers fail to hear 
the sound of each other on the surface of the moon. 
This is so because there is no air on the moon and 
sound cannot travel through a vacuum. It needs a 
medium to travel. 

Sonic Boom 

• When the speed of any object exceeds the speed 
of sound it is said to be travelling at supersonic 
speed. Bullets, jet aircrafts etc. often travel at 
supersonic speeds.  

• When a sound, producing source moves with a 
speed higher than that of sound, it produces shock 
waves in air. These shock waves carry a large 
amount of energy.  

• The air pressure variation associated with this type 
of shock waves produces a very sharp and loud 
sound called the “sonic boom”.  

• The shock waves produced by a supersonic aircraft 
have enough energy to shatter the window glass 
and even damage buildings. 

Echo  

• If we stand in one corner of a big empty hall and shout, 
we will hear the word again. It is heard because the 
sound gets reflected from the walls of the empty hall. 
This repetition of sound is called echo. 

• The phenomenon due to which repetition of sound 
is heard after reflection from a distant object (such 
as a high building or a hillock), after the original 
sound from a given source dies off, is called an 
echo.  

Ultrasound and it’s applications 
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There are certain applications of ultrasonic waves as 
follows- 
1. It helps in cleaning. 

 These are used to clean those parts of appliances that 
are not in reach otherwise like electronic components, 
etc. Appliances to be cleaned are placed in cleaning 
solutions and ultrasonic waves are sent through the 
cleaning solution. 

Due to high frequency of ultrasounds, the dust, oil, etc. 
gets detached. The object thus, gets cleaned.  
 
2. Ultrasound are used to detect cracks in the 
metal block 

 
They are used to detect minor cracks in metal blocks. 
Ultrasounds are allowed to pass through metal blocks 
and detectors are used to detect the transmitted 
waves. If there is a crack in a block, the ultrasound gets 
reflected back, indicating the presence of a crack in the 
metal block. 

SONAR (Sound Navigation & Ranging) 

This is very helpful and works on the property of 
reflection of sound. 

• It is a technique to detect the depth of water. 
• It is used to locate submarines. 

At the bottom of the ship, transmitters and receivers 
are fitted. Transmitters emit ultrasonic waves which on 
striking at the bottom of the water, return, and are 
received by the receiver. The time taken by a wave to 
travel down and get received back by the receiver is 
calculated and using the velocity of ultrasonic waves in 
water, the time interval and the distance of submarine 
from surface or depth can be calculated. 

Human ear  

As we have so many organs in our body specialized in 
different functions. Among them, the ear also plays an 
important role that is of hearing. 

1. Ear: It is an organ that helps us in hearing. It is 
divided into 3 parts: 

2. Outer ear: It consists of ear pinna, auditory canal 
and ear drum.  

3.  Middle ear: It consists of 3 interlocked bones- 
malleus, incus and stapes. 

4. Inner ear: It has a semi circular canal and a coiled 
organ filled with a fluid called cochlea. 

The sound produced by a vibrating body travels in the 
form of vibrations and is collected by ear pinna and it 
directs into the ear canal where it travels and hits the 
eardrum. On receiving vibrations, eardrum starts 
vibrating. Once the eardrum vibrates, it passes the 
vibrations to the 3 interlocked bones of the middle ear 
which further increase the amplitude of vibrations.  

In inner ear the vibrations are received by a coiled 
organ. On receiving the vibrations its fluid also starts 
vibrating and sensory cells present in them transform 
the vibrations into electrical signals which are carried 
by the auditory nerve to the brain for interpretation 
and understanding.  

Sound Produced by Man and animals 

 

 

 

 

 

 

In man, a voice box called larynx is present. It consists 
of two flap - like ligaments called vocal cords with a 
narrow slit spacing them.  

 When we speak, air is forced out. This exhaled air 
forces the vocal cords to vibrate due to which sound is 
produced. 

• Length of vocal cord in males:20 mm 
• Length of vocal cords in females: 15 mm 
• In males it is a secondary sexual character and 

is enlarged. It is called Adam’s apple. 

Sound Produced by Animals: Animals produce a wide 
range of sounds. Many animals use their lungs to blow 
air that makes their vocal cords vibrate and sound is 
produced. Maximum lower organisms use their wings 
to produce buzzing sound. Fish use the air bladder to 
produce sound and so on. 
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13. Electricity 

Introduction 

The concept of electricity came into notice due to 
friction. It actually proves that charges can be produced 
and they can also be made to flow and flowing of 
charges gives rise to electricity. So let us first learn 
about friction. 

Friction  

It comes into notice when two bodies are rubbed with 
each other. 

For example: Rubbing of a glass rod with silk. When a 
glass rod is rubbed with silk, electrons move from glass 
rod to silk therefore, the glass rod acquires a positive 
charge as it becomes deficient of electrons and silk will 
acquire negative charge as the amount of negative 
charge in it increases. 

So, due to this concept of friction, the concept of 
charges came in to notice. And further, coulomb was 
the one who gave more information about the 
charges.   

Electric charge  

So, it was concluded that we have two types of charges: 

1. Positive charge  
2. Negative charge  

The symbol used for it is (q) and unit that is used to 
measure it is Coulomb which is denoted by C (unit). 

Different experiments proved that “same charges repel 
each other and opposite charges attract each other.” 

And also, when the electric charges are kept, they 
create a small area around itself  where its effect can 
be felt called as the electric field. 

The electric charge is equal to the number of 
electrons in it and the magnitude of charge on the 
electron i.e. 
q = ne 
where n = number of electrons and 
e = charge of electron 
= 1.6 x 10-19 C        

Coulomb’s law  

There is always some force between two charges which 
is directly proportional to the product of magnitude of 
their charges & inversely proportional to the square of 
the distance between them. 

Types of substances depending upon their ability to 

conduct current  

We have different kinds of substances depending upon 
their power to conduct electricity. They are classified 
as: 

Conductors -They are those which allow current to 
pass through them. They have free mobile electrons.  

For example, Cu, Al, etc. 

Insulators- They are those which do not allow current 
to pass through them as they do not have free mobile 
electrons.  

For example, glass etc. Those substances which give 
free electrons are good conductors and those which 
don’t have free electrons are poor conductors. 

Types of electricity 

1. Static electricity  
2. Current electricity 

Static Electricity: Static electricity is a type of electricity 
when electric charges develop but do not flow. 

For example, charges developed by glass rod are 
rubbed with silk. 

Current Electricity: Current electricity is a type of 
electricity when the electronic charges that develop 
are also in motion.  

For example, electricity used in our homes. 

Electrostatic potential 

It is the work done in moving the positive charge from 
infinity to a certain point in an electric field of other 
charge.  

For example:  A unit of positive charge is at a point at 
infinity and we try to bring it to point b that is in the 
electric field of some other charge, let’s say charge q2. 
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So, the work that we need to do in doing so is called 
electrostatic potential. 

Potential difference 

When we need to move the charge between two 
specified points, then the work done in doing so is 
called the potential difference. So, it is defined as the 
work done in moving a charge from one point to 
another point. 

The unit that is used to measure it is volt and we can 
define 1 volt as :1v = 1 joule / 1 coulomb 

So, it is defined as: 

Potential difference is said to be 1 volt when 1J of work 
is done in moving IC of charge from one point to 
another. The instrument that is used to measure its 
magnitude is called Voltmeter.  
There is an important feature that how we connect it. 
It is connected in parallel because it has a high 
resistance and also in parallel the potential difference 
remains constant. 

Types of current: 

 Conventional Electric  

Flow of protons  Flow of electrons 

More from +ve terminal 
to –ve terminal in outer 
circuit.  

Move from – ve 
terminal to +ve 
terminal.  

practically not important Practically important 

 

Electric circuits 

A continuous conducting path between the terminals 
of a source of electric energy and other electrical 
components along which the electric current flows is 
called an electric circuit. 
Types of electric circuits: 

1. Closed electric circuit  
2. Open circuit  

Open electric circuit : It is the circuit in which electric 
contact is broken at some point such that no current 
flows  through the components of the circuit. 
  
Closed  electric circuit: The circuit in which all the 
components of a circuit are joined to one another such 

that a continuous current flows through them is a 
closed electric circuit. Some electronic devices with 
symbols used are: 

Rheostat - It is defined as the variable resistance. It is 
connected to change the current in the circuit without 
changing the voltage source like cell etc. 
 
Galvanometer- It is a device used to measure a very 
small amount of current as it has very low resistance. 

Ohm’s law 

It is the generalization made by ohm on the basis of the 
experiments he conducted. According to it, at a 
constant temperature, the current flowing through the 
circuit is directly proportional to the potential 
difference applied across the ends of the conductor. 
i.e. V x I 
 
Resistance- It is the obstruction to flow of charge. 
Formula:R=V/I 
Unit:ohm 
We can define 1ohm as - resistance is said to be 1 ohm 
when 1volt of potential difference is applied which 
allows 1 ampere current to flow through it. 

Factors on which resistance depends : 

Dependence of resistance on length of wire: 
Resistance is directly proportional to the length of the 
wire. More is the length of wire, more is the number of 
collisions and more is the resistance. 

Resistance on area of wire: Resistance is inversely 
proportional to the area of the wire. More is the area, 
less is the resistance as number of collisions is less as 
they can pass easily. 

Resistance on nature of wire: Depending upon the 
material used for making wires we have: 

Conductors: have almost nil resistance 
Semiconductors: have resistance 
Insulators: have high resistance 

Resistance on temperature: Resistance is directly 
proportional to temperature for pure metals but for 
alloys it decreases. With increase in the temperature, 
number of collisions are more, therefore, resistance is 
more. 
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Resistors in series 

When two or more resistors are connected in series: 

• The current through the circuit remains the same. 
• The potential difference becomes sum of the 

individual potential difference across each resistor. 
• Equivalent resistance of the circuit is the sum of 

individual resistances. 

Resistors in parallel 

When two or more resistors are connected in parallel: 

• The current through the circuit is the sum of 
currents through each branch of the circuit. 

• The potential difference across the two points of 
the circuit remains the same. 

• The reciprocal of equivalent resistance of the 
circuit is the sum of reciprocal of the individual 
resistances. 

Joule’s heating effect of current  

When current flows, the electrons move and when 
they move, they collide with each other. When they 
collide, heat is produced. Heat produced depends upon 
the square of current, resistance and temperature. 

Electric Power 

Rate at which electric energy is dissipated or consumed 
in a circuit is called Electric Power. 

• SI unit of Power is Watt (W). 
• 1 Watt power is consumed when 1 Ampere of 

current flows through a device at a potential 
difference of 1 Volt. 

• Electrical energy is the amount of work done or 
energy consumed in a given amount of time. So, it 
is measured in Joules or Wh (watt hour) or most 
commonly as kWh (Kilowatt hour). 

• 1 kWh = 3.6 x 106 Joule (J) 

14. Light 

We see so many things around us - a colorful rainbow, 
bright flowers during spring, a night lit sky, a serene 
scenery. We read books, admire paintings, see TV etc. 
We are able to 'see' all this because of Light and Sight. 
So, in this chapter we will explore the characteristics of 
Light and Sight. 

We see objects around us due to 2 factors (i) Eyes (ii) 
Light. 

With eyes and no light, (as in night), we cannot see 
objects around us. Similarly, if there was light and an 
individual is visually impaired, he/she still cannot see. 
Therefore, we need both factors ie Eyes and Light to 
see objects around us. 

Definition of light 

Light is a form of energy that enables us to see various 
things present in our surroundings. 

Light is an electromagnetic wave that can travel 
through a medium (any substance including air, water, 
and glass) and vacuum. The only natural source of light 
is sunlight. Sunlight plays an important role in our daily 
life and helps us in doing our routine works. 

Types of Objects 

There are two types of objects and it totally depends 
on whether they have their own light or not as follows  

1. Luminous  
2. Non luminous 

Luminous Objects 

• The objects which have their own light.  

• For example, bulb and tube light that we used 
at home. 

Non-Luminous Objects 

• The objects which does not have their own light.  

• For example, chair, table, floor, and wall.  

• We cannot see these objects without the help of 
light. So, to make these objects visible, we need to 
stay around luminous objects. 

• When there is no light at night, we are unable to 
see objects. To make them visible we need light 
(luminous objects) because they reflect the light 
falling on them. 

 
Types of phenomenon  

1. Absorption 

• When light falls on a surface and gets absorbed it 
is known as absorption.  

• The surface which absorbs the light looks black. So, 
we can say that black is a perfect emitter and 
absorber of light. 
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2. Transmition 

• The process when light falls on a surface may pass 
through the surface is known as transmition.  

• The surface which allows the light to fully pass 
through it looks transparent.  

3. Reflection 

• The process when light reflects or bounces back is 
called reflection.  

• Reflection is the process which is useful in seeing 
our surroundings. 

Characteristic of best Reflector 

For any surface to be a good reflector, it should possess 
certain qualities as follows –  

1. It should have shiny surface.                       
2. It should have polished surface. 
3. It should have smooth surface. 

For example- silver is the best reflector.  

Before understanding the laws of reflection of light, 
lets understand the meaning of some important terms 
such as, incident ray, point of incidence, reflected ray, 
point of incidence, normal (at the point of incidence), 
angle of incidence, and angle of reflection.   

1. Incident ray 
The ray of light falling on the surface of a mirror is 
called incident ray.  

2. Point of incident ray 
The point at which the incident ray strikes the mirror 
surface is called as  point of incidence.  

3. Reflected ray 
The ray of light which is bounced back by the mirror 
from the point of incidence is called as reflected ray.  

4. Normal ray 
A line perpendicular or at right angle to the mirror 
surface at the point of incidence is called normal. It lies 
between the incident ray and the reflected ray.  

5. Angle of incidence 
The angle made by the incident ray with the normal is 
called as angle of incidence. It is denoted by ‘∠i’. 

6. Angle of reflection 
The angle made by the reflected ray with the normal 

at point of incidence is called as angle of reflection. It 
is denoted by ‘∠r’. 

Laws of Reflection of light 

The laws of reflection of light apply to both plane 
mirror as well as spherical mirror. 

First law of reflection: According to the first law, the 
incident ray, reflected ray, and normal ray, all lie in the 
same plane.  

Second law of reflection: According to the second law, 
the angle of reflection is always equal to the angle of 
incidence.  

Types Of Sources Of Light  

As we know, there are different objects that emit light 
so, depending upon the size of object, we have two 
types of sources of light: 

1. Point Sources 
2. Finite Sources 

Point Sources: These are those sources that are too 
small in size as shown in the figure.  

Finite Sources: These are the sources that have certain 
height as shown in figure. The given diagram candle has 
certain length and is regarded as a finite source. 

 

Types Of Mirror 

Mirrors show the phenomenon of reflection so, 
depending upon the type of reflecting surface of 
mirrors, we have two types of mirrors, as follows: 

1. Plane mirror 
2. Spherical mirror 

Plane Mirror: Plane mirrors are those that have plane 
reflecting surface.  
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Spherical Mirror: Spherical mirrors are the other 
types that have a curved reflecting surface. They are 
generally of two types i.e., one with a bulge and other 
with a depression. 

Types of spherical mirrors 

1. Concave mirror 
2. Convex mirror 

 Concave mirror: It is that in which the reflection occurs 
through inner surface of mirror. 
Convex mirror: It is that in which the reflection occurs 
through outer surface of mirror. 

Types of Images 

An image is formed when the reflected rays actually 
meet or appear to meet at a certain point. Accordingly, 
two types of images are formed depending upon 
whether the reflected rays meet or not. We have two 
types of images: 

1. Real images  
2. Virtual images 

Real Image: 

1. It is that which is formed when reflected rays 
actually meet at a certain point. 

2. It is always inverted. 
3. It can be obtained on screen. 

 Virtual Image: 

1. It is that which is formed when reflected rays 
do not meet actually but appear to meet at a 
certain point. 

2. It is always erect. 
3. It can’t be obtained on a screen.  

Characteristics Of Image  

1. Virtual 
2. Erect 
3. Same Size 
4. Distance Of Object = Distance Of Image From 

Mirror 
5. Laterally Inverted 

Rules to obtain image from concave mirror 
1st rule: The incident ray that comes parallel to the 
polar axis after reflection, passes through the focus as 
shown. 

2nd rule: The 
incident ray coming from focus after reflection 
becomes parallel to the polar axis. 

 

 

 

3rd rule: The incident ray coming through ‘C’ retraces 
its path.  

4th rule: The Incident ray striking at pole by a certain 
angle is reflected through the same angle. 

 

Rules to obtain Image from Convex Mirror 

1st rule: The incident ray coming parallel to the polar 
axis diverges but appears to pass through the focus. 
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2nd rule: The incident ray appears to be coming from 
‘C’ but rebounds back. 

 

 

 

 

 Uses of concave Mirror 
• It is used in torches: It produces a powerful beam 

of light rays that converge at infinity. 
• It is used in making solar devices: It converges all 

the rays so when solar rays converge, they increase 
the temperature at that converging point. 

• It is used as shaving mirror: When face is placed 
between the pole and the focus, it gives virtual, 
erect and magnified image. 

o It is used by dentist to see cavities: When the 
tooth is placed within the focus it gives virtual 
and erect image.  

Uses of Convex Mirror 
• It is used as rear-view mirror: It gives virtual and 

diminished image. It covers a wide view and the 
image formed is within the focus. 

Types of medium  

We have two types of mediums: 

• Rarer medium 

• Denser medium 

• Rarer medium- We can define rarer medium as  the 
medium which has less density and speed of light 
is more. Example: air is rarer than water.  

• Denser Medium- It is that which has more density 
and speed of light is lesser in it. Example: water is 
denser than air.  

Please note the type of medium is comparative study 
as one medium can be rarer in one case and can be 
denser in another case. For example: water is denser 
than air but water is rarer in comparison to glass. This 
change in the path of light while travelling from one 
medium to another causes a change in the speed of 
light and is called refraction or we can say that the 
bending of light ray when it passes from one medium 
to another is called refraction.  

 

 

 

 

 

Like in the figure above, the speed of light decreases 
when it passes from air to water because water is 
denser than air. 

Law of Refraction 

These are the laws obeyed by the surface from 
wherever the refraction takes place: 

 Incident ray, normal ray and the refracted ray all lie in 
the same plane. 

• The ratio of sine of angle of incidence to the sine of 
the angle of refraction is always constant for a 
particular pair of media. 



 

©AKS IAS www.aksias.com 8448449709                25 

Refraction when light passes from denser to rarer 

medium 

When light passes from a denser to a rarer medium, it 
gets deflected away from the normal and in this case 
the angle of refraction is greater than the angle of 
incidence. 

Refraction when light passes from rarer to denser 
medium 

Likewise, when it passes from rarer to denser, it moves 
towards normal and in this case the angle of refraction 
is less than the angle of incidence.  

Refractive Index 
This is another physical quantity that is related to 
refraction. It is defined as the speed of light in vacuum 
/speed of light in a given medium or it is the ratio of the 
sine of the angle of incidence to the sine of the angle of 
refraction is always constant for a particular pair of 
media. 

 Note: The refractive index is denoted by ‘n’ and it has 
no units. Also, value of refractive index for one medium 
with respect to another is the reciprocal of the value of 
refractive index of the second to the first medium. 

15. Magnetic Effects of Electric Current 

1. Hans Christian Oersted (1777-1851) 
Oersted showed that electricity and magnetism are 
related to each other. His research later used in radio, 
television etc. 

The unit of magnetic field strength is named Oersted in 
his honour. 

2.Oersted Experiment 

 
On 
passing 
the 
current through the copper wire XY in the circuit, the 
compass needle which is placed near the conductor 
gets deflected. If we reverse the direction of current, 
the compass needle deflects in reverse direction. If we 
stop the flow of current, the needle comes at rest. 

Hence, it can be concluded that electricity and 
magnetism are linked to each other. It shows that 
whenever the current will flow through the conductor, 
then a magnetic field will develop. 

3. Magnetic Field: It is the region surrounding a 
magnet, in which force of magnet can be detected. It is 
a vector quantity, having both direction& magnitude. 

4. Compass Needle: It is a small bar magnet, whose 
north end is pointing towards north pole and south end 
is pointing towards south pole of earth. 

5. Magnetic Field Lines: The tangent to the magnetic 
field line at a point gives the direction of magnetic field 
at that point. 

Hence, magnetic field line is a path along which a 
hypothetical free north pole tends to move towards 
south pole. 

6. Characteristics of Magnetic field lines : 

(a) The direction of magnetic field lines outside the 
magnet is always from north pole to south pole of bar 
magnet and are indicated by an arrow. Inside the 
magnet, the direction of field lines is from its south 
pole to north pole. Thus, magnetic field lines are closed 
curves. 

(b) The strength of magnetic field is expressed by the 
closeness of magnetic field lines. Closer the lines, more 
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will be the strength and farther the lines, less will be 
the magnetic field strength. 

(c) No two field lines will intersect each other. If they 
intersect, then at point of intersection the compass 
needle will show two directions of magnetic field 

which is not possible. 

 
7. Magnetic field due to Current Carrying 
Conductor 

 

The above electric circuit in which a copper wire is 
placed parallel to a compass needle, shows the 
deflection in needle gets reversed, when the direction 
of current reversed. Hence electricity and magnetism 
are related to each other. 

8. Right Hand Thumb Rule 

It is a convenient way of finding the direction of 
magnetic field associated with current carrying 
conductor. Hold the straight wire carrying current in 
your right hand such that thumb points towards the 
direction of current, then your folded fingers around 
the conductor will show the direction of magnetic field. 

 
This rule also called Maxwell’s corkscrew rule. 

9. Magnetic Field due to Current through a 

Straight Conductor 

 
Let a current carrying conductor be suspended 
vertically and the electric current is flowing from south 
to north. In this case, the direction of magnetic field will 
be anticlockwise. If the current is flowing from north to 
south, the direction of magnetic field will be clockwise. 

A current carrying straight conductor has magnetic 
field in the form of concentric circles; around it. 
Magnetic field of current carrying straight conductor 
can be shown by magnetic field lines. 

10. Magnetic Field due to Current through a 

circular Loop 

 

Every point on the wire carrying current give rise to the 
magnetic field, appearing as a straight line at the centre 
of loop. By applying Right hand Thumb rule, we can find 
the direction of magnetic field at every section of the 
wire. 

11. Solenoid: A Coil of many circular turns of insulated 
copper wire wrapped closely in the shape of a cylinder 
is called solenoid. 
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12. Magnetic field due to a current in a solenoid  

 
• Using R.H. Thumb Rule, we can draw the pattern of 

magnetic field lines around a current carrying 
‘Solenoid’. 

• One end of the solenoid behaves as a magnetic 
north pole,while the other end behave as the 
South Pole. 

• The filed lines inside the solenoid are in form of 
parallel straight lines, that implies that magnetic 
field inside the solenoid is same at all points i.e. 
Field is uniform. 

The strength of the magnetic field produced 
depends upon 

(a) the number of turns 
(b)  Strength of current in the solenoid used in 

making solenoid. 

13. Electromagnet: Strong magnetic field inside the 
solenoid can be used to magnetise a magnetic material 
for example soft iron, when it is placed inside the coil. 
The magnet so formed is called electromagnet. It is a 
temporary magnet. 

Properties of Magnetic Field: 

• The magnitude; of magnetic field increases with 
increase in electric current and decreases with 
decrease in electric current. 

• The magnitude of magnetic field; produced by 
electric current; decreases with increase in 
distance and vice-versa. The size of concentric 
circles of magnetic field lines increases with 
distance from the conductor, which shows that 
magnetic field decreases with distance. 

• Magnetic field lines are always parallel to each 
other. 

• No two field lines cross each other. 

14. Force on a current carrying conductor in a 

magnetic field. 

Andre Marie Ampere (1775–1836) suggested that the 
magnet also exert an equal and opposite force on the 
current carrying conductor. 
 

We will observe that the rod will displace i.e. the rod 
will experience a force, when it is placed in magnetic 
field, in a perpendicular direction to its length. 

• The direction of the exerted force will be reversed 
if the direction of current through the conductor is 
reversed. 

• If we change the direction of field by inter changing 
the two poles of the magnet, again the direction of 
exert force will change. 

• Therefore, the direction of exerted force depends 
on 

(a) direction of current 
(b) direction of magnetic field lines. 

15. Left Hand fleming Rule 

 

OR 

 

• According to 
this rule, 
stretch thumb, forefinger, and middle finge rof 
your left hand such that they are 
mutually perpendicular to each other. 

If fore finger represent direction of magnetic field & 
middle finger represent direction of 
current,then thumb will point in the direction 
of motion or force acting on the conductor. 

ELECTRIC MOTOR : 
Electrical energy is converted into mechanical energy 
by using an electric motor. Electric motor works on the 
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basis of rule suggested by Marie Ampere and Fleming’s 
Left Hand Rule. 

In an electric motor, a rectangular coil is suspended 
between the two poles of a magnetic field. The electric 
supply to the coil is connected with a commutator. 
Commutator is a device which reverses the direction of 
flow of electric current through a circuit. 

When electric current is supplied to the coil of electric 
motor, it gets deflected because of magnetic field. As it 
reaches the half way, the split ring which acts as 
commutator reverses the direction of flow of electric 
current. Reversal of direction of current reverses the 
direction of forces acting on the coil. The change in 
direction of force pushes the coil; and it moves another 
half turn. Thus, the coil completes one rotation around 
the axle. Continuation of this process keeps the motor 
in rotation. 

In commercial motor, electromagnet; instead of 
permanent magnet; and armature is used. Armature is 
a soft iron core with large number of conducting wire 
turns over it. Large number of turns of conducting wire 
enhances the magnetic field produced by armature. 
 

16. Michael Faraday : Gave the law of Electro 
magnetic Induction : When a conductor is set to 
move inside a magnetic field or a magnetic field is 
set to be changing around a conductor, electric 
current is induced in the conductor. 

17. Galvanometer : It is an instrument that can detect 
the presence of a current in a circuit. If pointer is at zero 
(the centre of scale) then there will be no flow of 
current. 
If the pointer deflect on either side right or left, this will 
show the direction of current. Represented by 
 

ELECTRIC GENERATOR: 
 
The structure of electric generator is similar to that of 
an electric motor. In case of an electric generator a 
rectangular armature is placed within the magnetic 
field of a permanent magnet. The armature is attached 
to wire and is positioned in way that it can move 
around an axle. 

When the armature moves within the magnetic field an 
electric current is induced. The direction of induced 
current changes, when the armature crosses the 
halfway mark of its rotation. Thus, the direction of 

current changes once in every rotation. Due to this, the 
electric generator usually produces alternate current, 
i.e. AC. To convert an AC generator into a DC generator, 
a split ring commutator is used. This helps in producing 
direct current. 

19. Fleming’s Right Hand Rule 

 

OR 

 

Rule can be defined as: 

Stretch, thumb, forefinger, and middle finger of right 
hand, so that they are perpendicular to each other. The 
forefinger indicates direction of magnetic field, thumb 
shows the direction of motion of conductor, then the 
middle finger will shows the direction of induced 
current. 

Electrical generator is based on the principle of 
electromagnetic induction. It converts mechanical 
energy into electrical energy. 
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21. Advantages of Alternate Current (AC) over 

Direct Current (DC) 

Electric power can be transmitted to longer distances 
without much loss of energy. Therefore, cost of 
transmission is low. 

In India the frequency of AC is 50Hz. It means after 
every 1/100 second it changes its direction. 

22. Domestic Electric Circuits: 

In our homes, the electric power supplied is of 
potential difference V = 220V and frequency 50Hz. 

It consists of three wires: – 

1. Wire with red insulation cover – LIVE WIRE 
(POSITIVE) Live wire is at high potential of 220V. 

2. Wire with black insulation cover – NEUTRAL 
WIRE(NEGATIVE) Neutral wire is at zero 
potential Therefore, the potential difference 
between the two is 220V. 

3. Wire with Green insulation cover – EARTH WIRE 
It is connected to a copper plate deep in the earth 
near house. 

The metallic body of the appliances is connected with 
the earth wire as a safety measure. 

 

Earth wire provide a low resistance to the current 
hence any leakage of current to the metallic body of 
the appliances, keep its potential equal to that of earth. 
That means zero potential and the user is saved from 
severe electric shock. 

Point to be noted in Domestic Circuit 

(a) Each appliance has a separate switch of ON/OFF 
(b) In order to provide equal potential difference to 
each appliance, they should be connected parallel to 
each other. So that they can be operated at any time. 

 

24. Short Circuiting 

Due to fault in the appliances or damage in the 
insulation of two wires, the circuit will offer zero or 
negligible resistance to the flow of current. Due to low 
resistance, large amount of current will flow. 
According to Joule’s law of heating effect, heat is 
produced in live wire and produces spark, damaging 
the device and wiring. 

25. Overloading  

Overloading can be caused by (1) Connecting too many 
appliances to a single socket or (2) accidental rise in 
supply voltage if the total current drawn by the 
appliances at a particular time exceeds the bearing 
capacity of that wire, it will get heated up. This is 
known as overloading. Fuse a safety device can prevent 
the circuit from overloading and short circuiting. 
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CHEMISTRY 

16. Metals and Non-Metals 

Element: Is a substance that can’t be broken into more 
simpler substances. Elements are classified into 
different categories:  

• Metals 
• Non Metals 
• Metalloids 
• Noble Gases 

• There 92 well known naturally occurring minerals of 
which 70 are metals and rets 20 are the non-metals. 

• Some metals possess the characteristics of both 
metals as well as non-metals. They are termed as 
metalloids. For instance, boron, silicon, germanium, 
arsenic, antimony, tellurium, and polonium. 

• Elements found in free state includes some metals 
like gold, silver, platinum etc. and some non-metals 
like helium, neon, argon etc. as well. 

• A major proportion of metals are found in combined 
states like oxides, sulphides, carbonates, silicates 
etc. Some non-metals like sulphur, phosphorous 
too are found to exist in combined state. 

Physical properties of metal 

• Metals are solid except mercury that is found in 
liquid state at room temperature. 

• They are hard and tough except sodium and 
potassium that can be cut with a knife. 

• They are lustrous i.e. they shine in light because 
metals possess free electrons that vibrates on 
getting in contact with light. 

• They have high melting points except caesium and 
gallium have very low melting point. 

• They are good conductors of heat and electricity. 
The best conductors of electricity are silver and 
copper whereas lead and mercury are 
comparatively poor conductors. 

• They have high density except alkali metals like 
lithium, sodium and potassium. 

• They are malleablee. they can be beaten into thin 
sheets. For instance, the aluminium foil we use to 
pack food is manufactured by beating the 
aluminium metal into thin sheets. This a 
characteristic property of metal. 

• They are ductilee. they can be drawn into wires. 
For instance. We all are familiar with copper and 
aluminium wires. It is due to their characteristic 
property of ductility that these metals can be 
drawn into wires. 

• They are sonorouse. they produce a ringing sound 
when struck against a hard object. For instance, 
your school bells are made of metal that produces 
a ringing sound after the period is over when struck 
hard by a hammer. 

Physical properties of non-metals  

• Non-metals may be either solids, liquids or gases. 
• Solid non-metals are brittle and break down into 

powdery mass on striking with a hammer except 
diamond which is the hardest non-metal. 

• They have a dull luster but iodine is lustorous. 
• They have low melting points except diamond that 

has very high melting point. 
• They are poor conductors of heat and electricity 

except graphite. 
• They are not malleable. 
• They are not ductile. 
• They are not sonorous. 
• Examples are carbon, Sulphur, oxygen, 

phosphorous and many more. 

Reactions of metal with oxygen 

• Metals reacting with oxygen is observed in our day 
to day life. We all must have observed rusting of 
iron, silver jewellery getting tarnished, or copper 
articles getting covered by green layer. Metals 
reacts with atmospheric oxygen and produces 
metal oxides that are basic in nature because they 
react with water to form bases. 

• In case of rusting of iron, the iron reacts with the 
oxygen present in air and moisture and develops 
rust (hydrated iron (III) oxide). 

• In case of rusting of copper, the metallic copper 
reacts with oxygen, carbon-dioxide and 
atmospheric moisture and develops a green 
coloured coating of copper hydroxide and copper 
carbonate. 

• In case of tarnishing of silver articles, the metallic 
silver reacts with hydrogen sulphide or sulphur 
present in air and gets tarnished. 

• Copper burns in air to combines with oxygen and 
form copper (II) oxide, a black oxide. 

Reactions of metal with water 

• Sodium being very reactive reacts vigorously with 
water leading to the production of sodium 
hydroxide and hydrogen. Therefore it is stored in 
kerosene. 
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• Magnesium does not react with cold water. 
Magnesium undergoes reaction with hot water to 
form magnesium hydroxide and hydrogen. 

• The reaction of calcium with water evolves heat 
that is not sufficient for the hydrogen to catch fire. 

• Whereas metals like aluminium, iron and zinc 
reacts neither with cold nor hot water. Instead, 
they react with steam to form the metal oxide and 
hydrogen. 

Reactions of metal with acids 

Metals react with acids to produce hydrogen gas. If a 
matchstick is brought near the mouth of the tube 
containing the product of the reaction then we hear a 
pop sound. It is this hydrogen gas that burns with a pop 
sound.  

• For instance, Magnesium reacts with dilute 
hydrochloric acid to form magnesium chloride and 
hydrogen. 

Corrosion 

• In case of rusting of iron, the iron reacts with the 
oxygen present in air and moisture and develops 
rust (hydrated iron (III) oxide). 

• In case of rusting of copper, the metallic copper 
reacts with oxygen, carbon-dioxide and 
atmospheric moisture and develops a green 
coloured coating of copper hydroxide and copper 
carbonate. 

Prevention from Corrosion 

Following methods can be used to prevent corrosion: 

• Galvanisation 

Method to protect steel and iron articles from rusting 
by coating them with a thin layer of zinc. 

• Alloying 

Homogeneous mixture of two or more metals, or a 
metal and a non-metal to change the properties of the 
pure state metals and protect them from rust. 

For instance, Iron is used widely for different purposes 
but it is never used in pure state. It is due to the fact 
that pure iron is very soft and stretches in hot state. But 
mixing with small amount of carbon (about 0.05%) 
makes it strong and tough. Mixing nickel and chromium 

with iron gives stainless steel, which is hard and does 
not rust. 

17. Acids, Bases and Salts  

Classification of matter 

On the basis of 
a) composition –  elements, compounds and mixtures 
b) state – solids, liquids and gases 
c) solubility – suspensions, colloids and solutions 

Types of mixtures – homogeneous and heterogeneous 
Types of compounds – covalent and ionic 

What Is an Acid and a Base? 

Ionisable and non-ionisable compounds 

• An ionisable compound when dissolved in water or 
in its molten state, dissociates into ions almost 
entirely. Example: NaCl, HCl, KOH, etc. 

• A non-ionisable compound does not dissociate into 
ions when dissolved in water or in its molten 
state. Example: glucose, acetone, etc. 

Arrhenius theory of acids and bases 

Arrhenius acid – when dissolved in water, dissociates 
to give H+ (aq) or H3O+ ion. 
Arrhenius base – when dissolved in water, dissociates 
to give OH− ion. 

Examples 

Acids  

• Hydrochloric acid (HCl) 
• Sulphuric acid  (H2SO4) 
• Nitric acid (HNO3) 

Bases 

• Sodium hydroxide (NaOH) 
• Potassium hydroxide (KOH) 
• Calcium hydroxide (Ca(OH)2) 

Bronsted Lowry theory 

A Bronsted acid is an H+ (aq) ion donor. 
A Bronsted base is an H+ (aq) ion acceptor. 

Example  



 

©AKS IAS www.aksias.com 8448449709                32 

In the reaction: HCl (aq) +NH3 (aq) →NH+4(aq) +Cl− (aq) 
HCl – Bronsted acid and Cl− – its conjugate acid 
NH3 – Bronsted base and NH+4 – its conjugate acid 

Physical test 

Given are two possible physical tests to identify an 
acid or a base. 

a. Taste 

An acid tastes sour whereas a base tastes bitter. 
The method of taste is not advised as an acid or a 
base could be contaminated or corrosive. 

b. Effect on indicators by acids and bases 

An indicator is a chemical substance which shows a 
change in its physical properties, mainly colour or 
odour when brought in contact with an acid or a base. 
Below mentioned are commonly used indicators and 
the different colours they exhibit: 

a) Litmus 
In a neutral solution – purple 
In acidic solution – red 
In basic solution – blue 

Litmus is also available as strips of paper in two 
variants – red litmus and blue litmus. 
An acid turns a moist blue litmus paper to red. 
A base turns a moist red litmus paper to blue. 

b) Methyl orange 
In a neutral solution – orange 
In acidic solution – red 
In basic solution – yellow 

c) Phenolphthalein 
In a neutral solution – colourless 
In acidic solution – remains colourless 
In basic solution – pink 

Acid-Base Reactions 

a) Reaction of acids and bases with metals 

Acid + active metal →  salt + hydrogen + heat 

Base + metal → salt + hydrogen + heat 

A more reactive metal displaces the less reactive 
metal from its base. 

b) Reaction of acids with metal carbonates and 

bicarbonates 

Acid + metal carbonate or bicarbonate →  salt + water 
+ carbon dioxide. 

c) Neutralisation reaction 

1. Reaction of metal oxides and hydroxides with acids 
Metal oxides or metal hydroxides are basic in nature. 
Acid + base → salt + water + heat 

2. Reaction of non-metal oxides with bases 

Non-metal oxides are acidic in nature 
Base + Non-metal oxide →  salt + water + heat 

Water 

Acids and bases in water 

When added to water, acids and bases dissociate into 
their respective ions and help in conducting 
electricity. 

Difference between a base and an alkali 

Base- 

• Bases undergo neutralisation reaction with 
acids. 

• They are comprised of metal oxides, metal 
hydroxides, metal carbonates and metal 
bicarbonates. 

• Most of them are insoluble in water. 

Alkali – 

• An alkali is an aqueous solution of a base, 
(mainly metallic hydroxides). 

• It dissolves in water and dissociates to give 
OH− ion. 

• All alkalis are bases, but not all bases are 
alkalis. 

Hydronium ion 

Hydronium ion is formed when a hydrogen ion 
accepts a lone pair of electrons from the oxygen atom 
of a water molecule, forming a coordinate covalent 
bond. 
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Dilution 

Dilution is the process of reducing the concentration of 
a solution by adding more solvent (usually water) to it. 

It is a highly exothermic process. To dilute acid, the acid 
must be added to water and not the other way round. 

Strength of acids and bases 

Strong acid or base: When all molecules of a given 
amount of an acid or a base dissociate completely in 
water to furnish their respective ions, H+(aq) for acid 
and OH−(aq) for base). 

Weak acid or base: When only a few of the molecules 
of a given amount of an acid or a base dissociate in 
water to furnish their respective ions, H+(aq) for acid 
and OH−(aq) for base). 

Dilute acid: contains less number of H+(aq) ions per 
unit volume. 
Concentrated acid: contains more number of H+(aq) 
ions per unit volume. 

Universal indicator 

A universal indicator has a pH range from 0 to 14 that 
indicates the acidity or alkalinity of a solution. 
A neutral solution has pH=7 

pH 

pH=−log10[H+] 
In pure water, [H+]=[OH−]=10−7 mol/L. Hence, the pH 

of pure water is 7. 
The pH scale ranges from 0 to 14. 

If pH < 7 – acidic solution 
If pH > 7- basic solution 

 pH scale 

Importance of pH in everyday life 

1. pH sensitivity of plants and animals 

Plants and animals are sensitive to pH. Crucial life 
processes such as digestion of food, functions of 
enzymes and hormones happen at a certain pH value. 

2. pH of a soil 

The pH of a soil optimal for the growth of plants or 
crops is 6.5 to 7.0. 

3. pH in the digestive system 

o The process of digestion happens at a specific pH in 
our stomach which is 1.5 – 4. 

o The pH of the interaction of enzymes, while food is 
being digested, is influenced by HCl in our stomach. 

4. pH in tooth decay 

Tooth decay happens when the teeth are exposed to 
an acidic environment of pH 5.5 and below. 

5. pH of self-defence by animals and plants 

Acidic substances are used by animals and plants as a 
self-defence mechanism. For example, bee and plants 
like nettle secrete a highly acidic substance for self-
defence. These secreted acidic substances have a 
specific pH. 

Manufacture of Acids and Bases 

a) Non-metal oxide + water → acid 

Non-metal oxides are thus referred to as acid 
anhydrides. 

b) Hydrogen + halogen → acid 

c) Metallic salt + conc. sulphuric acid → salt + more 
volatile acid 

d) Metal + oxygen → metallic oxide (base) 

e) Metal + water → base or alkali + hydrogen 
f) Few metallic oxides + water → alkali 
g) Ammonia + water → ammonium hydroxide 
 
Salts 

A salt is a combination of an anion of an acid and a 
cation of a base. 

Examples – KCl,NaNO3,CaSO4,etc. 
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Salts are usually prepared by the 
neutralisation reaction of an acid and a base. 

Common salt 

Sodium Chloride (NaCl) is referred to as common salt 
because it’s used all over the world for cooking. 

Family of salts 

Salts having the same cation or anion belong to the 
same family. For example, NaCl, KCl, LiCl. 

pH of salts 

A salt of a strong acid and a strong base will be neutral 
in nature. pH = 7 (approx.). 

A salt of a weak acid and a strong base will be basic in 
nature. pH > 7. 

A salt of a strong acid and a weak base will be acidic in 
nature. pH < 7. 

The pH of a salt of a weak acid and a weak base is 
determined by conducting a pH test. 

Preparation of Sodium hydroxide 

Chemical formula – NaOH 
Also known as – caustic soda 
Preparation (Chlor-alkali process): 
Electrolysis of brine (solution of common salt, NaCl) is 
carried out. 
At anode: Cl2 is released 
At cathode: H2 is released 
Sodium hydroxide remains in the solution. 

Bleaching powder 

Chemical formula – Ca(OCl)Cl or CaOCl2 
Preparation – Ca(OH)2(aq)+Cl2(g)→CaOCl2(aq)+H2O(l) 

On interaction with water – bleaching powder 
releases chlorine which is responsible for bleaching 
action. 

Baking soda 

Chemical name – Sodium hydrogen carbonate 
Chemical formula – NaHCO3 
Preparation (Solvay process) –  
a. Limestone is heated: CaCO3→CaO+CO2 

b. CO_2 is passed through a concentrated solution of 
sodium chloride and ammonia: 

Uses: 
1. Textile industry 
2. Paper industry 
3. Disinfectant 

Washing soda 

Chemical name – Sodium hydrogen carbonate 
Chemical formula – NaHCO3 
Preparation (Solvay process) –  
a. Limestone is heated: CaCO3→CaO+CO2 
b. CO_2 is passed through a concentrated solution of 
sodium chloride and ammonia: 
Uses 
1. In glass, soap and paper industries 
2. Softening of water 
3. Domestic cleaner 

Crystals of salts 

Certain salts form crystals by combining with a 
definite proportion of water. The water that combines 
with the salt is called water of crystallisation. 

Plaster of paris 

Gypsum, CaSO4.2H2O (s) on heating at 100°C (373K) gi
ves CaSO4. ½ H2O and 3/2 H2O 
CaSO4. ½ H2O is plaster of paris. 
CaSO4. ½ H2O means two formula units 
of CaSO4 share one molecule of water. 
Uses – cast for healing fractures. 

18. Atoms and Molecules 

The entire Universe is composed of matter and energy. 

Energy is the aptitude to perform a work. On the other 

hand matter has mass and occupies space.  Maharishi 

kannad postulated that if we go on dividing matter we 

will derive smaller and smaller particles which on 

further division gives off further smaller particles finally 

leading to the derivation of the smallest particle that 

cannot be further divided. He named these particles to 

be parmanu or atom. Matters are composed of basic 

elements that cannot be broken down to substances 

with different chemical or physical properties. 

Laws of chemical combination 
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To understand the chemistry of the compounds, it is 
essential to devise a theory that accounts for both 
qualitative and quantitative interpretations during 
chemical changes. 

Laws of conservation of mass 

The law states that mass can neither be created nor 
destroyed in a chemical reaction i.e. Total masses of 
reactants is equal to the sum of masses of products and 
the masses of unreacted reactants. For instance, the 
reaction of carbon with oxygen to produce carbon-
dioxide involves conservation of mass in the following 
way. 

 

Laws of constant proportion 

The law states that in a chemical substance the 
elements are always present in a definite proportion by 
mass. It is also termed as law of definite proportion. 

For instance, the ratio of hydrogen and oxygen in water 
obtained from any source is 1:8 i.e., 1g of hydrogen and 
8g of oxygen together make up 9g of water. 

Atoms 

According to John dalton all elements, compounds or 
mixtures are composed of some small particles which 
cannot be further divided into smaller particles. They 
are known as atoms. They are referred to as the basic 
building blocks of an element, compound or mixture. 
They are very small and their radius can be measured 
in nanometres. 

Atomic radius is measured in nanometres. 1/109 m = 1 
nm or 1m = 109 nm. 

Dalton’s atomic theory 

The postulates of this theory may be stated as follows: 

• Matters are composed of very tiny particles called 
atoms. 

• These particles are too small to see and cannot be 
created or destroyed in a chemical reaction. 

• Atoms of a specified element are identical in mass 
and chemical properties. 

• Atoms of different elements have different masses 
and chemical properties. 

• Atoms combine in the ratio of small whole 
numbers to form compounds. 

• The relative number and kinds of atoms are 
constant in a given compound. 

Naming atoms 

The names of the elements were named in accordance 
with the place from where they were derived. For 
instance, copper was excavated from Cyprus. 

Then later on Berzilius insisted of using the first single 
or the first two alphabets to denote the element. But 
now-a-days IUPAC (International Union of Pure and 
Applied Chemistry) assigns the names of the 
elements. 

Symbols of atoms of different elements 

• There are 115 elements present on earth till now. 
• Symbols of elements are either the first letter or 

first two letters of the name of the elements. 
• First letter of the symbols is always capital. For 

instance, H for hydrogen, Al not AL for aluminum, 
Co for cobalt. 

• Some of the names involves the first letter of the 
element name and the letter that appears later in 
it. For instance, Cl for chlorine, Zn for zinc etc. 

• Some of the elements have their symbols derived 
from their names in latin or greek. For instance, Na 
(natrium) for sodium, Fe (Ferrous) for iron, K 
(kalium) for potassium. 

Atomic mass 

• Atomic mass refers to the mass of an atom. It 
depicts how many times an atom of an element is 
heavier than one-twelth (1/12th) the mass of one 
atom of carbon-12 of mass of one carbon atom. 
The relative atomic masses of all elements have 
been established with reverence to an atom of 
carbon-12. It is measured in unit called amu 
(atomic mass unit). 1/12 of the mass of one atom 
of carbon is termed as relative atomic mass. It 
doesnot possess a unit. 

Molecules 

• We all know that bricks are the basic building 
blocks of a building. The bricks cannot exist 
independently.  

• The bricks are used to make small rooms that 
together constitute the entire building. The rooms 
can be regarded as molecules that are composed 
of bricks and together build up the entire building. 
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• Similarly in most of the elements atoms do not 
exist independently. They exist as molecules that 
aggregates in large numbers to form the matter. 

• Molecules refers to the cluster of two or more 
atoms chemically bonded together and tightly held 
together by attractive forces. It can be defined as 
the tiniest particle of an element or compound 
proficient of an independent existence and shows 
all the properties of that substance. 

Atomicity 

• The number of atoms present in a single molecule 
is termed as its atomicity. 

Ions 

• Metals and non-metals leads to the formation of 
Compounds that possess charged species. These 
charged species are called ions. 

19. Matter In Our Surroundings 

Everything in our surroundings are known as matter. They 

may be the food we eat, the vehicles, the gadgets, the day 

to day materials that we use, the air we breathe or the water 

that we drink. All of these things occupy some space and 

have mass and volume. For instance, in classrooms the 

benches that the students use to sit occupy, some space of 

the classroom. They have mass and volume and hence they 

can be regarded as matter. 

According to the Indian philosophers matter can classified 

into five primitive elements. They are also known as Pancha 

Tatva- air, soil, fire, and water. Every living or non-living is 

made up these five primitive elements. 

Properties of matter 

We all know that matter is composed of some very 
small particles called atoms that sum up together to 
form molecules which in turn gives rise to matter. 
These particles of matter possess some properties as 
follows: 

• Matter is made up of particles  
• The particles of matter are very small in size. 
• The particles of matter have space between 

them. 
• The particles of matter are continuously 

moving. 
• The particles of matter attract each other. 

States of matter 

• Matter can be categorised into three states. 

Solid state 

• They have definite shape due to strong 
Intermolecular forces of attraction. 

• They have distinct boundaries. 
• They have a fixed volume. 
• They cannot flow. 
• They have negligible compressibility due to 

negligible distance between the neighbouring 
molecules. 

• They possess a tendency to uphold their shape 
when exposed to external force. 

• They break under force but it is difficult to change 
their shape so they are rigid. 

• They have high density and do not diffuse at all. 

Liquid state 

• A liquid has no definite shape and takes up the 
shape of the container in which it is kept. 

• A liquid has a definite volume due to weaker 
intermolecular force of attraction than solids. 

• They can flow from a higher lever to a lower level. 
• A liquid is compressible due to larger distance 

between the neighbouring molecules than solid 
but lesser than gas. 

• They have lower density. 
• A liquid can diffuse into another liquid due to fact 

that molecules move faster in a liquid but is slower 
as compared to gases. 

Gaseous state 

• They do not have definite shape and take up the 
shape of the container. 

• They do not possess definite volume due to 
weakest intermolecular forces. 

• They are not rigid. 
• They are easily compressible due to excess space 

between the particles of gas which compresses on 
applying pressure. 

• They can easily undergo diffusion due to the fact 
that molecules in a gas moves at a very fast rate 
due to which speed of diffusion is very large. 
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• They can flow in all possible directions. 

Change of state of matter due to effect of 
temperature 

• We are already aware of the fact that kinetic 
energy of the particles of a matter increases with 
the increase in temperature. Due to this increase in 
kinetic energy the particles start to vibrate with 
greater speed. The energy provided by the 
application of heat breaks the force of attraction 
between the particles and as a result the particles 
leave their respective position and starts moving 
freely. 

• A phase is reached where at certain temperature 
solid gets converted to liquid. This temperature at 
which a solid melts and converts into liquid at 
atmospheric pressure is termed as melting point. 

• Particles of water possess greater kinetic energy at 
0oC. On application of more heat the particles of 
water starts moving faster. At specific temperature 
the particles acquire enough energy to break free 
from the forces of attraction of each other. At this 
temperature the liquid starts changing into gas. 
This temperature at which a liquid starts boiling 
and starts converting to gas at the atmospheric 
pressure is called boiling point. 

Latent heat of fusion 

• During the melting of solid, the temperature 
remains the same. The heat gets used up in 
overcoming the forces of attraction between the 
particles of matter. The heat energy is being 
absorbed by solid ice without any rise in 
temperature. This heat is regarded to be hidden in 
the contents of the container and is called latent 
heat. 

Latent heat of vaporisation 

• The term latent heat of vaporisation can be defined 
as the amount of heat needed for the conversion 
of 1kg of liquid at its boiling point to gas at same 
temperature.  It differs among different liquids. 

• Particles of water vapour at 100oC (373K) have 
more energy than liquid water at same 
temperature. this due to the absorption of extra 
energy in the form of latent heat of vaporisation. 

Change of state of matter due to effect of 
pressure 

• Pressure creates no effect on solids or liquids 
because both these states of matter are non-

compressible. But if pressure is increased on solid 
it breaks. 

• But on the other hand application of pressure with 
reduced temperature can liquefy gases. For 
instance, during parties or stage shows you must 
have noticed smoke that spreads al around the 
stage. It is nothing but dry ice (solid carbon-
dioxide). Solid carbon-dioxide is stored under high 
pressure that liquefies instantly as soon as the 
pressure is reduced to 1 atmospheric pressure. 

Fusion 

• The phenomenon of change of solid into liquid is 
termed as fusion. For instance, melting of ice. 

Solidification 

• The phenomenon of change of liquid to solid is 
called solidification. For instance, formation of ice 
from water. 

Condensation 

• The phenomenon of change of gas to liquid is 
called condensation. For instance, presence of 
water droplets on surface of glass containing cold 
water because the water vapour present in air 
when comes in contact with the cold glass of water 
it loses its energy and condenses to liquid state. 
This is seen as water droplets on the surface of 
glass. 

Sublimation  

• The phenomenon of change of solid directly to gas 
or conversion of gas directly to liquid without 
changing into liquid state is called sublimation. For 
instance, camphor also called capoor when kept 
for a long time vanishes. This is due to the 
sublimation of camphor. 

Evaporation 

• The three states of matter possess different rate of 
kinetic energy at different temperature. Due to 
increase in temperature the particles at the surface 
of liquid possessing higher kinetic energy are 
capable to break away from the forces of attraction 
of other particles present in the surrounding and 
vaporises. This process of conversion of liquid to 
vapour at any temperature below its boiling point 
is termed as evaporation. 
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• For instance, the wet clothes laid outside in the 
sunlight becomes dry after some time due to the 
evaporation of water particles form the surface of 
the clothes. 

Factors affecting evaporation 

• We are well aware of the fact that evaporation is a 
surface phenomenon. Therefore, increasing the 
surface area increases the rate of evaporation. 

• Increasing temperature also increases the rate of 
evaporation because with the rise in temperature 
more number of particles get enough kinetic 
energy to convert into vapour state. 

• Content of water vapour in the atmosphere is 
known as humidity. It is a well known fact that air 
can hold water upto a certain amount. If the 
amount of water in atmosphere is already high 
then rate of evaporation will decrease. Therefore, 
decreasing the humidity also increases the rate of 
evaporation. 

• It is commonly observed that clothes dry at a fast 
rate during windy days. This is because with the 
increase in wind speed the Water particles move 
away with the wind which in turn decreases the 
amount of water vapour from the atmosphere. 
Therefore, increasing the wind speed increases the 
rate of evaporation. 

Evaporation causing coolness 

• The phenomenon of evaporation takes place in the 
presence of heat. During this phenomenon the 
liquid absorbs the heat energy from the 
surrounding to recover the energy gone astray 
during evaporation. This absorption of heat energy 
from the surrounding makes the surrounding area 
cool. 

• Due to this fact when you pour acetone on your 
palm you feel cool because the acetone evaporates 
by absorbing the heat energy from your palm 
leaving your palm feel cool. 

Wearing cotton clothes in summer 

• During summer days we sweat more than usual 
which keeps us cool. Because the sweat evaporates 
by obtaining heat from our body and changes into 
vapour. The heat equivalent to latent heat of 
vaporisation is being absorbed from the body that 
makes the body cool. 

• It is recommended to wear cotton clothes in 
summer due to the fact that cotton is good 
absorber of water that helps to absorb the sweat 

and brings it in contact to the surrounding 
atmosphere for easy evaporation. 

 

 

 

 

 

 

 

20. Carbon and Its Compounds 

Introduction 

All the substances that surround us have carbon 
components within them.  All living and non-living 
components in the environment are carbon based. 

Human body contains 18% of carbon and act as the 
basic building block of the cells present in human body. 
It is necessary for the cellular respiration of the various 
parts of human body. 

Carbon is basically an element and is of extensive 
importance and significance, both in its elemental form 
and in its combined form for the survival on earth. 
0.02% of carbon is present in the earth’s crust in the 
form of carbonates, hydrogen carbonates, coal, 
petroleum and other minerals whereas 0.03% of 
carbon is present in the atmosphere. 

Versatile nature of carbon 

The versatile nature of carbon due to the presence of 
covalent bond enables it to form a large number of 
compounds. 

• Carbon due to its property of catenation possesses 
a unique ability to form bonds with other atoms of 
carbon, giving rise to large number of molecules 
and compounds having long chains of carbon, 
branched chains of carbon or carbon atoms 
arranged in rings and linked by single, double or 
triple bonds. 

• Carbon being tetravalent is capable of bonding 
with four other atoms of carbon or any other 
combining mono-valent element. 



 

©AKS IAS www.aksias.com 8448449709                39 

•  Carbon forms compounds with oxygen (Carbon-
dioxide), hydrogen (Methane), nitrogen (Hydrogen 
cyanide), sulphur, chlorine (Chloromethane) and 
many other elements giving rise to compounds 
with specific properties depending upon the 
elements present in the compound. 

• The compounds formed are stable due to their 
strong bonds as a result of its small size which 
enables the nucleus to hold the shared pair of 
electrons firmly. 

Saturated Carbon Compounds 

• Compounds formed by the linking of carbon by 
single bonds in between them are called saturated 
compounds. 

• These compounds have hydrogen atoms that fill all 
of the other bonding orbitals of the carbon atoms. 

• This saturated compound is extensively used as a 
fuel and is one of the significant constituents of 
bio-gas and Compressed Natural Gas (CNG). 

UnSaturated Carbon Compounds 

• These are the compounds in which various carbon 
atoms in a chain or a ring are linked together by 
double or triple bonds.  

• Alkenes (where carbon atoms are linked through 
double bonds) and alkynes (where carbon atoms 
are linked through triple bonds) are the most 
common examples of unsaturated chain carbon 
compounds. 

Properties of Ethanol 

• Ethanol exists in liquid state at room temperature. 

• Mixture of alcohol to ethane results in the 
formation of ethanol and it is the active ingredient 
of all alcoholic drinks. Even a small quantity of 
ethanol if consumed can causes drunkenness. 

• Being a good solvent, it is also used in medicines 
like tincture of iodine, cough syrups, and many 
other tonics. 

• In cosmetics and beauty products industry, it is a 
common ingredient when it comes lotions as 
preservatives for helping the skin. 

• It is used in paints as preservatives because it is an 
effective solvent and also used in cleansing 
products for preventing breach of organisms 

• It is used as colour additive and is also used for 
giving an enhanced flavour 

• It is used in gasoline for preventing knocking of 
engines and maintenance of drivability. 

Ethanoic Acid? 

• Ethanoic acid (CH3COOH) belongs to the group of 
carboxylic acids and is commonly called as acetic 
acid.  

• It is slightly heavier than water with a density of 
1.05 g/cm3. After adding 5-8% of acetic acid in 
water it becomes vinegar and is mostly used as 
preservatives in pickles.  

• Acetic acid is the common name for Ethanoic acid. 

Uses of Acetic Acid 

• Ethanoic acid is widely used in many industries. 

• Commercially it is used in the manufacturing of 
esters, vinegar, and many polymeric materials. 

• Vinegar has been shown to reduce high 
concentrations of blood sugar. 

• Used as an agent to lyse red blood cells before 
white blood cells are examined. 

• Used as a solvent in the production of camphor, 
ascent and cooking ingredient. 

• Used as a stop bath for photographic emulsion 
development. 

• Farmers sometimes spray acetic acid on livestock 
silage to fight fungal and bacterial growth. 

Soaps And Detergents 

What are Soaps? 

A soap is a water-soluble compound which is made via 
a process called saponification by the reaction 
between sodium hydroxide or potassium hydroxide 
with vegetable or animal oil (fats). 

Characteristics of Soap 

1. Hardness – Harder soap which is a dense bar 
lasts longer. 

2. Cleansing – The first reason the majority of 
people use soap is to get clean. A soap 
molecule consists of a chain of carbon atoms 
where one end of the chain attracts oil and the 
other attracts water. Soap should be balanced 
and not too much or too less of cleansing 
ingredient should be added. 

3. Conditioner – Soap conditioners are referred 
to as emollients. Once you have washed your 
hands and what’s left behind on your skin after 
you rinse, depends on the type of soap a 
person uses. For instance, consider a person 
with dry skin, he/she should select a soap with 
moisturizing emollients that can prevent water 
evaporation. 
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4. Lather – Most people like soap which produces 
lather. The balance of bubbles and 
cleansing, soothing cream makes lather so 
satisfying. 

5. Fragrance – It is an essential factor. Aromas 
evoke a unique combination of personal 
memory and enrich our daily life. Fragrances 
revitalize us, calm us, and most importantly 
mask our body odors. 

What is Detergent? 

Amphipathic molecules that contain charged 
hydrophilic or polar groups at the end of long lipophilic 
hydrocarbon groups are called detergents. The 
charged hydrophilic group is also called the head and 
the long lipophilic hydrocarbon group is called the tail. 
Detergents are also known as surfactants as they have 
the ability to decrease the surface tension of water. 

Properties of Detergents 

1.  The concentration at which micelles formation 
starts is called as critical micelle 
concentration (CMC). 

2. Aggregation number is the average number of 
monomers in a micelle. 

3. Relative micelle size is indicated by micelle 
molecular weight. 

4. The temperature at which the detergent 
solution is around or above its critical micelle 
concentration separates into two phases is 
called the cloud point. 

21. Environmental Chemistry 

Environmental chemistry is the branch of chemistry 

which is concerned with the chemical phenomenon 

occurring in the environment. 

Classification of Environment 

1.Atmosphere 

Atmosphere is Ii gaseous mixture of air that surrounds 
the earth. Its different layers are as 

(1) Troposphere It is the lowest region of the 
atmosphere extending from earth’s surface to the 
lower boundary of the stratosphere. It contains 
water vapours and is greatly affected by air 
pollution. 

(2) Stratosphere The layer of the earth’s atmosphere 
above the troposphere and below the 
mesosphere, is called stratosphere. Ozone layer 
to; present in this region. 

(3) Mesosphere It is the region of the earth’s 
atmosphere above the stratosphere and below 
the thermosphere. It is the coldest region 
(temperature – 2 to 92°C) of atmosphere. 

(4) Thermosphere The upper region of the 
atmosphere above the mesosphere is called 
thermosphere It is the hottest region 
(temperature up to 1200°C). 

(5) Exosphere It is the uppermost region of 
atmosphere. It contains atomic and ionic O2, H2 
and He. 

2. Hydrosphere 

It is the aqueous envelop of the earth e.g., oceans. 
lakes etc. 

3. Lithosphere 

The solid rocky portion of the earth constitute the 
lithosphere. 

 

4. Biosphere 

The biological envelop which supports the life is called 
biosphere. e.g., animal, human beings. 

Environmental Pollution 

It may be described as contamination of environment 
with harmful wastes mainly arising from certain human 
activities. These activities release materials which 
pollute atmosphere, water and soil. 

Types of Pollutions 

(i) Natural pollution This type of pollution is caused by 
the natural sources e.g., volcanic eruptions. release of 
methane by paddy fields and cattles, forest fires etc. 

(ii) Man-made pollution This type of pollution is 
resulting from human activities like burning of the 
fuels, deforestation, industrial effluents, pesticides etc. 

Pollutants 
Any substance produced either by a natural source or 
by human activity which causes adverse effect on the 
environment is called pollutant. 

Pollutants can be of the following types depending 
upon the following factors: 
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Classification on the Basis of Their Degradation 

(i) Biodegradable pollutants Pollutants capable of 
being degraded by biological or microbial actions are 
called biodegradable pollutants, e.g., domestic 
sewage. 

(ii) Non-biodegradable pollutants The substances 
which are normally not acted upon by microbes are 
called non-biodegradable pollutants. These undergo 
biological magnification. 

They can further be of two types 

(i) Wastes, e.g., glass, plastic, phenols 

(ii) Poisons, e.g., radioactive substances, Hg salts, 
pesticides. heavy metals. 

Classification on the Basis of Their Occurrence in 
Nature 

(i) Primary pollutants These are present in same form 
in which these are added by man e.g., DDT. pesticides. 
fertilizers etc. 

(ii) Secondary pollutants These occur in different forms 
and are formed by the reaction between the primary 
pollutants in the presence of sunlight e.g., HNO3, H2SO4 
PAN, ozone etc. 

Classification on the Basis of Their Existence in Nature 

(i) Quantitative pollutants These are naturally present 
in nature and also added by man. These become 
pollutants when their concentration reaches beyond a 
threshold value in the environment, e.g., CO2, nitrogen 
oxide etc. 

(ii) Qualitative pollutants These are not present in the 
nature but are added by nature only due to human 
activities. e.g., pesticides. fungicides. herbicides etc. 

Tropospheric Pollution 

It is caused by gaseous pollutants and particulate 
matter. 

Gaseous air pollutants Oxides of sulphur (SOx), oxides 
of nitrogen (NOx), oxides of carbon (CO, CO2), hydrogen 
sulphide (H2S), hydrocarbons etc. 

Particulate pollutants Dust, fumes. mist, smoke etc. 

Air Pollution 

Air pollution occurs when the concentration of a 
normal component of the air or a new chemical 
substance added or formed in air, build up to 
undesirable proportions causing harm to humans, 
animals, vegetation and materials. The chemical 
substances and particles causing pollution are called air 
pollutants. 

Air Pollutants 

The major air pollutants are 

(i) Carbon monoxide (CO) It is produced by incomplete 
combustion of gasoline in motor vehicles, wood. coal, 
incineration and forest fires. It induces headache, 
visual difficulty, coma or death. It blocks the normal 
transport of oxygen from the lungs to other parts of the 
body, by combining with haemoglobin of the blood. (Its 
affinity towards haemoglobin is about 200 times more 
than the oxygen.) 

(ii) Sulphur dioxide (SO2) It is produced by petrol 
combustion, coal combustion, petrol refining and 
smelting operation. 

It obstruct the movement of air in and out of lungs. It 
is particularly poisonous to trees causing chlorosis and 
dwarfing. In the 
presence of air. it is oxidised to SO3 which is also an 
irritant. 

2SO2 + O2 (air) → 2SO3 

Taj Mahal is reported to be affected by SO2 and other 
pollutants released by oil refinery of Mathura. 

(iii) Oxides of nitrogen NO2 and NO are obtained by 
combustion of coal, gasoline. natural gas. petroleum 
refining, chemical industries and tobacco smoke. In 
upper atmosphere. these are emitted by high flying jets 
and rockets. 

Breathing NO2 causes chlorosis to plants and chronic 
lung conditions leading to death in human beings . 
These oxides destroy ozone layer. 

(iv) Smoke, dust These are obtained in cement works, 
iron and steel works. gas works, power generating 
stations. Coal miners 
suffer from black lung disease and textile workers 
suffer from white lung disease. 



 

©AKS IAS www.aksias.com 8448449709                42 

(v) Ammonia It is produced by fertilizer works. 

(vi) Mercaptans These are obtained from oil refineries. 
coke ovens etc. 

(vii) Zn and Cd These are obtained from zinc industries. 

(viii) Freon (or CFC’8) Their source is refrigerator. 

Smog 

It is a mixture of smoke (composed of tiny particles of 
carbon, ash and oil etc from coal combustion) and fog 
in suspended droplet form. It is of 
two types: 

1. London smog or classical smog 

It IS coal smoke plus fog The fog part is mainly SO2 and 
SO3. It has sulphuric acid aerosol. It causes bronchial 
irritation and acid rain. It is reducing in nature and 
occurs in cool humid climate. 

2. Photochemical smog or Los Angeles smog 

The oxidised hydrocarbons and ozone In a warm. dry 
and sunny climate cause photochemical smog. Its 
brown colour is due to the presence of NO2. 

The nitrogen dioxide by absorbing sunlight in blue and 
UV region decomposes into nitric oxide and atomic 
oxygen followed by a series of the other reactions 
producing O3, formaldehyde, acrolein and peroxyacetyl 
nitrates. 

Green House Effect and Global Warming 

The phenomenon in which atmosphere of earth traps 
the heat coming from the sun and prevents it from 
escaping into the outer space is called greenhouse 
effect. Certain gases, called greenhouse gases [carbon 
dioxide, methane, ozone, chlorofluorocarbon 
compounds (CFCs) and water vapour] in the 
atmosphere absorb the heat given by earth and radiate 
back it to the surface of the earth. Thus, warming of the 
earth led to the warming of air due to greenhouse 
gases. which is called global warming. 

Consequences of Green House Effect (or Global 
Warming) 

1. The green house gases are useful in keeping the 
earth warm with an average temperature of about 15° 
to 20°C. 

2. There may be less rainfall in this temperature zone 
and more rainfall in the dried areas of the world. 

3. Increase in the concentration of CO2 in the 
atmosphere leads to increase in the temperature of the 
earth’s surface. As a result evaporation of surface 
water will increase which further help in the rise of 
temperature and results in the melting of glaciers and 
polar ice caps and hence, level of sea water may rise. 

Acid Rain 

The pH of normal rain water is 5.6 due to the 
dissolution of CO2 from atmosphere. 

when the pH of rain water drops below 5ppm, it is 
called acid rain (by Robert Augus.) Oxides of N ans S are 
responsible for making rain. 

Acid rain causes extensive damage to building and 
sculptural materials of marble, limestone, slate. 
mortal’ etc. 

 

Water Pollution 

The contamination of water by foreign substances 
which would COnstitute a health hazard and make It 
unfit for all purposes (domestic, industrial or 
agriculture etc) is known as water pollution. The 
polluted Water may have foul odour. bad taste, 
unpleasant colour etc. 

Sources of Water Pollution 

(i) Domestic sewage Discharge from kitchens, baths, 
etc. 

(ii) Industrial water Wastes from manufacturing 
processes which includes acids, alkalies, pesticides, 
insecticides, metals. fungicides etc. 

(iii) Oil From oil spills or washings of automobiles. 

(iv) Atomic explosion Processing of radioactive 
materials. 

(v) Suspended particles (organic or inorganic) Viruses, 
bacteria, algae, protozoa etc. 

(vi) Wastes from fertilizer Industries such as 
phosphates, nitrates, ammonia etc. 
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(vii) Clay Ores, minerals, fine particles of soil. 

Effects of Impurities in Water 

(a) Fluorides Mottling of teeth enamel, above 1 mg/L 
fluoride causes fluorosis. 

(b) Sulphates Sulphates of Na, K, Mg cause diarrhoea. 

(c) Lead It damages kidney, liver, brain and central 
nervous system. 

(d) Cadmium and mercury They causes kidney damage. 

(e) Zn It causes dizziness and diarrhoea. . 

(f) Arsenic It can cause cramps and paralysis. 

(g) Phosphates from fertilizers They promote algae 
growth and reduce dissolved oxygen concentration of 
water. This process is known as eutrophication. 

Soil or Land Pollution 

The addition of substances in an indefinite proportion 
changes the productivity of the soil. This is known as 
soil or land pollution. 

Sources of Soil Pollution 

(i) Agricultural pollutants e.g., chemicals like pesticides, 
fertilizers, bactericides, fumigants. insecticides, 
herbicides, fungicides. 

(ii) Domestic refuge and industrial wastes. 

(iii) Radioactive wastes from research centres, and 
hospitals. 

(iv) Soil conditioners containing toxic metals like Hg, Pb, 
As. Cd etc. 

(v) Farm wastes from poultries, dairies and piggery 
farms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biology 
 

22. The Fundamental Unit of Life 

Cell 
It is the structural and functional unit of life. 

• Cell is termed as the structural unit of life as it 
provides structure to our body. 

• Cell is considered as the functional unit of life as all 
the functions of the body take place at cell level.  

Discovery of cell:  

• Discovered by Robert Hooke in 1665.  
• Robert Brown in 1831 discovered the nucleus 

in the cell.  

Cell Theory: 

Cell theory states that: 

• All living organisms are composed of cells.  
• Cell is the fundamental unit of life.  
• All new cells come from pre-existing cells.  

Types of Organisms on the Basis of Number of Cells  
There are two kinds of organisms on the basis of cells:  
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(i) Unicellular Organisms: The organisms that are 
made up of single cell and may constitute a whole 
organism, are named as unicellular organisms. 

For example: Amoeba, Paramecium, bacteria, etc. 

(ii) Multicellular Organisms: The organisms which are 
composed of a collection of cells that assume function 
in a coordinated manner, with different cells 
specialized to perform particular tasks in the body, are 
named as multicellular organisms. 

For example: Plants, human beings, animals, etc. 

Shape and Size of Cells  

• Cells vary in shape and size. They may be oval, 
spherical, rectangular, spindle shaped, or totally 
irregular like the nerve cell.  

• The size of cell also varies in different organisms. 
Most of the cells are microscopic in size like red 
blood cells (RBC) while some cells are fairly large 
like nerve cells.  

Types of Cells 
The cells can be categorized in two types:  
1. Prokaryotic Cell  2. Eukaryotic Cell 

1. Prokaryotic cell  

Prokaryotic cells are cells in which true nucleus is 
absent. They are primitive and incomplete cells. 
Prokaryotes are always unicellular organisms. For 
example, archaebacteria, bacteria, blue green algae 
are all prokaryotes. 

 

2. Eukaryotic Cell  

Eukaryobc cells are the cells in which true nucleus is 
present. They are advanced and complete cells. 
Eukaryotes include all living organisms (both unicellular 
and multicellular organisms) except bactera and blue 
green algae. 

 

 

 

 

Difference Between Prokaryotic and Eukaryotic Cells: 

S. 
No. 

Prokaryotic cell Eukaryotic cell 

1. 
Size of cell is generally 
small (1-10 mm). 

Size of cell is generally 
large (5-100 mm). 

2. Nucleus is absent. Nucleus is present. 

3. 
It contains single 
chromosome. 

It contains more than 
one chromosome. 

4. Nucleolus is absent. Nucleolus is present. 

5. 

Membrane bound cell 
organelles are absent. 

Membrane bound cell 
organelles such as 
mitochondria, plastids, 
endoplasmic reticulum, 
Golgi apparatus, 
lysosomes, etc., are 
present. 

6. 
Cell division takes 
place by fission or 
budding. 

Cell division takes place 
by mitotic or meiotic cell 
division. 

Structure of Cell 

Cell is generally composed of three basic components: 
(i) Cell wall and cell membrane 
(ii) Nucleus 
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(iii) Cytoplasm 

(i) Cell membrane or Plasma membrane: 

Plasma membrane is the covering of the cell that 
separates the contents of the cell from its external 
environment. 

It is a living part of the cell and is present in cells of 
plants, animals and microorganisms. 

It is very thin, delicate, elastic and selectively 
permeable membrane. 

It is composed of lipid and protein. 

Function:  
As it is selectively permeable membrane, it allows the 
flow of limited substances in and out of the cell. 

(iii) Cell wall:  

cell wall is non-living, thick and freely permeable 
covering made up of cellulose. 

It is present in eukaryotic plant cells and in 
prokaryotic cells. 

Functions:  

• It determines the shape and rigidity to the plant 
cell. 

• It protects the plasma membrane.  
• It prevents desiccation or dryness in cell.  
• It helps in the transport of varous substances in 

and out of the cell.  

(iv) Nucleus:  

Nucleus is dense and spherical organelle. 

Nucleus is bounded by two membranes, both forming 
nuclear envelope. Nuclear envelope contains many 
pores known as nuclear pores. 

The fluid which present inside the nucleus is called 
nucleoplasm. 

Nucleus contains chromosomes and chromosomes 
contain genes which are the centres of genetic 
information. 

Functions:  
• Nucleus controls all the metabolic activities of the 

cell.  
• It regulates the cell cycle. 
• Nucleus is the storehouse of genes.It is concerned 

with the transmission of hereditary traits from the 
parent to offspring. 

(v) Cytoplasm:  

It is a jelly-like, viscous, colourless semi-fluid 
substance that occurs between the plasma 
membrane and the nuclear membrane. 

The aqueous ground substance of cytoplasm is called 
cytosol that contains a variety of cell organelles and 
other insoluble waste products and storage products, 
like starch, glycogen, lipid, etc. 

Functions:  
• Protoplasm acts as a store of vital chemicals like 
amino acids, proteins, sugars, vitamins, etc.  
• It is the site of certain metabolic reactions, like 
glycolysis, synthesis of fatty acids, nucleotides, etc. 

Cell organelles: 

Inside the cell there are different parts performing 
different activities to keep the cell alive and 
functionable. These parts are called Cell organelles. 
They are explained below: 

1. Golgi Apparatus: 

Golgi apparatus consists of a set of membrane bound, 
fluid filled vesicles, vacuoles and flattened cisternae 
(closed sacks). 

Cisternae are usually arranged parallel to each other. 

 

Functions:  

• Its main function is to store, modify, package 
and dispatch the substances.  

• It is also involved in the synthesis of cell wall, 
plasma membrane and lysosomes.  

2. Endoplasmic Reticulum:  

It is a membranous network of tube like structures 
extending from nuclear membrane to plasma 
membrane. 

It is absent in prokaryotic cells and matured RBCs of 
mammals. 

There are two types of endoplasmic reticulum:  
(i) Rough Endoplasmic Reticulum (RER): Here 
ribosomes are present on the surface for the 
synthesis of proteins.  
(ii) Smooth Endoplasmic Reticulum (SER): Here 
ribosomes are absent and is meant for secreting 
lipids. 

Functions:  
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• It gives internal support to cell.  
• It helps in transport of various substances from 

nuclear membrane to plasma membrane or 
vice versa.  

• RER helps in synthesis and transportation of 
proteins.  

• SER helps in synthesis and transportation of 
lipids.  

3. Ribosomes:  

These are extremely small, dense and spherical 
bodies which occur freely in the matrix (cytosol) or 
remain attached to the endoplasmic reticulum. 

These are made up of ribonucleic acid (RNA) and 
proteins. 

Function: 

They play a major role in the synthesis of proteins. 

4. Mitochondria:  

They are small rod-shaped organelles. 

It is a double membrane structure with outer 
membrane being smooth and porous whereas inner 
membrane being thrown into a number of folds 
called cristae. 

They contain their own DNA and ribosomes. 

They are absent in bacteria and red blood cells of 
mammals. 

Functions:  

• They are the sites of cellular respiration, hence 
provide energy for the vital activities of living cells. 

• They store energy releases during reactions, in the 
form of ATP (Energy currency of the cell). 
Therefore, they are also called ‘power house’ of 
the cell.  

5. Centrosome and Centrioles:  

Centrosome is found only in eukaryotic animal cells. It 
is not bounded by any membrane but consists of 
centrioles. 

Centroles are hollow cylindrical structures arranged 
at right angle to each other and made up of 
microtubules. 

Function: 
Centrioles help in cell division and also help in the 
formation of cilia and flagella. 

6. Plastids: 

Plastids are present in most of the plant cells and 
absent in animal cells. 

They are usually spherical or discoidal in shaped and 
double membrane bound organelles. 

They also have their own DNA and ribosomes. 

Plastids are of three types: 

(a) Chloroplasts: These are the green coloured 
plastids containing chlorophyll. Chloroplasts aid in the 
manufacture food by the process of photosynthesis.  
(b) Chromoplasts: These are the colourful plastids 
(except green colour).  
(c) Leucoplasts: These are the colourless plastids. 

Function: 

• Chloroplasts trap solar energy and utilise it to 
manufacture food for the plant. 

• Chromoplasts impart various colours to flowers to 
attract insects for pollination.  

• Lecuoplasts help in the storage of food in the form 
of starch, proteins and fats.  

 

 

7. Lysosomes:  

Lysosomes are small, spherical, sac like structures 
which contain several digestive enzymes enclosed in 
a membrane. 

They are found in eukaryotic cells mostly in animals. 

Functions:  

• Lysosomes help in digestion of foreign substances 
and worn-out cell organelles.  

• They provide protection against bacteria and virus.  
• They help to keep the cell clean.  
• During the disturbance in cellular metabolism, for 

example when the cell gets damaged, lysosomes 
may burst and the enzymes digest their own cell. 
Therefore, lysosomes are also known as suicide 
bags of a cell  

8. Vacuoles: 

Vacuoles are liquid/solid filled and membrane bound 
organelles. 
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In plant cells, vacuoles are large and permanent. In 
animal cells, vacuoles are small In size and temporary. 

In mature plant cell, It occupies 90% space of cell 
volume. 

Due to its size, other organelles, including nucleus 
shift towards plasma membrane. 

Function: 

• They help to maintain the osmotic pressure in a 
cell. 

• They provide turgidity and rigidity to the plant 
cell. 

9. Peroxiomes: 

They are small and spherical organelles containing 
powerful oxidative enzymes. 

They are bounded by a single membrane. 

They are found in kidney and liver cells. 

 

Function: 

• They are specialized to carry out some 
oxidative reactions, such as detoxification or 
removal of toxic substances form cell. 

Difference Between Animal Cell and Plant Cell: 

S. 
No. 

Animal cell Plant cell 

1. 
Animal cells are 
generally small in size. 

Plant cells are larger 
than animal cells. 

2. 

Cell wall is absent. Plasma membrane of 
plant cell is surrounded 
by a rigid cell wall of 
cellulose. 

3 
Plastids are absent 
except in case of 
protozoan Euglena. 

Plastids are present. 

4. 
Here vacuoles are 
many, small and 
temporary. 

They have a permanent 
and large central sap 
vacuole. 

5. 
They have 
centrosome and 
centrioles. 

They lack centrosome 
and centrioles. 

Structure of Plant cell and Animal cell: 

 

 

 

 

 

 

 

 

 

 

 

 

 

23. Diversity in Living Organisms 

Introduction 

The nature is a boon to us. The part of earth in which 

living and non-living organisms exist is called the 

biosphere. It contains a huge variety of species living in 

it that interdepends on each other. The 

interrelationship of the species and their relationship 

with the environment to support life is called biological 

diversity. 

This community of organisms interacting with each 

other and their physical environment is called 

ecosystem. 

Classification and Evolution  

Organizing the living organisms into groups according 
to a certain set of characteristics is called classification. 

The features belonging to a particular organism is 
called characteristics. 
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We need classification due to following reasons: 

• It is not possible to study about each existing living 
organism in details. 

• Classifying organisms into groups makes it easier to 
know about the different life forms. 

• It helps us to understand the evolution of all life 
forms to a large extent. 

• It also forms the basis for the giving scientific 
names to the living organisms in order to 
universalize their names so that people around the 
world can recognize the organism irrespective of 
their local word for the organism. 

Organisms can be classified on the basis of their 
characteristics: 

• Size: The size of the organisms. 
• Cellularity: Whether the organism is 

multicellular or unicellular. 
• Habitat: This classification is done on the basis 

of whether the organism lives on land, air or 
water. 

• Body organization: The way in which the cells 
are organized in the body of organisms. 

Aristotle classified the organism on the basis of their 
habitat. 

• The animals living on land were called terrestrial 
animals. 

• The animals living in water were called aquatic 
animals. 

• The animals living on air were called aerial animals. 

But this strategy couldn’t work because the plants 
weren’t considered here. 

Some animals except one characteristic did not share 
any other characteristics in common. For example, 
fish and octopus both are aquatic animals but except 
living in water they don’t share any other common 
characteristics. 

The process of development of complex organisms 
from simpler one with time is called evolution. 

The Hierarchy of Classification-Groups 

Ernst Haeckel (1894), Robert Whittaker (1959) and Carl 
Woese (1977) classified the organisms into wider 
classes called kingdoms. 

Robert Whittaker used the following points to 
categorize the organisms: 

• Cell structure 
• Body organization 
• Mode and source of nutrition 

All living organisms were broadly categorized into 
following 5 categories called kingdoms: 

• Monera 
• Protista 
• Fungi, 
• Plantae 
• Animalia 

Monera 

• Monera do not have a defined nucleus or 
organelles. 

• They do not show multi-cellular body designs. 
• Some organisms belonging to this group have cell 

walls. 
• The organisms belonging to this group are either 

autotrophs (produce their own food) or 
heterotrophs (Consume the food from the 
environment). 

• Examples of organisms belonging to this group are 
bacteria, blue-green algae or cyanobacteria, and 
mycoplasma. 

Protista 

• The unicellular eukaryotic organisms belong to this 
group. 

• The organisms belonging to this group makes use 
of appendages, such as hair-like cilia or whip-like 
flagella for their movement. 

• The organisms belonging to this group are either 
autotrophs (produce their own food) or 
heterotrophs (Consume the food from the 
environment). 

• Examples of organisms belonging to this group are 
unicellular algae, diatoms and protozoans. 

Fungi 

• The organisms belonging to this group are 
heterotrophic (Consume the food from the 
environment) eukaryotic organisms. 

• The organisms belonging to this group consume 
decaying organic material as food. Therefore, they 
are called saprophytes. 

• These organisms can become multicellular 
organisms at specific stages of their lives. 
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• The cell-walls of these organisms are made of a 
tough complex sugar called chitin. 

• Examples of organisms belonging to this group are 
yeast and mushrooms. 

• Some fungal species live are found to live in long-
lasting mutually dependent relationships with 
blue-green algae (or cyanobacteria) and hence are 
said to be in a symbiotic relation. 

Plantae 

• Plantae are multicellular eukaryotes having cell 
walls. 

• The organisms belonging to this group are 
autotrophs and makes use of chlorophyll for 
photosynthesis in order to produce food for 
themselves. 

• The following chart shows the classification of 
organisms in this group. 

Thallophyta 

• The organisms belonging to this group do not have 
well-differentiated body design. 

• These organisms have naked embryos called 
spores. 

• Examples of organisms belonging to this group are 
algae, Spirogyra, Ulothrix, Cladophora and Chara 

Bryophyta 

• The organisms belonging to this group are called 
the amphibians of the plant kingdom. 

• The body of the plant gets differentiated that leads 
to the formation of stem and leaf-like 

• The organisms belonging to this group has naked 
embryos that are called spores. 

• These organisms have no specialized tissue for 
conduction of water and other substances from 
one part of the body of plant to other. 

• Examples of organisms belonging to this group are 
moss (Funaria) and Marchantia. 

Pteridophyta 

• The bodies of the plants belonging to this group are 

differentiated into roots, stem and leaves. 

• These organisms have naked embryos called 
spores. 

• They have specialized tissue that conducts water 
and other essential substances from one part of 
the body of plant to other. 

• Examples of organisms belonging to this group are 
Marsilea, ferns and horse-tails. 

This group of plants is again divided into two broad 
categories gymnosperms and angiosperms. The 
classification is based upon the following facts: 

• Naked seeds 
• Seeds enclosed in fruits. 

Gymnosperms 
The term gymnosperm is derived from two 
different words. They are 

• gymno– means naked and 
• sperma– means seed. 

The plants belonging to this group have naked seeds. 
The plants of this group are generally perennial, 
evergreen and woody. 
Examples of plants belonging to this group are pines 
and Cycas. 

Angiosperms 

The term angiosperm is derived from two different 
words. They are 

• Angio- means covered and 
• Sperma – means seed. 

• The seeds develop inside the organs of the plants that 
get modified into fruit. They are therefore called 
flowering plants. 

• The plant embryos present in the seeds have certain 
structures. They are called cotyledons or seed leaves. 

• These structures emerge and become green during the 
germination of the seed. 

• Plants whose seeds have a single cotyledon are called 
monocotyledonous or monocots. 

• Plants whose seeds have two cotyledons are called 

dicots. 

Animalia 

• The organisms like multicellular eukaryotes 
belong to this group. 

• They do not have cell walls 
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• The organisms belonging to this group are 
heterotrophs (Consume the food from the 
environment). 

• Most animals of this group are movable. 

Porifera 

• The organisms belonging to this group have 
holes. 

• The animals of this group are non- motile and 
are attached to some rigid support. 

• The organisms belonging to this group have 
pores throughout their body. 

• They have a canal system circulates the water 
throughout the body of these organisms to 
transport the food and oxygen. 

• These organisms are covered with a hard 
external layer or skeleton. 

• Examples of animals belonging to this group 
are Euplectelea, Sycon, Spongilla. 

Coelenterata (cnidaria) 

• The animals living in water belong to this 
group. 

• The organisms belonging to this group 
possesses more body design differentiation. 

• They also have cavity in their body. 

The body of these organisms has 2 layers of cells. 

• One type of layer makes up cells on the 
outside of the body. 

• The second type of layer composes the inner 
lining of the body. 

The organisms of this group live either in colonies 
(corals) or have a solitary like–span (Hydra). 

Examples of animals belonging to this group are 
Jellyfish and sea anemones 

Platyhelminthes 

• The organisms belonging to this group are 
complexly designed. 

• The body of these organisms has bilaterally 
symmetrical shape. This means that the design 
of the left and the right halves of the body are 
alike. 

• These organisms have three layers of cells that 
makes up differentiated tissues due to which 
such animals are called triploblastic. 

• These organisms have no true internal body 
cavity or coelom. 

• The body of these organisms is flattened 
dorsiventrally which means from top to 
bottom due to which these animals are also 
called flatworms. 

• These organisms are either freely existing or 
parasitic. 

Examples of animals belonging to this group are 
planarians, or parasitic animals like liverflukes. 

Fig. Planaria (left) and Liverflukes (right) 

Nematoda 

• The bodies of the organisms belonging to this 
group are bilaterally symmetrical and triploblastic. 

• The body of these organisms is cylindrical. 
• These organisms have tissues but no real organs. 
• They have body cavity or a pseudocoelom in their 

body. 

Examples of animals belonging to this group are 
Ascaris, Wuchereria. 

Annelida 

• The organisms belonging to this group are 
bilaterally symmetrical and triploblastic. 

• These organisms have a true body cavity so that 
the true organs are enveloped within the body 
structure. 

• The differentiation occurs in a segmental fashion, 
with the segments lined up one after 
the other from head to tail. 

• An organism of this group lives in variety of 
habitats like fresh water, marine water and land. 

Examples of organisms belonging to this group are 
Earthworms and leeches are familiar examples 

Arthropoda 

• This is the largest group of animals 
• The bodies of the organisms belonging to this 

group are bilaterally symmetrical and 
segmented. 

• These organisms have an open circulatory 
system. Therefore the blood does not flow in 
a well-defined blood vessel. 

• The coelomic cavity of these organisms is 
blood-filled. 

• These organisms have jointed legs. 
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Examples of organisms belonging to this group are 
prawns, butterflies, 
houseflies, spiders, scorpions and crabs. 

Mollusca 

• The organisms belonging to this group are 
bilaterally symmetrical. 

• The coelomic cavity is reduced in these 
organisms. 

• There is little segmentation. 
• They have an open circulatory system. 
• They have kidney-like organs for excretion. 
• There is a foot that helps for movement. 

Examples of animals belonging to this group are snails 
and mussels, pila, unio. 

Echinodermata 

• The organism that belongs to this group are spiny 
skinned organisms. 

• They are free-existing marine animals. 
• They are triploblastic. 
• They have a coelomic cavity. 
• These organisms use an irregular water-driven 

cylindrical system for movement. 
• They have hard calcium carbonate structures 

which is their skeleton. 

Examples of organisms belonging to this group are 
starfish and sea urchins. 

Protochordata 

• Protochordates are generally marine animals. 
• The organisms belonging to this group are 

bilaterally symmetrical. 
• They are triploblastic and have a coelom. 
• They have a long rod-like support structure 

called notochord at certain stages during their 
lives.  

• The notochord is a runs along the back of the 
animal and separates the nervous tissue from 
the gut that gives a place for the muscles to 
attach for an easy and comfortable movement. 

Examples of organisms belonging to this group are 
Balanoglossus, Herdmania and Amphioxus 

Vertebrata 

• The animals belonging to this group possesses a 
true vertebral column. 

• These organisms have internal skeleton which 
allows a completely different distribution of 
muscle attachment points required for movement. 

• Animals belonging to this group are bilaterally 
symmetrical. 

• They are triploblastic, coelomic and segmented. 
• They have a notochord, dorsal nerve cord and 

paired gill pouches. 
• They also have a complex differentiation of body 

tissues and organs. 
• This group of animals can be further divided into 

following categories: 

Pisces 

• The fishes belong to this group. 
• This group contains the aquatic animals. 
• This group of animals has skin covered with scales. 
• They absorb the oxygen dissolved in water by using 

gills to meet their requirements for their survival. 
• They have streamlined body and a muscular tail 

which helps them to move. 
• They are cold-blooded. 
• They have two chambered heart. 
• They lay eggs to give birth to their young ones. 
• Some aquatic species have a skeletons made entirely 

of cartilage. For example, sharks. 

Whereas some species have a skeleton made of both 
bone and cartilage. For example, fishes like tuna or 
rohu. 

Amphibia 

• The animals belonging to this group do not have 
scales. 

• They have a three-chambered heart. 
• These organisms respire either through their gills or 

lungs. 
• They lay eggs to give birth to their young ones. 
• These animals are found both in water and on land. 

Examples of animals belonging to this group are Frogs, 
toads and salamanders 

Reptilia 

• These animals belonging to this group are cold-
blooded. 

• These animals have scales in their body. 
• They breathe through their lungs. 
• Most of the animals of this group have a three-

chambered heart but crocodiles have four 
chambered heart. 
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• They lay eggs with tough coverings to give birth to 
their young ones. 

• They do not need to lay their eggs in water, unlike 
amphibians. 

Examples of animals belonging to this group are 
Snakes, turtles, lizards and crocodiles. 

Aves 

• The animals belonging to this group are warm-
blooded. 

• They have a four-chambered heart. 
• They breathe through lungs. 
• They lay eggs to give birth to their young ones. 
• These animals have an outside layer of feathers. 
• They also characterized by two forelimbs, toothless 

beaked jaws, and are adapted to fly. 

Birds belong to this group 

Mammalia 

• The animals belonging to this group are warm-
blooded. 

• They have a four-chambered heart. 
• They are characterized by mammary gland that 

produces milk to nourish their young, hairy skin, 
sweat and oil glands. 

• All the animals and human beings giving birth to 
their young ones are called mammals. 

24. Life Processes 

Introduction 

Living beings are the organisms which show all the 
characteristics of life i.e growth, movement, 
reproduction, respiration etc. 

Living beings are made up of cells, which form tissues, 
tissues form organs and organs form organ systems 
which ultimately form a living body and this 
organization should be maintained by movement of 
molecules around all the time as all the structures are 
made up of molecules. 

Life processes are the maintenance functions which 
take place even when the organisms are in rest to keep 
the living organisms alive. 

Nutrition, respiration, transportation, excretion are all 
basic life processes in order to remain alive. 

Nutrition -  

The Process of taking of food inside the body and 
converting it into smaller molecules which can be 
absorbed by the body is called Nutrition. 

Need of nutrition: Nutrition is needed to provide 
energy for doing any activity and provide essential 
nutrients for life processes. 

Nutrients: Materials which provide nutrition to 
organisms are called nutrients. For example, 

• Carbohydrates and fats are the nutrients which 
are used by the organism mainly as a source of 
energy. These nutrients are found in wheat, rice, 
corn, chocolates etc. So when you eat them you 
feel energetic. 
• Proteins, vitamins and mineral are nutrients 

used for making body parts like skin, blood, 
bones etc. 

Examples of these nutrients are keratin (protein), 
elastin (protein), collagen (protein), vitamin A, vitamin 
B, vitamin E, iron (mineral), calcium (mineral) and many 
more. These nutrients are found in onions, fish, 
potatoes, milk, beet root and in many other vegetables 
and fruits. 

Mode of Nutrition - 

Mode of nutrition means method of obtaining food by 
an organism. There are mainly two modes of nutrition: 

1. Autotrophic mode 2. Heterotrophic mode 

a. Autotrophic Mode: As the name suggest `auto' 
means 'self’ and `trophe' means 'nutrition'. 

In this mode of nutrition an organism does not depend 
on other living beings for food. Organism makes (or 
synthesizes) its own food by photosynthesis. 

Those organisms which can make their own food by 
photosynthesis are called Autotrophs. For example: all 
green plants, autotrophic bacteria. 

b. Heterotrophic Mode: As the name suggest ‘heteros' 
means 'others' and trophe' means `nutrition'. 

Heterotrophic nutrition is that mode of nutrition in 
which an organism cannot make (or Not synthesizes) 
its own food and depends on other organisms for its 
food. 
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Those organisms which cannot make their own food 
and depends on other organisms for their food are 
called Heterotrophs. For example: all the animals (man, 
dog, cat, lion, etc.), most bacteria and fungi. 

Now heterotrophs can be further divided into three 
types. 

Carnivores: Organisms those eat only animals are 
called carnivores. For example: tiger, lion, snake, frog 
etc. 

Herbivores: Organisms those eat only plants are called 
herbivores. For example: cow, deer, rabbit, elephant 
etc. 

Omnivores: Organisms those eat both plant and 
animals are called omnivores. For example: crow, 
human, dog, sparrow etc. 

Types of Heterotrophic Nutrition:  

Heterotrophic mode of nutrition is of three types: 

(i). Saprotrophic (saprophytic) nutrition 

(ii). Parasitic nutrition 

(iii). Holozoic nutrition 

(i) Saprotrophic nutrition: Saprotrophic nutrition is 
that nutrition in which an organism obtains its food 
from decaying organic matter of dead plants, dead 
animals and rotten bread etc. The organisms having 
saprotrophic mode of nutrition are called saprophytes. 

Saprophytes are the organisms which obtain food from 
dead plants (like rotten leaves) dead and decaying 
animal bodies and other decaying organic matter. For 
example: Fungi (liker bread moulds, mushrooms) and 
many bacteria. 

(ii) Parasitic nutrition: The parasitic nutrition is that 
nutrition in which an organism derives its food from 
the body of other living organisms without killing it. 

A parasite is an organism which feed on another living 
organism called its host. For example, some animals 
like Plasmodium and roundworms, a few plants like 
Cuscuta (amarbel) and several fungi and bacteria. 

(iii) Holozoic nutrition: The holozoic nutrition is that 
nutrition in which an organism takes the complex 
organic food materials into its body by the process of 

ingestion; the ingested food is digested and then 
absorbed into the body cells of the organism. For 
example: human beings and most of the animal. 

Nutrition in Plants - 

Green plants prepare their own food. They make food 
from carbon dioxide and water in the presence of 
sunlight and chlorophyll. This process is called 
photosynthesis. 
Conditions necessary for photosynthesis: 
The conditions necessary for photosynthesis to take 
place are: 
1. Sunlight 
2. Chlorophyll 
3. Carbon dioxide 
4. Water 

 

The process of photosynthesis can be represented as: 

• The process of photosynthesis takes place in the 
green leaves of a plant. 

• The food is prepared by the green leaves of a plant 
in the form of a simple sugar called glucose. 

• The extra glucose is changed into another food 
called starch (carbohydrate). This starch is stored 
in the fruits and leaves of the plant. 

• Plants provide food for animals. 
• The green plants convert sunlight energy into 

chemical energy by making carbohydrates. 

How the plants obtain carbon dioxide?  

• There are a large number of tiny pores called 
stomata present on the surface of the leaves of 
plants. 

• The carbon dioxide gas enters into the leaves 
of the plant through the stomata present on 
the surface of leaves. 

• Each stomatal pore is surrounded by a pair of 
guard cells. The opening and closing of stomatal 
pores is controlled by the guard cells. 

• When water flows into the guard cells, they swell, 
become curved and cause the pore to open. 

• On the other hand, when guard cells lose water, 
they shrink, become straight and close the 
stomatal pores. 
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How the plants obtain water for photosynthesis? 

• The water required by the plants for photosynthesis 
is absorbed by the root of the plants from the soil 
through the process of osmosis. 

• The water absorbed by the roots of the plants is 
transported upward through the xylem vessels to 
the leaves where it reaches the photosynthetic 
cells. 

• The plants also need other raw materials such as 
nitrogen, phosphorus, iron and magnesium etc. for 
building their body. Plants take these materials 
from the soil. 

• Nitrogen is essential element used by the plants to 
make proteins and other compound. 

Site of photosynthesis: 
• The site of photosynthesis in a cell of the leaf is 

chloroplasts which contain Chlorophyll. 
• Chloroplasts are mainly present in the 

photosynthetic cells (mesophyll cells) of green 
plants. These cells contain more chlorophyll than 
other plant cells. 

Nutrition in Animals/ Heterotrophs - 

• Animals are heterotrophs and hence they depend 
on other organisms (plants and other animals) for 
their food. 

• Fruits, vegetable, milk, fish are some small 
substances which can be used by body to obtained 
nutrients. 

Nutrition in Simple Animals:  

• Amoeba and paramecium are two very simple 
unicellular animals. In unicellular animals, all 
the processes of nutrition are performed by 
the single cell. 

• a. Nutrition in Amoeba:  
• •Amoeba eats tiny plants and animals as food 

which floats in water in which it lives. 
• The mode of nutrition in Amoeba is holozoic. 
• The process of obtaining food by Amoeba is 

called phagocytosis. 
• Steps involved in the nutrition of Amoeba:  
• Amoeba captures food near its body through 

temporary finger-like projections called 
pseudopodia to form food vacuole. 

• Enzymes enter food vacuole from cytoplasm. 
The enzymes convert the taken food to smaller 
substances which can be absorbed by body. 

• The digested food diffuses out to reach to the 
entire body. 

• Body uses the food for growth. 

• Cell membrane of amoeba ruptures at any 
point to throw out waste material. 

• Enzymes: Enzymes are juice like substances secreted 
by organs in living organisms which act as bio-catalyst 
in biochemical reactions inside the body. 

• There are five steps in the process of nutrition in 
animals. 

• 1. Ingestion: The process of taking food into the body 
is called ingestion. 

• 2. Digestion: The process in which the food containing 
large insoluble molecules is broken down into small 
water soluble molecules which can be absorbed by 
body to get required nutrients is called digestion. 

• 3. Absorption: The process of distribution of digested 
food to body parts is called absorption. 

• 4. Assimilation:  The process in which the absorbed 
food is taken in by the body cells and used for energy, 
growth and repair is called assimilation. 

• 5. Egestion: The process in which the undigested food 
is removed from the body is called egestion. 

• b.Nutrition in Paramecium:  
• Paramecium is also a tiny unicellular animal which 

lives in water. It has hair like structure called cilia. 
• Ingestion: Paramecium uses cilia to sweep the food 

particles from water and put them into the mouth. 
• Ingestion is followed by other steps digestion, 

absorption, assimilation and egestion. 

Nutrition in Human Beings (Digestive System in 
Human Body): 

Basic organs of the human digestive system are:  

1. Mouth (Buccal cavity), 
2. Oesophagus (Food pipe), 
3. Diaphragm (Sheet), 
4. Stomach (J shaped), 
5. Small intestine, 
6. Large intestine, 
7. Rectum, 



 

©AKS IAS www.aksias.com 8448449709                55 

8. Anus 

• Alimentary canal/ Gut is the entire path of food 
from mouth to anus. 

• Small intestine is longer than large intestine but 
still it is called small as it is thinner. 

• Peristaltic movement: When the slightly digested 
food enters the food pipe, the walls of food pipe 
start contraction and expansion movements to 
move the food along gut. This movement of walls 
of food pipe is called peristaltic movement. 

• Sphincters: These are circular muscular structures 
which control the movement of substance through 
them. Normally, they remain closed. When 
movement is required, they open. There are many 
sphincters in gut. 

Glands of human digestive system are:  

1. Salivary glands, 
2. Liver, 
3. Pancreas. 

• Salivary glands in our mouth produce saliva 
(watery liquid) which contains enzyme called 
salivary amylase which digests the starch 
(carbohydrate) present in the food into sugar 
(Chemical digestion). 

• Pancreas lies behind the lower portion of stomach. 
It secretes pancreatic juice which contains many 
digestive enzymes (pancreatic amylase, trypsin, 
and lipase). 

• Liver secretes greenish yellow liquid called bile. 
Bile is temporarily stored in gall bladder before it is 
send to small intestine through bile duct. 

Working of Digestive System - 

Ingestion: In human beings, food is ingested through 
the mouth. The food is put into the mouth with the 
help of hands. 

Digestion:  

1. Mouth: 

• The digestion of food begins in the mouth itself. 
• The teeth cut the food into small pieces, chew and 

grind it. (Physical digestion) 
• The salivary glands in our mouth produce saliva 

(watery liquid) which contains an enzyme salivary 
amylase which digests the starch (carbohydrate) 
present in the food into sugar. (Chemical digestion) 

• Our tongue helps in mixing this saliva with food. 
• The digestion of food remains incomplete in 

mouth. 

2. Oesophagus: 

• The slightly digested food in the mouth is 
swallowed by the tongue and goes down the food 
pipe called oesophagus. 

3. Stomach: 

• The stomach is a J-shaped organ present on 
the left side of the abdomen. 

• The stomach walls contains three tubular 
glands in it walls which secrete gastric juice. 

• The gastric juice contains three substances: 
Hydrochloric acid, the enzyme pepsin and 
mucus. 

• The hydrochloric creates an acidic medium 
which facilitates the action of the enzyme 
pepsin i.e. digestion of protein. 

• The mucus helps to protect the stomach wall 
from its own secretions of hydrochloric acid. 

• The partially digested food then goes from the 
stomach into the small intestine. 

4. Small Intestine: 

• From the stomach, the partially digested food 
enters the small intestine. 

• The small intestine is the largest part (about 
6.5m) of the alimentary canal. 

• The small intestine is very narrow and 
arranged in the form of a coil in our belly. 
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• The small intestine in human beings is the site of 
complete digestion of food (like carbohydrates, 
proteins and fats) 

• The small intestine receives the secretion of two 
glands: Liver and Pancreas. 

• Liver secretes bile (greenish yellow liquid made in 
the liver and stored in gall bladder). 

Bile performs two functions:  

1. Makes the acidic food coming from the stomach 
alkaline so that pancreatic enzymes can act on it. 

2. Bile salts break the fats present in the food into 
small globules making it easy for the enzymes to 
act and digest them. 

• The pancreas secretes pancreatic juice which 
contains enzymes like pancreatic amylase for 
breaking down starch, trypsin for digesting 
proteins and lipase for breaking down emulsified 
fats. 

• The walls of the small intestine contain glands 
which secretes intestinal juice. 

• The enzymes present in it finally convert the 
proteins into amino acids, complex 

carbohydrates into glucose and fats into fatty acids and 
glycerol. In this way the process of digestion converts 
the large and insoluble food molecules into small water 
soluble molecules. 

Absorption:  

• The small intestine is the main region for the 
absorption of digested food. 

• The inner surface of the small intestine has 
numerous finger-like projections called villi which 
increase the surface area for rapid absorption of 
digested food. 

• The digested food which is absorbed through the 
walls of the small intestine goes into our blood. 

Assimilation:  

• The blood carries digested and dissolved food 
to all the parts of the body where it becomes 
assimilated as part of the cells and is utilized 
for obtaining energy, building up new tissues 
and the repair of old tissues. 

Egestion:  

• The unabsorbed food is sent into the large 
intestine where villi absorb water from this 
material. 

• The rest of the material is removed from the body 
via the anus. 

• The exit of this waste material is regulated by the 
anal sphincter. 

Respiration - 

• The process of releasing energy from food is called 
respiration. The process of respiration involves 
taking in oxygen (of air) into the cells, using it for 
releasing energy by burning food, and then 
eliminating the waste products (carbon dioxide 
and water) from the body. 

• Food + Oxygen Carbon dioxide + Water + Energy 
• The process of respiration which releases energy 

takes place inside the cells of the body. So, it is also 
known as cellular respiration. 

• Respiration is essential for life because it provide 
energy for carrying out all the life processes which 
are necessary to keep the organism alive. 

Types of Respiration - 

• In most of the cases, the organisms carry out 
respiration by using oxygen. However, there are 
some organisms which carry out respiration 
without using oxygen. Based on this, we have two 
types of respiration: 

• 1. Aerobic respiration 2. Anaerobic respiration 
• 1. Aerobic Respiration: The respiration which uses 

oxygen is called aerobic respiration. 
• In aerobic respiration, the glucose food is 

completely broken down into carbon dioxide and 
water by oxidation. Aerobic respiration produces a 
considerable amount of energy for use by the 
organism. 

• Glycolysis O2 (Kreb's cycle) 
• Glucose Pyruvate 6CO2 + 6H2O + energy 
• Mitochondria are the sites of aerobic respiration in 

the cells. Thus, the breakdown of pyruvate to give 
carbon dioxide, water and energy takes place in 
mitochondria. 

• 2.Anaerobic Respiration: The respiration which 
takes place without oxygen is called anaerobic 
respiration. 

• The microscopic organisms like yeast and some 
bacteria obtain energy by anaerobic respiration 
(which is called fermentation). In anaerobic 
respiration, the microorganisms like yeast break 
down glucose (food) into ethanol and carbon 
dioxide, and release energy. 
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• Anaerobic respiration produces much less energy. 
• Glycolysis In absence of oxygen 
• Glucose Pyruvate 2C2H5OH + 2CO2 + energy 
• In cytoplasm Yeast (Fermentation) (Ethanol) 
• Sometimes, when there is lack of oxygen in our 

muscle cells, another pathway for the breakdown 
of pyruvate is taken. Here the pyruvate is 
converted into lactic acid (which is also a three-
carbon molecule) with the release of small amount 
of energy. 

• Glycolysis In absence of oxygen 
• Glucose Pyruvate 2 Latic acid + energy 
• In cytoplasm Muscle tissue 
• ATP (Energy Currency) 
• The energy produced during respiration is stored in 

the form of ATP molecules in the cells of the body 
and used by the organism as when required. 

• ADP (Adenosine Di-Phosphate, low energy 
content), Inorganic Phosphate (Pi) and ATP 
(Adenosine Tri-Phosphate, high energy content) 
are the substances present inside a cell. 

• The energy released during respiration is used to 
make ATP molecules form ADP and inorganic 
phosphate. 

• ADP + Phosphate + Energy ATP 
• (Low energy) (For respiration) (High energy) 
• Thus, energy is stored in the form of ATP. 
• When the cell needs energy, then ATP can be 

broken down using water to release energy. 
• Thus: 
• ATP ADP + Phosphate + Energy 
• (For use in cells) 
• The energy equivalent to 30.5KJ/mole is released 

in this process. 
• ATP is known as energy currency of cells. 

Aerobic Respiration Anaerobic Respiration 

In this respiration, 
oxygen is required. 

In this respiration, oxygen 
is not required. 

Large energy is 
produced. 

Less energy is produced. 

In aerobic respiration, 
CO2 and H2O are 
produced. 

In anaerobic respiration, 
ethanol, Lactic acid are 
produced. 

• Exchange of Gases during Respiration - 
• Different organisms use different methods for 

exchange of gases. Diffusion is the method which 
is utilized by unicellular and some simple 
organisms for this purpose. In plants also, diffusion 
is utilized for exchange of gases. In complex 
animals like human, respiratory system does the 
job of exchange of gases. 

 

Animals Respiratory Organ 

Unicellular animals like 
Amoeba, Planaria 

Cell membrane 

Earthworm Skin 

Aquatic animals like Fish, 
Prawns 

Gills 

Insects like Grasshopper, 
Cockroach 

Spiracles and 
tracheae 

Land animals like human, birds Lungs 

Respiratory System in Humans - 

• In human beings, many organs take part in the 
process of respiration. These organs are called 
organs of respiratory system. 

• The main organs of human respiratory system are: 
Nose, Nasal passage, Trachea (wind pipe), 
Bronchi, Lungs and Diaphragm. 

• The human respiratory system begins from the 
nose. The air then goes into nasal passage. 

• The nasal passage is lined with fine hair and 
mucus. 

• When air passes through the nasal passage, the 
dust particles and other impurities present in it are 
trapped by nasal hair and mucus so that clean air 
goes into lungs. 

• The part of throat between the mouth and wind 
pipe is called pharynx. 

• From the nasal passage, air enters into pharynx 
and then goes into the wind pipe. Trachea does 
not collapse even when there is no air in it 
because it is supported by rings of soft bones 
called cartilage. 

• The trachea runs down the neck and divides into 
two smaller tubes called bronchi at its lower 
end. 

• The bronchi are connected to the two lungs. The 
lungs lie in the chest cavity or thoracic cavity 
which is separated from abdominal cavity by a 
muscular partition called diaphragm. 

• Each bronchus divides in the lungs to form a 
large number of still smaller tubes called 
`bronchioles'. 

• The pouch-like air sacs at the ends of the 
smallest bronchioles are called alveoli. 

• The walls of alveoli are very thin and they are 
surrounded by very thin blood capillaries. It is in 
the alveoli that gaseous exchange takes place. 

Exchange of gases in plants - 

• Like animals, plants also need energy. The plants 
get this energy by the process of respiration. 
Plants also use oxygen of air for respiration and 
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release carbon dioxide. 
• The respiration in plants differs from the 

animals in three respects: 

Respiration in plants Respiration in animals 

All the parts of a plant 
(like root, stem and 
leaves) perform 
respiration individually. 

Animal performs 
respiration as a single 
unit. 

During respiration in 
plants, there is a little 
transport of respiratory 
gases from one part of 
the plant to the other. 

Respiratory gases are 
usually transported 
over long distance 
inside an animal during 
respiration. 

The respiration in plants 
occurs at a slow rate. 

The respiration in 
animals occurs at a 
much faster rate. 

Plants get Oxygen by Diffusion: 

• Plants have a branching shape, so they have 
quite a large surface area in comparison to their 
volume. Therefore, diffusion alone can supply all 
the cells of the plants with as much oxygen as 
they need for respiration. 

• Diffusion occurs in the roots, stems and leaves of 
plants. 

Respiration in Roots: 

• Air occurs in soil interspaces. Root hairs of the 
roots are in direct contact with them. 

• Oxygen of the soil air diffuses through root hair 
and reaches all internal cells of the root for 
respiration. 

• Carbon dioxide produced by root cells diffuses in 
the opposite direction. 

• In water-logged conditions, soil air becomes 
deficient. In the absence of oxygen, metabolic 
activity of the root declines and the plant may 
wither. 

Respiration in Stems: 

• The stems of herbaceous plants have stomata. 
The oxygen from air diffuses into the stem of a 
herbaceous plant through stomata and reaches 
all the cells for respiration. 

• The carbon dioxide gas produced during 
respiration diffuses out into the air through the 
same stomata. 

• In woody stems, the bark has lenticels for 
gaseous exchange. 

Respiration in Leaves: 

• The leaves of a plant have tiny pores called 
stomata. The exchange of respiratory gases in 
the leaves takes place by the process of diffusion 
through stomata. 

25. Tissues 

Tissue is a group of cells that work together to perform 
a particular function. 

Division of Labour / Cell Specializing  

In simple organisms, all body functions are done by the 
single cell itself like Amoeba. But in complex organisms 
(like in human, plants etc.), different groups of cells 
perform different functions. 

As different groups of cells or tissues are specialized in 
doing different job, any work is done much more 
efficiently compared to unicellular organism. 

Tissues are mainly classified in two types: 

1. Plant Tissues 2. Animal Tissues 

Plant Tissues 

Meristematic Tissue (Meristem) 

Meristematic tissues are responsible for growth in 
plants. Cells in these tissues can divide and form new 
cells. 

Meristematic tissues are of three types: 

1. Apical Meristem: Present at tip of stem & 
roots. It is responsible for growth in length. 

2. Lateral Meristem (Cambium): Present 
beneath bark. It is responsible for growth in 
girth of trunk. 

3. Intercalary Meristem: Present in nodes of 
leaves & stem. 

Properties of cells of meristem:  

• Cells of meristematic tissues are very active 
and work faster. 

• They do not have vacuoles. 
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Permanent Tissue 

Cells of meristematic tissues change their shape & size 
to get specialised in performing other functions in 
plants body. This process is called Differentiation. 

Cells of meristematic tissues differentiate to form 
different types of permanent tissues. 

Permanent tissues are of two types: 

1. Simple Tissues: This type of tissue is composed 
of same type of cells. 

2. Complex Tissues: Group of different type of 
cells performing common task together. 

Simple Tissues 

Parenchyma simple tissues: Cells of parenchyma 
tissues are live. They are oval, elongated and loosely 
packed with large inter-cellular space. Cells of 
parenchyma have small nucleus, large vacuole and thin 
cell wall. These tissues are found throughout the plant. 

Function: 

• Supports plant body. 
• Stores food and nutrients in vacuoles. 
• Sometimes contain chlorophyll and thus perform 

photosynthesis. Such parenchyma tissues are 
called chlorenchyma. 

• In aquatic plants, cells of parenchyma have large 
air cavities which allow plants to flood. Such 
parenchyma tissues are called aerenchyma. 

Collenchyma Simple Tissues: Cells of collenchyma 
are live. They are oval and elongated and tightly 
packed with no inter-cellular spaces. Cells of 
collenchymas have small nucleus, large vacuoles 
and have thin cell wall but thick at corners. 
Collenchyma tissues are found below epidermis in 
leaves and stem. 

Function:  

• Provides mechanical support to plant. 
• Provides flexibility to plants so that they can bend 

without breaking. 

1. Sclerenchyma Simple Tissues: Cells of 
sclerenchyma are dead. They are narrow and 
elongated. The cell wall in sclerenchyma is thick 
and hard. Lignin is a chemical substance which 
hardens the cell wall. These types of tissues are 
found around vascular bundles, veins of leaves in 
hard covering of seeds and nuts. For example; 
scalerenchyma tissues are found in coconut husk. 

Function:  

• Makes parts of plant hard and stiff. 
• Provides strength. 

1. Epidermis Simple Tissues: Epidermis tissue covers 
the entire body of plant. Cells in epidermis are 
similar in structure to parenchyma (loosely) but are 
tightly packed. They protect plant from injury, 
germs and water loss. They have generally one 
layer of cell. 

Stomata are small openings on epidermal layer of leaf 
and soft part of stem. A stomata is a composed of two 
guard cells which regulate the opening and closing of 
stoma. Stomata present in epidermis allow gaseous 
exchange and transpiration in plants. 

In desert plants, epidermis and cutin (a water proof 
waxy substance secreted by epidermis) are thicker so 
water loss is further reduced. 

1. Cork Simple Tissues: These types of tissue consist 
of dead cells with no intercellular space. They form 
the outer layer of old tree trucks. Cells in cork 
contain subenin (a chemical substance). Due to this 
cork can’t be penetrated by gases and water. Cork 
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tissue protects plant from injuries, germs and 
water loss. 

Cork is light so it is used commercially for making 
several products like bottle stoppers, shuttle cork. 

Complex Tissues 

Complex tissues are of two types: 

1. Xylem b. Phloem 

Xylem: Xylem is the tissue that transports water and 
nutrients from root to upper parts of plant. It is 
composed of four types of cells i.e. vessel, tracheid, 
xylem parenchyma and xylem sclerenchyma (fibre). 

Vessel is a pipe like structure. Vessels are dead and 
have lignified thick cell wall. Upper and lower portion 
of cell wall is absent. 

Trachieds are long elongated cells with tapered ending. 
Trachied cells are dead. Trachied transports water 
through pits. 

Parenchymas are living cells. They store food and 
nutrients. 

Sclerenchymas (fibres) are dead cells. They provide 
mechanical support to plant. 

 Phloem: Phloem is the tissue that transports food 
from site of photosynthesis to different parts of plants. 
It is composed of four types of cell i.e. sieve cells, 
companion cells, phloem parenchyma, phloem fibre or 
blast fibre. All types of cells are live except phoem 
fibres. 

Sieve cells are elongated and have thin cell wall. They 
have cytoplasm but do not have nucleus and other 
organs. These cells are responsible for transportation 
of food and nutrients. 

Companion cells have cytoplasm, nucleus and other 
organelles. They perform the tasks required for sieve 
cells for living. 

Phloem parenchyma store food. 

Phloem fibres have thick cell wall and they provide 
mechanical support to plant. 

Animal Tissue 

Animal tissues are of four types: 

1. Muscular tissue 
2. Nervous tissue 
3. Connective tissue 
4. Epithelial tissue 

Muscular Tissue 

Muscular tissue is composed of elongated cells called 
muscle fibres. This tissue allows movement in body by 
contraction and relaxation. It contains special 
contractile protein which contract and relax to cause 
movement. 

Muscular tissues are of three types: 

Smooth: The cells of smooth muscles are spindle 
shaped and each has one nucleus (c. Smooth muscle is 
found in those organs where involuntary movement is 
possible, e.g. muscles in stomach. They move 
automatically. 

Cardiac: The cells of cardiac muscles are in the form of 
branched fibres. These are found in the heart. Cardiac 
muscles have many nucleus and striations are present 
in these muscles. Cardiac muscles can move 
continuously throughout the life in rhythmic pattern. 

Striated (Skeletal): The cells of striated muscles are in 
the form of long, unbranched fibres. They have multi 
nucleus. Striations are present on muscle fibres. 
Striated muscles are found in those organs where 
voluntary movement is possible, e.g. hands, legs, back, 
neck, etc. 

Nervous Tissue  

Nervous tissue makes the nervous system and is 
composed of specialized cells called neuron. A neuron 
consists of a cell body (cyton) with a nucleus and 
cytoplasm from which numerous hair like structures 
arise called dendrites. One long extension is called 
Axon. Neurons are connected end to end to form 
nerves through connective tissue. Nervous tissues are 
found in brain, spinal cord and nerves. 

Functions: 

• They give us ability to respond to stimuli. 
• They transmit information from body parts to 

brain. 
• They transmit orders from brain to body parts. 
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• Nervous and muscular tissue together control 
body movement in all animals. 

Connective Tissue 

Connective tissues contain cells in a matrix. Matrix is a 
chemical substance in solid, liquid or jelly form. 
Connective tissues are of various types: 

1. Bones: Cells in bone are embedded in matrix of 
calcium and phosphate compounds. Bones 
form framework of body. They facilitate 
movement of muscles. Bones are hard and 
inflexible and they have blood vessels. 

2. Cartilages: They are soft tissues found in ear, 
nose, trachea, larynx and between bone joints. 
Cartilage smoothens the bone joints. They 
have wide spread cells in solid matrix of 
proteins and sugars. They do not have blood 
vessels. 

3. Tendons: Tendon is made up of white fibres. 
They connect bones to muscles. 

4. Ligament: Ligament is made up of white and 
yellow fibre. It connects bone to bone. It is 
more flexible compared to tendon. 

5. Areolar: It consists of cells and fibres in matrix. 
It is found between skin and underlying 
muscles, around blood vessels, around nerves 
and bone marrow. Areolar tissue is strong 
enough to bind different types of tissues and 
soft enough to maintain flexibility. It fills space 
inside internal organs and supports them. 

6. Adipose: It stores fat below the skin and 
between internal organs. When present in 
excess, results in obesity. It provides 
cushioning to internal organs and gives shape 
to body parts like limbs, breasts. Adipose acts 
as insulator and protects from cold. 

7. Blood: Blood is a fluid composed of blood cells, 
platelets and plasma (liquid matrix). It flows 
throughout the body and transports various 
materials like gases, digested food, waste 
material and hormones. Blood plasma contains 
two types of blood cells: Red Blood Cells (RBC) 
and White blood cells (WBC). 

8. Lymph (Liquid): Lymph is a whitish fluid 
obtained from blood itself. It contains blood 
plasma, WBC, platelets but no RBC. Lymph 
transports food materials, waste materials and 
gases which blood cannot transfer. 

Epithelial Tissue (Epithelium) 

Skin which covers and protects all our body is 
epithelium. Other occurrences of epithelium are inner 

lining of mouth, linings of blood vessels, covering of 
other organs and cavities in body. Cells in epithelial 
tissue are tightly packed with no intercellular space. 
They are separated from other tissues by fibrous 
basement membrane. 

 

Functions:  

• It protects the organs which it covers. 
• It keeps different organs separate. 
• Epithelium forms a selectively permeable layer 

over body and other organs. 
• It allows certain substances to pass through 

and stops others. 
• In certain cases, it secretes and acts as glands. 

Types of Epithelial Tissue: 

Squamous: It consists of thin, flat disc like polygonal or 
irregular-shaped cells with round and flat nucleus. They 
form lining of nose, pericardial cavity, blood vessels 
etc. They protect the underlying parts of body from 
mechanical injury. It prevents the entry of germs inside 
the body. It facilitates diffusion of gases. 

Cuboidal: It consists of cube like cells of almost equal 
height and width. Cuboidal tissue are found in kidney 
tubules, salivary glands etc. They provide mechanical 
support to organs and help in absorption and 
excretion. 

Columnar: It consists of tall, cylindrical cells. The free 
end of the cells consists of figure-like projections. 
Columnar tissues are found in the inner surface of 
stomach, intestine etc. Columnar helps in absorption of 
nutrients, secretion of gastric juices and provides 
mechanical support to the organs. 
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Glandular Epithelium: Glandular epithelium tissues are 
tissues that form multi-cellular glands which produce 
chemical. 

 

26. Digestion Absorption 

    The major components of our food are 
biomacromolecules like carbohydrates, proteins and 
fats and Vitamins, minerals, which are also required in 
small quantities. 

    Biomacromolecules in food cannot be utilised by our 
body, hence these have to be broken down and 
converted into simple substances in the digestive 
system. 

The process of conversion of complex food substances 
to simple absorbable forms is called digestion. 

Digestive System- Human digestive system consists of 
alimentary canal and associated glands. 

• Alimentary canal begin with anterior opening 
mouth and opens out posteriorly through anus. It 
comprises of following parts:- 

1. Mouth- leads to oral cavity or buccal cavity which 
contains teeth and tongue. 
Upper surface of tongue has small projections 
called papillae, some of which contain taste buds. 
Each teeth is embedded in socket of jaw bone 
(thecodont). Milk teeth is replaced by permanent 
or adult teeth, this type of dentition is called 
diphyodont. Four different types of teeth 
(Heterodont) are incisors (I), canine (C), premolar 
(PM) and molar (M).Dental formula: Each half of 
the upper and lower jaw has following number of 
teeth-  

 

2. Pharynx – oral cavity opens into pharynx which 
acts as common passage for food and air. 
Cartilaginous flap called epiglottis prevents the 
entry of food into wind pipe (glottis) during 
swallowing. 

3. Stomach- Oesophagus leads to stomach. The 
opening of stomach is guarded by a sphincter 
(gastro-oesophageal). Stomach is divided into 
three parts- cardiac, fundic and pyloric. 

4. Small intestine- is the longest part of alimentary 
canal divided into duodenum, jejunum and ileum. 

Pyloric sphincter is present between stomach and 
duodenum. 

5. Large intestine- ileum opens into large intestine, 
which is divided into caecum, colon and rectum. 
Caecum is a blind sac which host microbes. 
Vermiform appendix arises from caecum. Rectum 

opens through anus. 

Histology of Alimentary canal- 

The wall of alimentary canal from Oesophagus to 

rectum consists of four layers. 

1. Serosa– it is the outermost layer made up of 
squamous epithelium and areolar connective 
tissue. 

2. Muscularis– it is composed of outer longitudinal 
and inner circular muscle fibres. Muscles fibres are 
smooth and have network of nerve cells. 

3. Submucosa– it consists of loose connective tissue 
richly supplied with blood and lymphatic vessels. 
Meissner’s plexus is present between the muscular 
coat and mucosa that controls the secretion of 
intestinal juice. 

4. Mucosa– is innermost layer lining the lumen of the 
alimentary canal. It has irregular folding in stomach 
called rugae and villi in small intestine. Mucosa 
forms glands in the stomach (gastric glands) and 
crypts in between the bases of villi in the intestine 
(crypts of Lieberkuhn). 
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Salivary Glands- secrete saliva in oral cavity. In human 
beings’ salivary glands are three pairs- parotid, 
sublingual, and submandibular. 

Liver- it is the largest gland in human body lies in upper 
right side of the abdominal cavity just below the 
diaphragm. Hepatic lobules, covered by Glisson’s 
capsule, are structural and functional unit of liver made 
up of hepatic cells. The secretion is stored and 
concentrated in gall bladder. Bile duct and pancreatic 
duct open together in duodenum by common duct 
guarded by sphincter of Oddi. 

 

Pancreas- It is soft lobulated greyish pink gland which 
weighs about 60 gm., consists of exocrine and 
endocrine portion. The exocrine portion secretes 
alkaline pancreatic juice and endocrine secretes 
hormones insulin and glucagon. 

Digestion of food 

Carbohydrates, fats, proteins and nucleic acids occur in 
food in the form of large and complex insoluble 
macromolecules (polymers). These macromolecules 
are converted into small monomers by the action of 
enzyme. 

• In buccal cavity, teeth and tongue help in 
mastication and mixing of food. Mucus in saliva mix 
with masticated food to form bolus. 

• Bolus is passed to pharynx and Oesophagus by 
swallowing or deglutition. 

• Chemical digestion of food starts in oral cavity by 
the action of enzyme salivary amylase and 
lysozyme. 
Lysozyme acts as antibacterial agent in mouth to 
prevent infection. 
Salivary amylase breaksdown starch into maltose 

• Mucosa of stomach have gastric glands having 
three types of cells- mucus neck cells that secrete 

mucus, peptic or chief cells that secretes 
proenzyme pepsinogen and pariental or oxyntic 
cells that secretes HCl. 

• Food mixes with gastric juice due to churning 
action of muscular wall to form chyme. HCl 
activates the pepsinogen to pepsin to digest 
protein into peptones  and proteoses 

• Mucus and bicarbonates present in gastric juice 
play important role in lubrication and protecting 
inner wall of stomach from the action of HCl. Renin 
is a proteolytic enzyme found in gastric juice of 
infants to digest milk protein. 

• The Bile, pancreatic juice and intestinal juice are 
released in small intestine. Pancreatic juice contain 
inactive trypsinogen, chymotrypsinogen, 
procarboxypeptidases, amylases, lipases and 
nucleases. 

• Trypsinogen is activated by enzyme enterokinase 
in to trypsin, which further activates the other 
enzyme of intestinal juice. 

• Bile contains bile pigments (bilirubin and bil-
verdin), bile salts, cholesterol and phospholipids 
which help in emulsification of fats. 

• Secretion of brush border cells of mucosa and 
goblet cells contain enzyme succus entericus, 
containing variety of enzymes to complete the 
process of digestion. 

Function of large intestine 

1. Absorption of water, minerals and certain 
drugs. 

2. Secretion of mucus for adhering of the 
undigested food and lubricating it for easy 
passage. 

Absorption of Digested Food 

Absorption is the process by which nutrients pass from 
the alimentary canal into the blood and lymph through 
its mucous membrane. 

• Amino acids, monosaccharide, fatty acids, glycerol, 
salts, vitamins and water are to be absorbed. 
About 90% of absorption occurs in small intestine 
and rest 10% in stomach, mouth and large 
intestine. 

• The passage of different absorbent depends upon 
concentration gradient for some substances like 
glucose and amino acids and electrolytes. 

Disorder of Digestive System  

The inflammation of intestinal tract due to bacterial 
infection, fungal infection and parasitic infection 



 

©AKS IAS www.aksias.com 8448449709                64 

caused by tapeworm, round worm, threadworm and 
pin worms. 

1. Jaundice– it is a disease of liver. In jaundice the skin 
and the eyes turn yellow due to large quantities of 
bilirubin pigments in the extra cellular fluid. 

2. Vomiting – it is the ejection of stomach content 
through the mouth. This reflex action is controlled 
by the vomit Centre in the medulla. 

3. Diarrhoea- frequent defection of liquid faeces is 
known as Diarrhoea. It reduces the absorption of 
food. 

4. Constipation– in constipation the faeces are 
retained within the rectum as the bowel 
movements occur irregularly. 

5. Indigestion– incomplete digestion usually 
accompanied by one or more of the following 
symptoms- pain, nausea, vomiting, heartburn, acid 
regurgitation, accumulation of gas and escape of 
gas from the stomach. 

27. Breathing and Exchange of Gases 

The process of exchange of O2 from the 
atmosphere with CO2 produced by the cell is called 
breathing. It occurs in two stages of inspiration and 
expiration. During inspiration air enters the lungs 
from atmosphere and during expiration air leaves 
the lungs. 

Breathing Respiration 

a. It is simply an intake 
of fresh air and removal 
of foul air. 

b. It is a physical 
process. 

c. No energy is released. 

d. It is an extracellular 
process. 

a. It is the oxidation of food 
to form carbon dioxide, 
water and energy. 

b. It is a biochemical 
process. 

c. Energy is released in 
form of ATP. 

d. It is an intracellular 
process. 

Respiratory Organs – Mechanism of breathing varies in 
different organism according to their body structure 
and habitat. 

Respiratory 
Organs 

Organisms 

Entire Body 
surface 

Sponges, coelenterate, 
flatworms. 

Skin Earthworm. 

Tracheal system Insects 

Gills Pisces, aquatic arthropods. 

Lungs Amphibians, mammals. 

 

 

Human Respiratory System 

• Human respiratory system consists of a pair of 
nostrils, pharynx, larynx, bronchi and bronchioles 
that finally terminates into alveoli. 

• Nasal chamber open into pharynx that leads to 
larynx. Larynx contains voice box (sound box) that 
help in sound production. 

• The trachea, primary, secondary and tertiary 
bronchi and initial bronchioles are supported by 
incomplete cartilaginous rings to prevent 
collapsing in absence of air. 

• Each bronchiole terminates into an irregular 
walled, vascularized bag like structure called 
alveoli. 

• The branching network of bronchi, bronchioles and 
alveoli collectively form the lungs. 

• Two lungs are covered with double layered pleura 
having pleural fluid between them to reduce the 
friction on lung surface. 
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• Conducting parts include nostrils, pharynx, 
larynx and trachea. Main functions include- 

1. Transport of atmospheric air to alveoli. 
2. Removing foreign particles from air, 

humidifying it and bringing it to body 
temperature. 

• The exchange parts are alveoli. It is the site of 
actual diffusion of  and C  between blood 
and atmospheric air. 

Steps of Respiration 

1. Breathing in which Oxygen rich atmospheric air 
is diffused in and C  rich alveolar air is 
diffused out. 

2. Diffusion of gases across alveolar membrane. 
3. Transport of gases by blood. 
4. Diffusion of  and C  between blood 

and tissues. 
5. Utilization of  by cells to obtain energy 

and release of C  (cellular respiration). 

Mechanism of Breathing 

• Breathing involves inspiration and expiration. 
During inspiration atmospheric air is drawn in 
and during expiration, alveolar air is released 
out. 

• Movement of air in and out takes place due to 
difference in pressure gradient. 

• Inspiration occurs when pressure inside the 
lung is less and expiration occurs when 
pressure is more in lungs than outside. 

• The diaphragm and external and internal 
intercostal muscles between the ribs help in 
developing pressure gradient due to change in 
volume. 

• The contraction of intercostal muscles lifts the ribs 
and sternum causing an increase in volume of 
thoracic cavity that results in decrease in pressure 
than the atmospheric pressure. This causes 
inspiration. 

• Relaxation of the diaphragm and intercostal 
muscles reduce the thoracic volume and increase 
the pressure causing expiration. 

• The volume of air involved in breathing 
movements is estimated by using spirometer for 
clinical assessment of pulmonary functions. 

Respiratory Volume and Capacities 

Tidal volume (TV) – volume of air inspired or 
expired during a normal respiration. It is about 
500mL in healthy man. 

Inspiratory Reserve Volume (IRV) – additional 
volume of air a person can inspire by forceful 
inspiration. It is about 2500 mL to 3000mL. 

Expiatory Reserve Volume (ERV) – additional 
volume of air a person can expire by forceful 
expiration. It is about 1000 mL to 1100mL. 

Residual Volume (RV) – volume of air remaining in 
lungs even after a forcible expiration. It is about 
1100mL to 1200mL. 

Inspiratory Capacity (IC) – TV + IRV 

Expiratory Capacity (EC) – TV + ERV 

Functional Residual Capacity (FRC) – ERV + RV 
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Vital Capacity (VC) – maximum volume of air a 
person can breathe in after a forceful expiration. 
ERV+ TV+ IRV 

Total Lung Capacity (TLC) – total volume of air 
accommodated in lung at the end of forced 
inspiration. RV+ ERV+ TV+ IRV or Vital capacity + 
Residual Volume. 

 

Exchange of Gases 

• Exchange of gases takes place at two sites 

1. Alveoli to blood 
2. Between blood and tissues. 
• Exchanges of gases occur by simple diffusion 

due to pressure/ concentration gradient, 
solubility of the gases and thickness of 
membrane. 

• Pressure contributed by individual gas in a 
mixture of gas is called partial pressure 
represented by pC  and p  . 

• Partial pressure of Oxygen and carbon dioxide 
at different part involved in diffusion varies 
from one part to another and moves from 
higher partial pressure to lower partial 
pressure. 

• Solubility of C  is 20-25 times more than 
solubility of  , so C  diffuse much faster 
through membrane. 

• Diffusion membrane is three layered thick, that 
is alveolar squamous epithelium, endothelium 
of alveolar capillaries and basement substance 
between them. 

 
 
Transport of Gases 

• Blood is the medium of transport for C  and  . 
Most of oxygen (97%) is transported through RBC 
and remaining 3% by blood plasma. 

• 20-25% of C  is transported by RBC, 70% as 
bicarbonate and rest 7% in dissolved state by blood 
plasma. 

Transport of Oxygen 
• Haemoglobin in RBC combines with  to form 

Oxyhaemoglobin. Each haemoglobin combine 
with four oxygen molecules. 

• Binding of  is related with partial pressure of 
 and , hydrogen ion concentration and 

temperature. 
• Percentage saturation of haemoglobin and partial 

pressure of oxygen forms sigmoid curve (oxygen 
dissociation curve). 

• In the alveoli, p  is more and pC  is less, less 
H+ ions concentration and lower temperature 
favour the binding of  with hemoglobin. Where 
opposite condition in tissues favour the 
dissociation of Oxyhaemoglobin. 

Transport of Carbon dioxide 

• Carbon dioxide is transported by haemoglobin as 
carbamino-haemoglobin. In tissues pC  is high 
and p  is less that favour the binding of carbon 
dioxide with haemoglobin. Opposite condition help 
in dissociation of carbamino- haemoglobin in 
alveoli. 

• Enzyme carbonic anhydrase help in formation of 
carbonate ions to transport carbon dioxide. 

Regulation of Respiration 

• Human beings have ability to maintain and 
moderate the rate of respiration to fulfill the 
demand of body tissues by neural system. 

• Respiratory rhythm centre is located in medulla 
region of hind brain. Pneumotaxic centre in pons 
moderate the function of respiratory rhythm 
centre. 
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• Chemo-sensitive area near rhythm centre is highly 
sensitive to C and H+ ions that ultimately control 
the respiratory rate. Oxygen do not play major role 
in controlling rate of respiration. 

Functions of Respiration– 

1. Energy production 
2. Maintenance of acid-base balance. 
3. Maintenance of temperature 
4. Return of blood and lymph. 

Mountain Sickness is the condition characterised by 
the ill effect of hypoxia (shortage of oxygen) in the 
tissues at high altitude commonly to person going to 
high altitude for the first time. 

 

Symptoms- 

• Loss of appetite, nausea, and vomiting occurs 
due to expansion of gases in digestive system. 

• Breathlessness occurs because of pulmonary 
oedema. 

• Headache, depression, disorientation, lack of 
sleep, weakness and fatigue. 

Disorder of Respiratory System 

1. Asthma– it is due to allergic reaction to foreign 
particles that affect the respiratory tract. The 
symptoms include coughing, wheezing and 
difficulty in breathing. This is due to excess of 
mucus in wall of respiratory tract. 

2. Emphysema– is the inflation or abnormal 
distension of the bronchioles or alveolar sacs 
of lungs. This occurs due to destroying of septa 
between alveoli because of smoking and 
inhalation of other smokes. The exhalation 
becomes difficult and lung remains inflated. 

3. Occupational Respiratory Disorders– occurs 
due to occupation of individual. This is caused 
by inhalation of gas, fumes or dust present in 
surrounding of work place. This includes 
Silicosis, Asbestoses due to exposer of silica 
and asbestos. The symptom includes 
proliferation of fibrous connective tissue of 
upper part of lung causing inflammation. 

4. Pneumonia– it is acute infection or 
inflammation of the alveoli of the lungs due to 
bacterium streptococcus pneumoniae. Alveoli 
become acutely inflamed and most of air space 
of the alveoli is filled with fluid and dead white 
blood corpuscles limiting gaseous exchange. 

28. Mineral Nutrition 

Mineral nutrition is the study of source, mode of 
absorption, distribution and metabolism of various 
inorganic substances (minerals) by plants for their 
growth, development, structure, physiology and 
reproduction. 

Methods to study the Mineral Requirement of Plants 

• Hydroponics is the technique of growing plants 
in nutrient solution in complete absence of 
soil. This method is used to determine the 
nutrients essential for plants. 

• In this method plant is cultured in soil-free, 
defined mineral solution. These methods 
require purified water and mineral nutrients. 

• Essential elements are identified and their 
deficiency symptoms are discovered by 
hydroponics methods. It is also used for 
commercial production of vegetables, like 
tomato and cucumber. 

Essential mineral nutrients- About 65 elements are 
found in different plants. Following criteria is used to 
determine the essentiality of an element. 

1. Element must be absolutely necessary for the 
normal growth and reproduction to complete 
their life cycle. 

2. The requirement of element must be specific 
and not replaceable. 

3. Element must be directly involved in the 
metabolism of plants. 

    Macronutrients are present in plants tissues in 
larger quantity. C, H and O is obtained from water 
and rest are absorbed from soil. 

 Micronutrients or trace nutrients are required in 
very small quantity. 

On the basis of diverse functions, essential elements 
are divided into following categories- 

 

Role of Macro and Micro nutrients- 
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1. Essential elements participate in various 
metabolic processes in plants such as 
permeability of cell membrane, maintenance 
of osmotic potential, ETS. Etc. 

2. Act as major constituents of macromolecules 
and co-enzymes. 

Various forms and function of essential 
nutrients- 

1. Nitrogen- required by plants in greatest 
amount, it is absorbed by plants as NO2

–, NO3
– 

and NH4
+ . It is one of the major constituent of 

proteins, nucleic acids and vitamins. 
2. Phosphorus- Absorbed by plants from soil in 

the form of phosphate ions. It is the 
constituent of cell membrane. All nucleic acids 
and nucleotides require phosphorus. 

3. Potassium – absorbed as potassium ions (K+). 
Help to maintain cation-anion balance in cells. 
It is involved in protein synthesis, opening and 
closing of stomata. 

4. Calcium – absorbed by plants from soil in form 
of Calcium ions (Ca2+). Used in synthesis of cell 
wall. It activates certain enzymes. 

5. Magnesium- absorbed by plants in form of 
Mg2+ ions. It activates the enzymes for 
respiration, photosynthesis, and involved in 
synthesis of DNA and RNA. It is constituent of 
chlorophyll. 

6. Sulphur- plants obtain sulphur in form of 
sulphate (SO4

2-). Present in amino acids 
(cysteine, methionine) and is main constituent 
of coenzymes and vitamins. 

7. Iron- obtained in the form of ferric iron (Fe3+). 
It is important constituent of protein involved 
in transport system. 

8. Manganese-absorbed in form of Mn2+ ions. 
Main function is splitting of water to liberate 
Hydrogen and Oxygen during photosynthesis. 

9. Zinc-obtained as Zn2+ ions. Activate enzymes 
like carboxylases. Needed in formation of 
Auxin. 

10. Copper –absorbed as cupric ions(Cu2+). 
Involved in various metabolic activities and 
redox reactions. 

11. Boron-absorbed as BO3
3- or B4O7

2- ions. 
Required for uptake of calcium, cell elongation 
and pollen germination. 

12. Chlorine – it is absorbed in form of Cl– ions. 
Determine the solute concentration and 
splitting of water during photosynthesis. 

Deficiency Symptoms of Essential elements 

• When supply of essential elements becomes 
limited, plant growth is retarded. The 
concentration of essential elements below 
which plant growth is retarded is called critical 
concentration. 

• In absence of any particular element, plant 
shows certain morphological changes. These 
morphological changes are called deficiency 
symptoms. 

• The parts of plant that show deficiency 
symptoms depend upon mobility of elements 
in the plants. Elements that are actively 
mobilized (N,Mg,K) show deficiency in older 
regions. On the other hand, symptoms appear 
first in young region if the elements are 
relatively immobile (Ca) and not transported 

out of mature tissues. 
• Kinds of deficiency syndrome are as 

follows- 

Deficiency 
Disease 

Symptoms 
Deficient 
elements 

Chlorosis 
Loss of chlorophyll 
leading to yellowing 
of leaves. 

N, K, Mg, S, 
Fe, MN, Zn, 
Mo 

Necrosis 
Death of tissue 
(leaf). 

Ca, Mg, Cu, K. 

Stunted plant 
growth 

Less height of plant Fe, K. 

Premature fall 
of leaves and 
buds. 

Falling of leaves and 
buds. 

P, Mg, Cu 

Inhibition of cell 
division 

Less elongation in 
stem. 

Low level of 
N, K, S, Mo. 

• Deficiency of any element may cause many 
symptoms or same symptoms may be caused by 
different elements. To identify the deficient 
elements various symptoms are compared with 
standard chart.Toxicity of micronutrients- in 
higher doses, micronutrients become toxic. Any 
tissue concentration which reduces dry weight of 
tissue by 10% is called toxic concentration. Critical 
toxic concentration is different for different 
elements.Mechanism of absorption of elements 

• It takes place in two phases. In first phase, rapid 
intake of ions occurs in free space or outer space of 
the cells, apoplast. In second phase, ions are taken 
slowly into inner space, the symplast of the cells. 

• Passive movement of ions in apoplast occurs 
through ion channels and trans-membrane 
protein. On the other hand, movement of ions into 
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symplast occurs by expenditure of energy by active 
process. 

• The movement of ion is called flux. The inward 
movement is called influx and outward movement 
is called efflux. 

• Translocation of solutes occur through xylem 
along with ascending stream of water 

 

 

 

 

29. Human Health and Disease 

The state of complete physical, mental and social well 
beings is called health. Health simply does not simply 
means disease-free condition or physical fitness. 
Health is affected by- 

• Genetic disorders – the defect which child 
inherits from it parents. 

• Infection from microbes or other organisms. 
• Lifestyle- includes food and water we take, 

exercise and rest. 

Good health can be maintained by 

• Balanced diet. 
• Personal hygiene 
• Regular exercise 
• Awareness about the disease and their effect 
• Immunization against the infectious disease 
• Proper disposal of wastage 
• Control of vectors 
• Maintenance of hygienic food and water. 

Disease – Diseases can be broadly grouped into 
infectious and non-infectious. 

a) Infectious disease -Diseases which are easily 
transmitted from one person to another, are called 
infectious diseases e.g AIDS, common cold, malaria, 
tuberculosis etc 

b) Non-infectious disease – Diseases which cannot 
transmitted from one person to another, are called 
non- infectious diseases e.g cancer, hypertension, 
diabetes etc. 

Common Diseases in Humans: 

• The disease-causing microorganisms like bacteria, 
virus, fungus, protozoa, helminthes are called 
pathogen. 

• The pathogen can enter the body by various means 
and multiply and interfere with normal vital 
activities resulting in morphological and 

functional damage. 

Name of disease 
/test 

Causal organisms Symptoms Effects 

Typhoid / Widal 
test 

Salmonella typhi Sustained high fever, 
weakness, stomach pain, 

 

Pneumonia Streptococcus 
pneumoniae and 
Haemophilus influenzae 

Fever, chills, cough and 
headache. 

Alveoli get filled with 
fluid leading to severe 
problems in 
respiration. 

Common cold Rhino viruses Nasal congestion and 
discharge, sore throat, 
cough and headache. 

Infect the nose and 
respiratory passage. 

Malaria Plasmodium (P. vivax, P. 
malaria and P. 
falciparum) 

The chill and high fever 
recurring 3 to 4 days. 

Parasite multiply within 
lever cells and then 
attack the RBCs. 

Amoebiasis or 
Amoebic 
dysentery 

Entamoeba histolytica Constipation, abdominal 
pain, cramps, stool with 
mucous and blood clot. 

Infect the large 
intestine. 

Ascariasis Ascaris (Helminthes) Internal bleeding, 
muscular pain, fever, 
anemia etc. 

Healthy person get 
infected through water, 
vegetable etc. 
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Elephantiasis or 
filariasis 

Wuchereria (W. 
bancrofti and  W. malayi) 

Inflammation in the lower 
limb and genital organs. 

Lymphatic vessels of 
lower limbs get 
blocked. 

Ring worms Microsporum, 
Trichophyton and 
Epidermophyton 

Appearance of dry, scaly 
lesions on various part of 
body. 

Infects the skin, nail 
and scalp. 

  

Life cycle of plasmodium : Plasmodium enters the 
human body as small sporozoites through the bite of 
infected female anopheles mosquito and multiplies 
within the lever cells. Later attacks the RBCs resulting 
the rapture with release of toxic substance, 
haemozoin, which is responsible for high fever and 
chill recurring every three to four days. 

Malarial parasite requires two hosts, human and 
anopheles mosquito to complete their life cycle. 
Female anopheles is vector of this disease to human 
beings. 

Immunity – the ability of host cells to fight the 
disease causing microorganism due to immune 
system is called immunity. There are two types of 
immunity- 

Innate immunity – non-specific types of defence 
presents at the time of birth and provide different 
kinds of barriers to the entry of foreign agents into 
the body. it consists of four types of barrier- 

a. Physical barrier- skin, mucus coating of epithelium 
lining the respiratory, gastrointestinal and urogenital 
tract. 

b. Physiological barrier- acid in stomach and saliva in 
mouth. 

c. Cellular barrier- leucocytes, neutrophils, 
monocytes. 

d. Cytokine barriers- virus infected cells secretes 
protein called interferon. 

No Innate Immunity 
Acquired (Adaptive) 
Immunity 

1 
Present from birth 
itself 

Develops during life time 

2 
The immunity 
remains throughout 
life. 

Can be short lived or 
lifelong. 

3 

Contact or exposure 
with pathogen or its 
antigen is not 
essential. 

Contact with pathogen or 
its antigen is essential. 

4 
Innate immunity is 
inheritable. 

Acquired immunity 
cannot be passed to the 
next generation except 
for a brief period to 
neonates. 

5 

It protects the 
individuals from 
contraction of 
diseases of other 
organisms. 

It protects the individuals 
from pathogens present 
on other members of the 
same species. 

Acquired Immunity- pathogen specific defence 
characterised by memory. When our body 
encounters a pathogen first time produces a 
response called primary response of low intensity. 
Subsequent encounter by same pathogen produce 
highly intensified response called secondary 
response or anamnestic response due to memory of 
first encounter. 

Primary and secondary responses are carried out 
with the help of B-lymphocytes and T-lymphocytes. 
B-lymphocytes produce army of protein called 
antibodies each having two light and two heavy 
chains. 

It involves two types of lymphocytes – 

• B lymphocytes: Show humoral immune 
response (HI) 

• T lymphocytes: Show cell mediated 
immunity (CMI) 

Structure of an Antibody: 
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• The antibodies are protein molecules called 
immunoglobulins and are of various types like 
IgA, IgM, IgE, IgG. 

• Each antibody molecule consists of four 
polypeptide chains, two are long called heavy 
chains and other two are short called light 
chains. Both are arranged in the shape of ‘Y’, 
hence an antibody is represented as H2L2. 

On the basis of production of antibodies, immunity 
can be further categorised as – 

• Active immunity: Body produces its own 
antibodies against antigens 

• Passive immunity: Readymade antibody is 
transferred from one individual to another 

• Colostrum (contains antibodies IgA) is an 
example of passive immunity provided by the 
mother to her child. 

Different types of antibodies produce in blood 
include IgA, IgM, IgEete. They are called humoral 
immune response due to presence in blood. 

Human immune system can distinguish between self 
and foreign molecules or foreign bodies. Sometimes, 
due to genetic or unknown reasons, the body attack 
self-cells. This results in damage to the body and 
called auto-immune disease. Rheumatoid arthritis is 
due to this effect. 

Allergies – the exaggerated response of immune 
system to certain antigens present in the 
environment is called allergy. The substance to 
which such immune response is produced is called 
allergens. The antibodies produced due to these are 
IgE types. Allergy is due to secretion of chemicals like 
histamine and serotonin from the mast cells. 

Immune system in the body- the human immune 
system includes lymphoid organs, tissue, cells and 
soluble molecules like antibodies. 

Lymphoid organs are the organs where origin and 
maturation and proliferation of lymphocytes occur. 
Primary lymphoid organs include bone marrow and 
thymus. 

After maturation lymphocytes migrate to secondary 
lymphoid organ like spleen, lymph nodes, tonsils, 

peyer’s patches of small intestine and appendix. 
They provide the sites for interaction lymphocyte 
with antigens. 

There is lymphoid tissue also located within the 
lining of respiratory, digestive and urogenital tract 
called mucosal associated lymphoid tissue ( MALT). 
It constitutes 50% of lymphoid tissues in human 
body. 

AIDS (Acquired Immuno Deficiency Syndrome) was 
first reported in 1981. It is caused by HIV (human 
Immuno deficiency virus), a retrovirus. Transmission 
of HIV virus occurs by- 

a. Sexual contact with infected person 

b. Transfusion of contaminated blood and blood 
products 

c. Sharing infected needles as in intravenous drug 
abusers 

d. Infected mother to her child through placenta. 

AIDS/HIV does not spread by physical contact. It 
spread only through body fluids. There is always time 
lag between infection and appearance of symptoms 
that may vary from 5-10 years. 

Diagnostic test for AIDS is ELISA (enzyme-linked 
Immuno-sorbent assay). The treatment of this 
disease with anti-retroviral drug is partially effective 
and just prolonged the life but not prevents the 
death. 
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30. Biotechnology and its Applications 

Biotechnology deals with industrial-scale production 
of bio pharmaceuticals and biological using 
genetically modified microbes, fungi, plants and 
animals. It application includes therapeutics, 
diagnostics, genetically modified crops for 
agriculture, processed food, bio remediation, waste 
treatment and energy production. The main three 
critical research areas of biotechnology includes – 

1. Providing the best catalyst in the form of 
improved organism usually a microbes or 
pure enzyme. 

2. Creating optimal conditions through 
engineering for a catalyst to act. 

3. Downstream processing technologies to 
purify the protein or organic compounds. 

Biotechnological Applications in Agriculture- food 

production can be increased by 

a) Agro-chemical based agriculture 

b) Organic agriculture 

c) Genetically engineered crop-based agriculture. 

• Green revolution successfully increased the food 
production many folds by using better 
management practices and use of 
agrochemicals, fertilizers and pesticides. Further 
increase in production is not possible by using 
these methods. To overcome this genetically 
modified crop is used. 

• Plants, bacteria, fungi and animals whose genes 
have been altered by manipulation are called 
Genetically Modified Organisms (GMO). GM 
plants have many applications- 

• Made crops more tolerant to abiotic stresses 
• Reduced reliance on chemical pesticides 
• Helped to reduce post harvest losses 
• Increased efficiency of mineral usage by plants 
• Enhanced nutritional value of food, eg., Vitamin 

‘A’ enriched rice. 

Application of Biotechnology in production of pest-

resistant plants– 

Pest resistant plants decrease the amount of 
pesticides used. Bt toxin is produced by a bacterium 
called Bacillus thuringiensis.Bt toxin gene has been 
cloned from the bacteria and been expressed in 
plants to provide resistance to insects without the 
need for insecticides; in effect created a bio-
pesticide. Examples are Bt cotton, Bt corn, rice, 
tomato, potato and soyabean etc 

Bt cotton– Bacterium Bacillus thuringiensis produce 
proteins that kill certain insects like lepidopterens, 
colepterans (beetels) and dipterans (flies, 
mosquitoes). 

• B. thuringiensisproduce crystals that contain a 
toxic insecticidal protein. This toxic protein 
present in bacterium as inactive protoxins but as 
soon as insect ingest the inactive form due to 
alkaline pH of gut, it converted into an active 
form of toxin and bind to surface of midgut 
epithelial cells and create pores that cause cell 
swelling and lysis and eventually death of insect. 

• The gene from B. thuringiensishas been 
incorporated into several crop plants like cotton, 
maize, rice etc. The toxin is coded by a gene 
named cry. The protein coded by the genes 
crylAb and cryIIAb control the cotton bollworms, 
cryIAb controls corn borer. 
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Pest Resistant Plants  

• Nematodes like Meloidegyne incognitia infects 
the roots of tobacco plants and causes reduction 
in yield. The infestation of these nematodes can 
be prevented by the process of RNA 
interference (RNAi). RNAi is present in all 
eukaryotic organisms as cellular defence by 
silencing of specific mRNA due to 
complementary dsRNA molecules that bind to 
and prevents translation of the mRNA. 
The source of complementary dsRNA may be 
from an infection by viruses having RNA 
genomes or mobile genetic elements that 
replicate through RNA intermediate. 

• Nematode specific genes were introduced into 
host plant using Agrobacterium vectors. The 
parasite could not survive in a transgenic host 
expressing specific interfering RNA. 

Biotechnological Applications in Medicine  

The rDNA technological processes have made 
immense impact in the area of healthcare by 
enabling mass production of safe and more effective 
therapeutic drugs.  At present, about 30 
recombinant therapeutics have been approved for 
human use the world over. In India, 12 of these are 
presently being marketed. 

Genetically Engineered Insulin  

Adult –onset diabetes can be controlled by taking 
insulin at regular intervals. The main source of this 
insulin was isolation of insulin from animals. Now a 
day’s insulin can be obtained from bacterium using 
techniques of biotechnology. 

• Insulin was earlier extracted from pancreas of 
slaughtered cattle and pigs but insulin from 
these sources develops allergy or other types of 
reactions to the foreign protein. 

• Insulin consists of two short polypeptide chains- 
chain A and chain B, that are linked together by 
disulphide bridges. 

 

• In humans, insulin is synthesised as a 
prohormone, which contains an extra stretch 
called C peptide, which is absent in mature 
insulin. The main challenge for production of 
insulin using rDNA technique was getting insulin 
assembled into a mature form. 

• An American company, Eli Lilly in 1983 prepared 
two DNA sequence corresponding to A and B 
chain of human insulin and introduced them in 
plasmids of E.coli to produce insulin chain. Chain 
A and Chain B were produced separately, 
extracted and combined by creating disulphide 
bonds to form human insulin. 
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Gene Therapy 

It is a collection of methods that allows correction of 
a gene defect that has been diagnosed in a child or 
embryo. This method is applied in a person with a 
hereditary disease. In this method, genes are 
inserted into a person’s cells and tissues to treat a 
disease. 

• The correction of gene defect involves delivery 
of a normal gene into the individual or embryo 
to take over the function of and compensate for 
non-functional gene. 

• The first clinical gene therapy was done in 1990 
to a 4 year old girl with adenosine deaminase 
(ADA) deficiency. This disorder is caused due to 
the deletion of the gene for adenosine 
deaminase that is essential for immune system 
to function. This defect can be treated by 
enzyme replacement therapy in which functional 
ADA is given to the patient by injection or bone 
marrow transplant. 

• In gene therapy method lymphocytes from the 
blood of the patient are grown in culture 
medium outside the body. A functional ADA 
cDNA is then introduced into these 
lymphocystes and returned to the patient. In this 
method periodic infusion of such genetically 
engineered lymphocytes is needed. If gene 
isolated from bone marrow cells producing ADA 
is introduced into cells at early embryonic stages, 
it could be a permanent cure. 

Molecular Diagnosis  

Conventional method of diagnosis such as serum or 
urine analysis is not able to early detection of disease 

causing pathogens or virus. Following methods can 
be used to diagnosed earlier- 

I. Recombinant DNA technology 

II. Polymerase Chain Reaction (PCR) 

III. Enzyme Linked Immuno-sorbent Assay (ELISA). 

• Symptoms of disease appear only when the 
concentration of pathogen get increased 
significantly. Low concentration of bacteria and 
virus can be detected by amplification of nucleic 
acid by PCR. It detects the mutation in the gene 
in cancer patient. PCR is routinely used to detect 
the HIV in suspected AIDS patients. Genetic 
disorder can be also detected by using PCR 
technique. 

• A single stranded DNA or RNA having radioactive 
molecule is allowed to hybridise to its 
complementary DNA in a clone of cells followed 
by detection using autoradiography. The clone 
having the mutated gene will not appear on the 
photographic film. 

• ELISA is based on the principle of antigen-
antibody interaction. Infection by pathogen can 
be detected by the presence of antigens like 
proteins, glycoproteins etc. or by detecting the 
antibodies synthesised against the pathogen. 

Transgenic Animals  

Animals that have had their DNA manipulated to 
possess and express a foreign gene are known as 
transgenic animals. Transgenic mice, rats, rabbits, 
pigs, sheep, cows and fish have been produced. 
Common reasons for development of transgenic 
animals- 

a) Normal physiology and development– they are 
designed to allow the study of gene regulation, their 
effect on normal function of body. By introducing 
genes from other species that alter the formation of 
this factor and studying eh biological affects that 
results. 

b) Study of disease– a number of transgenic animals 
are designed to increase our understanding of how 
genes contribute to the development of disease. 
Transgenic model has been developed for disease 
like cancer, cystic fibrosis, Alzheimer’s disease etc. 
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c) Biological products– .Transgenic animals that 
produce useful biological products can be created by 
the introduction of the portion of DNA (gene) which 
codes for a particular product such as human protein 
(alpha – 1-antitrypsin) used to treat 
emphysema.  The first transgenic cow, Rosie, 
produced human protein-enriched milk (alpha-
lactalbumin – 2.4 gm / litre). 

d) Vaccine safety– transgenic mice are developed for 
used in testing the safety of vaccine before they are 
used on human. Polio vaccine was tested on 
transgenic mice and then on monkey. 

e) Chemical safety testing– transgenic animals are 
made that carry genes which make them more 
sensitive to toxic substances than non-transgenic 
animals. It gives us the results in less time. 

Ethical Issues: 

The Indian Government has set up organizations 
such as GEAC (Genetic Engineering Approval 
Committee), which will make decisions regarding the 
validity of GM research and the safety of introducing 
GM-organisms for public services.Biopatent: 
A patent is the right granted by a government to an 
inventor to prevent others from making commercial 
use of his invention. Now, patents are granted for 
biological entities and for products derived from 
biological resources.Biopiracy: 
It is the term used to refer to the use of bio-resources 
by multinational companies and other organizations 

without proper authorization from the countries and 
people concerned without compensatory payment. 

In 1997, an American company got patent rights on 
Basmati rice through the US Patent and Trademark 
Office.  This allowed the company to sell a ‘new 
variety of Basmati, in the US and abroad.  This ‘new’ 
variety of Basmati had actually been derived from 
Indian farmer’s varieties. Indian Basmati was crossed 
with semi-dwarf varieties and claimed as an 
invention or a novelty. 

Several attempts have also been made to patent 
uses, products and processes based on Indian 
traditional herbal medicines, e.g., turmeric and 
neem.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 






