
RRB
Railway Recruitment Board

Publications

• General Science
• General Awareness

Comprehensive Theory with Practice Questions 

& Previous Years’ Solved Questions

Junior Engineer

Computer Based Test - Stage 1
CBT 1 : 2019



MADE EASY PUBLICATIONS has taken due care in collecting the data and providing the solutions, before publishing this book. 
Inspite of this, if any inaccuracy or printing error occurs then MADE EASY PUBLICATIONS owes no responsibility. MADE EASY 
PUBLICATIONS will be grateful if you could point out any such error. Your suggestions will be appreciated.

© All rights  reserved by MADE EASY PUBLICATIONS. No part of this book may be reproduced or utilized in any form without the 
written permission from the publisher.

MADE EASY Publications

Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro Station), New Delhi-110016
E-mail: infomep@madeeasy.in
Contact: 011-45124660, 08860378007

Visit us at: www.madeeasypublications.org

RRB-Junior Engineer : General Science & General Awareness
Copyright © by MADE EASY Publications.
All rights are reserved. No part of this publication may be reproduced, stored in or introduced into a retrieval system, or 

transmitted in any form or by any means (electronic, mechanical, photo-copying, recording or otherwise), without the 

prior written permission of the above mentioned publisher of this book.

First Edition: 2019

Publications



The post of Railway Recruitment Board-Junior Engineer has always been 

preferred by Engineers due to job stability. Indian Railways is one of the biggest 

Government employers in India. With the exam being just a few months away, it 

is time for the candidates planning to appear for the exam to pull up their socks 

and start their RRB-JE preparation.

The RRB-JE exam is conducted in two stages as shown in table given below. 

Papers Subjects Maximum Marks Duration

CBT-1 : Objective Type (i) Mathematics

(ii) General Intelligence and Reasoning

(iii) General Awareness

(iv) General Science

30 Marks

25 Marks

15 Marks

30 Marks

90 Minutes

Total 100 Marks

CBT-2 : Objective Type (i) General Awareness

(ii) Physics and Chemistry

(iii) Basics of Computers and Applications

(iv) Basics of Environment and Pollution Control

(v) Technical Abilities (viz, CE, ME, EE, EC, CS etc)

15 Marks

15 Marks

10 Marks

10 Marks

100 Marks

120 Minutes

Total 150 Marks

Note: There shall be negative marking for incorrect answers in CBTs. Each question carries 1 mark and 1/3rd of the 

marks alloted for each question shall be deducted for each wrong answer. Candidates shortlisted in Stage 1 will be 

called for Stage 2.

This book comprises both the General Science & General Awareness subjects. Besides, previous years’ RRB-JE questions 

have been also included in a separate section. MADE EASY has taken due care to present detailed theory and MCQs 

without compromising the accuracy of answers. 

Apart from Railway Recruitment Board-Junior Engineer Exam, this book is also useful for Public Sector Examinations and 

other competitive examinations for engineering graduates. I hope this book will prove as an important tool to succeed 

in RRB-JE and other competitive exams.

I have true desire to serve student community by providing good source of study materials and quality guidance. Any 

suggestion from the readers for improvement of this book is most welcome. 

With Best Wishes

B. Singh

CMD, MADE EASY

Preface



Exam Syllabus
(Computer Based Test 2019-First Stage) 

Mathematics: Number systems, BODMAS, Decimals, Fractions, LCM and HCF, Ratio and Proportion, Percentages, 
Mensuration, Time and Work, Time and Distance, Simple and Compound Interest, Profit and Loss, Algebra, 
Geometry, Trigonometry, Elementary Statistics, Square Root, Age Calculations, Calendar & Clock, Pipes & Cistern.

General Intelligence and Reasoning: Analogies, Alphabetical and Number Series, Coding and Decoding, 
Mathematical operations, Relationships, Syllogism, Jumbling, Venn Diagram, Data Interpretation and Sufficiency, 
Conclusions and Decision Making, Similarities and Differences, Analytical reasoning, Classification, Directions, 
Statement – Arguments and Assumptions etc.

General Awareness: Knowledge of Current affairs, Indian geography, culture and history of India including 
freedom struggle, Indian Polity and constitution, Indian Economy, Environmental issues concerning India and 
the World, Sports, General scientific and technological developments etc.

General Science: Physics, Chemistry and Life Sciences (up to 10th Standard CBSE syllabus).
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Chemistry

Matter
• Anything that has mass and occupies space is 

called matter. Matter can be classified on the 
basis of physical state and chemical constitution. 
In the physical state it is found in the form of 
solids, liquids and gases. These three forms of 
matter are found because of intermolecular force 
(force among atoms and molecules). 

• Solids have a definite shape because of strong 
intermolecular force. The molecular force is 
not so strong in liquids, and therefore, liquids 
do not have a definite shape and have fluidity. 
Because of extremely weak intermolecular force, 
gases move freely and can occupy any space. 
According to chemical composition, matter can 
be classified into elements, compounds and 
mixtures.

Composition of Matter

• Substance: A substance is a matter which 
cannot be separated into other kinds of matter 
by any physical force.

• Element: It is the purest form of a substance 
which cannot be broken into simpler substances 
by any chemical or physical process. Only one 
kind of atom is present in an element. There are 
118 known elements, out of which 27 are man-
made.

 Elements can be divided into three groups: 
metals, non-metals and metalloids.

 1. Metals: Any chemical element that is an 
effective conductor of electricity and heat 
can be defined as a metal. These are 90 in 
number.

 2. Non-metals: These are substances that do 
not exhibit such characteristic properties of 
metals as hardness, mechanical adaptability, 
or the ability to conduct electricity. There 
are 24 non-metals, out of which 12 found in 
solid state, one in liquid (Br) state and 11 in 
gaseous state.

 3. Metalloids: Metalloids possess the 
characteristics of both metal and non-
metal, e.g. Silicon (Si), Germanium (Ge) and 
Antimony (Sb).

• Compound: Two or more elements chemically 
combined to form a substance is called a 
compound. 



• Mixture: More than one substance (elements 
or/and compounds) is combined together to 
form a mixture. It can be separated by physical 
processes into two or more substances. 

 Classification of mixture is done under two 
categories:

 (i) Homogeneous mixture: A homogeneous 
mixture, which is also called a solution, 
has a uniform composition throughout. For 
example: Air with nitrogen and oxygen as two 
main constituents, honey, a solution of salt or 
sugar, etc.

 (ii) Heterogeneous mixture: A mixture which 
consists of basically distinct parts, each with 
different properties, is called a heterogeneous 
mixture. For example: When oil is mixed with 
water it forms a heterogeneous mixture.

Separation of Matter
Filtration, sublimation, decantation, chromatography, 
crystallization, etc. are some of the methods by 
which substances can be separated from a mixture.

• Filtration: It is a process of separating a 
suspended solid, such as a precipitate, from 
the liquid in which it is already suspended by 
straining it through a porous medium that can be 
penetrated easily by liquids.

• Sublimation: Heating certain substances which 
directly change into vapour without changing 
into liquid. For example: Camphor, Ammonium 
chloride (NH4Cl), etc.

• Decantation: This process is applied to a mixture 
in which one compound is a liquid and the other 
an insoluble solid heavier than the liquid.

• Crystallization: For the separation and 
purification of solid substances, this method is 
most widely used.

Processes and Terms Related to Matter

• Diffusion of Gases: Diffusion is the movement 
of a gas into space or the mixing of one gas with 
another: e.g. when deodorants or perfumes are 
released in one part of a room, they diffuse and 
one can soon detect the odour in all parts of the 
room.

 The detection of leakage of LPG, because of 
mixing of ethyl mercaptan, is also an example of 
diffusion of gases.

• Effusion of Gases: It is the escape of a gas 
through a tiny hole. If gases are placed in a 
container with porous walls, such as in a balloon, 
the particles effuse through its walls, causing the 
volume to gradually decrease.

• Freezing Point: The temperature at which a liquid 
freezes at a certain pressure is known as the 
freezing point. Due to the presence of impurities 
in a substance, its melting point (MP) and freezing 
point (FP) decreases. This is the reason that in an 
ice-cream factory a little amount of salt (NaCl) is 
mixed with the substance to be freezed.

• Melting Point: The melting point is the 
temperature at which a solid changes into a 
liquid.

• Boiling Point: The temperature at which a 
liquid changes into gas or vapour is known as 
the boiling point. The boiling point of water is 
100°C.

Do You Know?

• The melting point of an alloy is less than that of 
its constituent elements due to the presence 
of impurities.

• The boiling point of alcohol is lower than that 
of water.

• Evaporation: Evaporation is the process of 
change of liquid into a gas. Evaporation takes 
place at all temperatures. Wet clothes dry even 
in shadow due to evaporation.

Difference between Evaporation and Boiling

Evaporation Boiling

Evaporation takes 
place spontaneously 
at all temperatures.

Boiling takes place 
only at a definite 
temperature (boiling 
point) at which the 
vapour pressure of the 
liquid is equal to the 
atmospheric pressure.

Evaporation takes 
place only at the 
surface of the liquid.

Boiling takes place 
even below the 
surface of the liquid in 
the form of bubbles.
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Plasma and Bose Einstein Condensate

Plasma is a mixture of free electrons and ions. 
Plasma is considered the fourth state of matter. 
Plasma occurs naturally in the stars (including the 
sun). Inside the stars, the temperature is so high 
that the atoms break up. Some of the electrons 
break away from the atoms converting the rest of 
atoms into electrically charged particles called 
ions. This mixture of free electrons and ions in a 
star is called plasma. The sun and other stars 
glow because of the presence of plasma in them.

A plasma is an ionized gas. It is a very good 
conductor of electricity and is affected by magnetic 
fields. Plasma like gases have an indefinite shape 
and an indefinite volume. Plasma is the common 
state of matter.

When electricity is passed through a fluorescent 
tube (or neon sign bulb), the gases present in 
them get ionised to form plasma. This plasma 
makes a fluorescent tube (or neon sign bulb) to 
glow.

In 1920, an Indian scientist Satyendra Nath Bose 
did some calculations for the fifth state of matter. 
On the basis of these calculations, Albert Einstein 
predicted the existence of a new state of matter 
called Bose-Einstein Condensate (BEC).

The fifth state of matter called Bose-Einstein 
Condensate was finally achieved by three 
scientists, Cornell, Ketterle and Wieman of USA 
by cooling a gas of extremely low density (about 
one hundred thousandth the density of normal air) 
to super low temperatures.

Atoms and Molecules
• In 1803, John Dalton propounded the atomic 

theory, according to which an atom is indivisible 
and this concept remained predominant up 
to the end of the 19th century. But later atomic 
models and atomic theories proved that atoms 
are divisible and they have a definite internal 
configuration and composition. 

• Atomic models like Rutherford’s model and 
Bohr’s model have confirmed that the atoms are 
composed of a number of micro particles like 
electron, proton and neutron. Apart from electron, 

proton and neutron, some micro particles such as 
positron, meson and neutrino are also present.

Atom and Molecule:
The atom of an element is that smallest particle which 
takes part in a chemical reaction but doesn’t exist in 
a free state. Similarly, the molecule of an element or 
compound is that smallest particle which doesn’t take 
part in a chemical reaction but exists in a free state.

Laws of Chemical Combination

There are three important laws of chemical 
combination. These are :

1.  Law of conservation of mass (or matter).

2.  Law of constant proportions.

3.  Law of multiple proportions.

Law of Conservation of Mass

In the 18th century, scientists noticed that if they 
carried out a chemical reaction in a closed container, 
then there was no change of mass. This preservation 
of mass in a chemical reaction led to the formulation 
of the law of conservation of mass (or law of 
conservation of matter).

Law of conservation of mass was given by Lavoisier 
in 1774. According to the law of conservation of 
mass : Matter is neither created nor destroyed in a 
chemical reaction. The substances which combine 
together (or react) in a chemical reaction are known 
as ‘reactants’ whereas the new substances formed 
(or produced) as a result of chemical reaction are 
called ‘products’. The law of conservation of mass 
means that in a chemical reaction, the total mass of 
products is equal to the total mass of reactants. There 
is no change in mass during a chemical reaction. 

01 Sodium carbonate reacts with ethanoic acid to 

form sodium ethanoate, carbon dioxide and 

water. In an experiment, 5.3 g of sodium 

carbonate reacted with 6 g of ethanoic acid to form 

8.2 g of sodium ethanoate, 2.2 g of carbon dioxide 

and 0.9 g of water. Show that this data verifies the 

law of conservation of mass.
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SOLUTION : All that we have to do in this problem 
is to calculate the mass of reactants and products 
separately, and then compare the two. If the two 
masses are equal, then the law of conservation of 
mass gets verified. The given reaction can be written 
as :

(i) Sodium carbonate and ethanoic acid are 
reactants.

 So, Mass of reactants = Mass of sodium 
carbonate + Mass of ethanoic acid

 = 5.3 + 6
 = 11.3 g ...(i)
(i) Sodium ethanoate, carbon dioxide and water are 

products.

 So, Mass of products = Mass of sodium ethanoate 
+ Mass of carbon dioxide +  Mass of water

 = 8.2 + 2.2 + 0.9

 = 11.3 g ...(ii)

We find that the mass of reactants is 11.3 g and the 
mass of products is also 11.3 g. Since the mass of 
products is equal to the mass of reactants, the given 
data verifies the law of conservation of mass.

Law of Constant Proportions

The law of constant proportions was given by Proust 
in 1779. He analysed the chemical composition (type 
of elements present and percentage of elements 
present) of a large number of compounds and came 
to the conclusion that the proportion of each element 
in a compound is constant (or fixed).

Based on these observations, Proust formulated the 
law of constant proportions. According to the law of 
constant proportions : A chemical compound always 
consists of the same elements combined together in 
the same proportion by mass.

This law means that whatever be the source from 
which it is obtained (or the method by which it is 
prepared), a pure chemical compound is always 
made up of the same elements in the same mass 
percentage.

For example, water is a compound which always 
consists of the same two elements, hydrogen and 

oxygen, combined together in the same constant 
proportion of 1 : 8 by mass (1 part by mass of 
hydrogen and 8 parts by mass of oxygen).

02 In an experiment, 1.288 g of copper oxide was 

obtained from 1.03 g of copper. In another 

experiment, 3.672 g of copper oxide gave, on 

reduction, 2.938 g of copper. Show that these figures 

verify the law of constant proportions.

SOLUTION : In order to solve this problem we have 

to calculate the ratio (or proportion) of copper 

and oxygen in the two samples of copper oxide 

compound. Now :

(a) In the first experiment:

 Mass of copper = 1.03 g

and, Mass of copper oxide = 1.288 g

So, Mass of oxygen = Mass of copper oxide – 

   Mass of copper

  = 1.288 – 1.03

  = 0.258 g

Now, in the first sample of copper oxide compound:

Mass of copper : Mass of oxygen = 1.03 : 0.258

  = 
1.03
0.258

  = 3.99 : 1

  = 4:1

(b) In the second experiment:

 Mass of copper = 2.938 g

and, Mass of copper oxide = 3.672 g

So, Mass of oxygen = Mass of copper oxide – 

   Mass of copper

  = 3.672 – 2.938

  = 0.734 g

Now, in the second sample of copper oxide 
compound:

Mass of copper : Mass of oxygen = 2.938 : 0.734

  = 
2.938
0.734

  = 3.99 : 1

  = 4:1

From the above calculations we can see that the ratio 
(or proportion) of copper and oxygen elements in the 
two samples of copper oxide compound is the same 
4:1. So, the given figures verify the law of constant 
proportions.
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Dalton’s Atomic Theory
The theory that all matter is made up of very 
tiny indivisible particles (atoms) is called atomic 
theory of matter. Dalton put forward his atomic 
theory of matter in 1808. The various postulates 
(or assumptions) of Dalton’s atomic theory of 
matter are as follows :
1. All the matter is made up of very small particles 

called ‘atoms’.

2. Atoms cannot be divided.

3. Atoms can neither be created nor destroyed.

4. Atoms are of various kinds. There are as many 
kinds of atoms as are elements.

5. All the atoms of a given element are identical 
in every respect, having the same mass, size 
and chemical properties.

6. Atoms of different elements differ in mass, size 
and chemical properties.

7. Chemical combination between two (or more) 
elements consists in the joining together of 
atoms of these elements to form molecules of 
compounds.

8. The ‘number’ and ‘kind’ of atoms in a given 
compound is fixed.

9. During chemical combination, atoms of 
different elements combine in small whole 
numbers to form compounds.

10. Atoms of the same elements can combine in 
more than one ratio to form more than one 
compound.

Dalton’s atomic theory was based on the laws of 
chemical combination. For example, the postulate 
of Dalton’s atomic theory that “atoms can neither 
be created nor destroyed” was the result of law 
of conservation of mass given by Lavoisier. And 
the postulates of Dalton’s atomic theory that “the 
elements consist of atoms having fixed mass, 
and that the number and kind of atoms in a given 
compound is fixed,” came from the law of constant 
proportions given by Proust.

Fundamental Particles of the Atom

• Electron: This fundamental particle was invented 
by J. J. Thomson in 1897. It is a negatively 
charged particle that rotates in various orbits 
around the nucleus.

• The mass of an electron = 9.1 × 10–31 kg and the 
charge of an electron = –1.6 × 10–19 coulomb. 

The mass of electron can be equated to 1/1837 
of that of a hydrogen atom.

• Proton: This fundamental particle was invented 
by Goldstein in 1919 and it is a positively charged 
stable particle. The mass of a proton = 1.67 × 
10–27 kg and the charge of a proton = + 1.6 × 
10–19 coulomb.

• Neutron: This fundamental particle was invented 
by Chadwick in 1932. It is a neutral unstable 
particle. The masses of a proton and neutron are 
nearly equal.

Particle Mass (kg) Charge Relative 
charge 

Electron 
(e)

9.10 × 10–31 –1.6 × 10–19C –1

Proton 
(P)

1.67 × 10–27 +1.6 × 10–19C +1

Neutron 
(n)

1.67 × 10–27 0 0

• Nucleus: The nucleus consists of protons and 
neutrons and these are collectively known as 
nucleons. Since the electrons are of negligible 
mass, the entire mass of the atom is due to the 
nucleus, i.e. nucleons. The sum of the neutrons 
and protons is known as the mass number.

 Mass number = No. of protons + No. of neutrons

 Mass number is generally represented by the 
letter A.

Rutherford Atomic Model
In 1911, Rutherford conducted an experiment to 
detect the inner composition or configuration of 
an atom. It was called Rutherford’s alpha particle 
scattering experiment. 

This model has the following conclusions:

(i) In an atom there is a central massive part called 
nucleus, which is surrounded by the electrons. 
In this nucleus protons and neutrons are packed 
together.

(ii) The atom is spherical and most of its part is 
empty.

(iii) The size of the nucleus is very small in comparison 
to the entire atom.

(iv) Rutherford predicted empirically that the 
electrons rotate in the various orbits around the 
nucleus, while the electrons and the proton of 
the nucleus have a force of attraction which is 
equal to the centripetal force to keep the electron 
orbiting in the circular orbits.
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Bohr Atomic Model

In 1913, Neils Bohr introduced a quantum concept to 
explain the stability of an atom.
Bohr provided the following new ideas on the basis 
of Planck’s quantum theory called the postulates of 
Bohr’s theory, which are as given below:

(i) The centripetal force required for an orbiting 
electron is counterbalanced by the electrostatic 
Coulombian force of attraction between the 
nucleus and the electron.

(ii) The electrons in an atom revolve only in a 
certain definite orbit in which energy is fixed 
and quantized. This orbit is stationary and in any 
such orbit electron doesn’t radiate any energy 
although it is accelerated.

(iii) Electrons of greater radii possess greater energy 
and vice-versa. But if any electron jumps from 
any higher orbit to any lower one then a quantum 
of energy appears to be radiated, while when an 
electron moves from a lower orbit to a higher orbit 
a quantum of energy appears to be absorbed.

Atomic and Molecular Masses

• In 1961, the International Union of Chemists 
selected a new unit of expressing the atomic 
masses. They accepted the stable isotope of 
carbon (C-12) with mass number 12 as the 
standard for comparing the atomic and molecular 
masses of elements and compounds. This scale 
is known as mass spectrometer. The atomic 
mass can be determined by this instrument by 
comparing the mass of an atom with the mass of 
a particular atom chosen as standard.

• This scale of relative masses of atoms is called 
atomic mass unit scale and is abbreviated as 
a.m.u. Hence, one atomic mass unit is defined as 
the quantity of mass equal to 1/12th of the mass 
of an atom of carbon (C-12).

• Thus, the atomic mass of an element is defined 
as the average relative mass of an atom of an 
element as compared to the mass of an atom of 
carbon (C-12) taken as 12.

• In other words, atomic mass is a number which 
expresses as to how many times an atom of the 
element is heavier than 1/12th of the mass of 
carbon atom (C-12).

12

Mass of an atom
Atomic mass = 

1
 mass of a carbon atom (C )

12

and 1 amu = 1.66056 × 10–24g

Mole Concept
• A mole is a collection of 6.022 × 1023 particles. 

The number 6.022 × 1023 is called Avogadro 
Number and is symbolised as letter “N”. In 
other words, a mole is an Avogadro number of 
particles. 

• For example:
 n 1 mole of hydrogen atoms = 6.022 × 1023 

hydrogen atoms.
 n 1 mole of hydrogen molecules = 6.022 × 1023 

hydrogen molecules.
 n 1 mole of sodium ions = 6.022 × 1023 sodium 

ions.
 n 1 mole of electrons = 6.022 × 1023 electrons.
 n Thus, a mole is defined as the amount of 

substance that contains the same number 
of entities (atoms, molecules, ions or other 
particles) as the number of atoms present in 
12 g (or 0.012 kg) of carbon-12 isotope.

Mole in terms of Volume

• Mole is also related to the volume of the 
gaseous substance. The volume of one mole 
of any substance is called its molar volume. 
The molar volume of solids and liquids can be 
easily calculated if the molar mass and density 
at any given temperature and pressure are 
given, because these do not change much with 
temperature and pressure. However, the molar 
volumes of gases change considerably with 
temperature and pressure.

• It has been observed that one mole of an ideal 
gas (i.e., 6.022 x 1023 molecules) occupies 22.4 
litres at normal temperature and pressure (N.T.P. 
i.e. 0°C and 1 atm pressure).

 For example,

 1 mole of hydrogen gas at N.T.P. = 22.4 litres

 1 mole of CO2 gas at N.T.P. = 22.4 litres
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Do You Know?

In, 1932, James Chadwick bombarded a thin 
sheet of beryllium element with alpha particles and 
observed highly penetrating rays which consist of 
streams of neutral particles. The neutral particles 
were each found to have a mass of 1.675 × 10–27 
kg which is nearly the same as that of hydrogen 
atom and have no charge. These were named 
neutrons.

4
9

2
4

6
12

0
1Be H C + n

particle Neutron
+ →

−α

Thus, a neutron is a sub-atomic particle having 
mass (1.675 × 10–27 kg) equal to that of hydrogen 
atom and carrying no electrical charge.

Isotopes, Isobars and Isotones

Isotopes

• Isotopes are atoms of the same element which 

have the same atomic number but different mass 

number.

• Since, the atomic number of different isotopes of 

the same element is the same, it means that they 

have the same number of electrons and protons. 

The difference in their mass numbers is due to 

the different number of neutrons present in their 

nuclei.

 Example:
 n Hydrogen which is most abundant (99.985%) 

contains only one proton. It is also called 

protium ( )1
1H . Rest of the hydrogen contains 

two isotopes, one containing 1 proton and 1 

neutron called deuterium ( )2 2
1 1 or , 0.015%D H  

and the other possessing 1 proton and 2 

neutrons called tritium ( )3 3
1 1 or H T . Tritium 

is found only in trace amounts on the earth. 

These have the same atomic number, i.e. 1, 
but different mass numbers like 1, 2 and 3. 
These three isotopes are commonly known 
as hydrogen, deuterium and tritium as given 
below:

Hydrogen (H) 
(one proton only)

Z = 1, A = 1

Deuterium (D) Z = 1, A = 2
(one proton and one neutron)

Tritium (T) Z = 1, A = 3
(one proton and two 
neutrons)

Isobars

• Atoms of different elements having the same 
mass number but different atomic numbers are 
called isobars. Since isobars have same mass 
number, the sum of protons and neutrons in the 
nucleus of each atom is the same. These atoms 
differ in their atomic number and, therefore have 
different number of protons (or electrons) and 
also different number of neutrons. 

• Isobars are atoms of different elements and 
hence they have different properties.

Isotones
Atoms having the same number of neutrons but 
different mass numbers are called isotones.

Atomic Number

• The number of protons or electrons of an atom 
of the element is called the atomic number of 
the element. It is represented by Z. The atomic 
number of any element is its basic characteristic.

• The hydrogen atom has one proton and one 
electron; that’s why it is said to have atomic 
number 1. Similarly, nitrogen has seven protons 
and seven electrons, and thus its atomic number 
is 7.

Mass Number

• In every atom there is a small central massive 
part called nucleus, where almost all the mass of 
the atom is assumed to be concentrated.

• The nucleus of the atom consists of protons and 
neutrons, which are collectively called nucleons. 
The sum of the number of protons and neutrons 
in the nucleus of an atom of the element is called 
its mass number and it is represented by A.
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Shell or Orbit

• The electrons revolve in the various orbits with 
different and definite energies in the atom and 
these orbits which are the trajectories or paths of 
the electrons are called shells. 

• The innermost orbit or shell has the lowest energy 
and the outermost orbit or shell has the maximum 
energy. The various shells from lower to upper 
are represented symbolically by K, L, M, N, O, P, 
etc.

Subshell or Sub-orbit

• Every shell or orbit has a number of subshells in 
which various orbitals are found and these are 
represented by the various small letters s, p, d 
and f. As in every orbit the number of electrons is 
fixed, similarly in every orbital of various subshell 
the number of electrons is fixed.

• The maximum number of electrons in the orbitals 
s, p, d and f are 2, 6, 10 and 14 respectively.

Orbital
An orbital is the three-dimensional space around 
the nucleus of an atom where there is maximum 
probability of finding an electron.

Electronic Configuration
A comprehensive and proper distribution of various 
electrons in various shells and subshells of any atom 
is called electronic configuration. Examples:
Electronic configuration of Na (11) is 1s2, 2s2 2p6, 3s1

Mg (12) has Electronic configuration of 1s2, 2s2 2p6, 
3s2

Ca (20) has Electronic configuration of 1s2, 2s2 2p6, 
3s2 3p6, 4s2

Valance electron and Core electron
The electron present in the outermost orbit of the 
atom is called valence electron whereas the electron 
present in inner orbit of the atom is called core 
electron.

Aufbau Principle

• Aufbau principle gives the principle of building of 
the atomic structure of elements with electrons. 
According to this principle, the electrons are filled 
in atomic orbitals in the order of their increasing 
energy.

• An electron occupies the orbital of lowest 
energy first. When this orbital is filled up with 
electrons completely, the remaining electrons are 
accommodated in the orbital of the next higher 
energy. The orbital having the highest energy is 
filled at the end.

• According to Aufbau principle, the order of 
energy levels of the various subshells is 1s < 2s 
< 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p < 
6s < 4f < 5d < 6p < 7s < 5f.

Quantum Numbers
Quantum numbers are those numbers through 
which the positions of electrons and their respective 
energies in various shells, subshells or orbitals are 
known.
There are four quantum numbers:
1. Principal Quantum Number
2. Azimuthal Quantum Number
3. Magnetic Quantum Number

4. Spin Quantum Number

1. Principal Quantum Number: This quantum 
number simply indicates the orbit number of 
an electron and its energy is represented by n 
(=1, 2, 3,...), where n is an integer. For n = 1, the 
electron is said to be in the normal state.

2. Azimuthal Quantum Number: This quantum 
number represents the angular momentum of 
the revolving electron and it is indicated by l. For 
principal quantum number n, l has all the values 
from 0 to (n – 1).

 Example :
 If n = 1 then l = 0; If n = 2 then l = 0, 1.

 If n = 3 then l = 0,1, 2; If n = 4 then l = 0,1,2,3, 
etc.

3. Magnetic Quantum Number: This quantum 
number indicates the direction of an orbit in 
space in a magnetic field and it is represented 
by m. The value of m depends on the value of l 
and its values are from – l to + l including zero.

 Examples:
 If l = 0 then m = 0; If l = 1 then m = –1, 0, +1

 If l = 2 then m = – 2, – 1, 0, +1, +2

 If l = 3 then m = – 3, – 2, – 1, 0, +1, +2, +3

 Thus the total number of values of m = 2l + 1.

4. Spin Quantum Number: This quantum number 
represents the spin of the electron. It has been 
observed that electrons have two types of 
spin- clockwise (+ 1/2) and anticlock-wise 
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(– 1/2). In fact, spinning electrons possess spin 
angular momentum that is quantized. Thus 
spin quantum number has two values + 1/2 
and – 1/2 and is represented by s.

Quantum 
Number

Symbol Description

Principal 
Quantum 
Number

n Orbit number and 
the corresponding 
energy of the 
electron.

Azimuthal 
Quantum 
Number

l Angular momentum 
of the revolving 
electron of a 
subshell.

Magnetic 
Quantum 
Number

m Direction of an 
orbital in the space 
of magnetic field.

Spin Quantum 
Number

s Spin of the 
electron.

Pauli’s Exclusion Principle:
Pauli’s Exclusion Principle states that No two 
electrons in an atom can have the same set of four 
quantum numbers and at the maximum a set of three 
quantum numbers for two electrons can be identical 
but the fourth quantum number must be different for 
them.

Radioactivity
• Henry Becquerel discovered the phenomenon of 

radioactivity in 1896 and observed that certain 
invisible rays are emitted from Uranium and its 
salts. In early times these invisible radiations 
were called Becquerel rays. Later Madame Curie 
and Pierre Curie asserted that the emission 
of invisible radiations from Uranium and its 
compounds are totally a nuclear phenomenon 
and this specific characteristic of Uranium and 
its compounds doesn’t depend upon physical 
and chemical parameters.

• All natural elements from atomic number 1 
(Hydrogen) to 83 (Bismuth) are stable because 
their nuclei are stable.

• Elements from atomic number 84 (Polonium) 
onwards have unstable nuclei and these are 
radioactive.

Interesting Fact

• In 1898, Madame Curie and Gerhard Schmidt 
detected that thorium and its compounds 
also exhibit the phenomenon of radioactivity.

• Again, in 1902, Madam Curie and Pierre 
Curie observed a mineral of Uranium called 
Pitch Blende, whose radioactivity is about 
more than four times than that of Uranium. 
Later, the Curies invented Radium from the 
Pitch Blende.

Radioactive Rays and their Properties

• Radioactive elements and their compounds, by 
the process of nuclear spontaneous disintegration 
into smaller fragments, emit invisible radiations 
which are called Becquerel rays. 

• These compose positively charged alpha-rays 
(α-rays), negatively charged beta-rays (β-rays) 
and electrically neutral gamma-rays (γ-rays).

Properties of α-rays

• α-rays are the streams of He++ ions which have a 
mass of	4 a.m.u. and a charge of 2 units.

• They have the maximum power of ionisation 
through	gases.

• The velocity of α-rays is less than that of light and 
it is equal to	1/10 of the velocity of light in vacuum 
(3 × 108 m/s).

• They have the least penetrating power as 
compared to	that of β and γ-ray.

Properties of β-rays

• β-rays are streams of fast-moving electrons.

• Each β-particle is an electron having a mass of 
1836/1	a.m.u. and the charge of -1 unit.

• Its velocity is equal to (33 - 92) % of the velocity 
of light.

• It has more penetrating power than α-rays and 
less	penetrating power than γ-rays.

Properties of γ-rays

• γ-rays are electro-magnetic radiations of high 
energy.

• They are composed of photons (rest mass zero) 
of high	energy.
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• They have the highest penetrating power and	
can pass through 8 cm of thick lead block and 
25 cm of thickened iron sheet.

Half-life period of a radioactive element:
The half-life period of a radioactive element is the 
time during which half of its total number of atoms 
disintegrate. Half-life period of any element = 0.696/l.
Where l is called disintegration constant or decay 
constant.

Characteristics of half-life period:

(i) Every radioactive element has its own constant 
half-life and thus different radioactive elements 
have different half-lives.

(ii) The half-life period of a radioactive element is 
independent of all external conditions such as 
temperature, pressure and mass.

(iii) The smaller the half-life period of a radioactive 
element, the larger its radioactivity, and vice versa.

Radioactive element Half-life periods

92U
236 2.34 × 107 years

90Th232 1.40 × 1010 years

89Ac227 22 years

91Pa231 3.27 × 104 years

88Ra226 1622 years

Interesting Fact

Radioactive substances emit spontaneously 
either α-particles or β-particles and some γ-rays 
but α	and β-particles both are never seen to be 
emitted simultaneously.

Units and Measurement of Radioactivity
There are various units of radioactivity, namely:
Curie: The radioactivity of 1 g of pure radium is 
called curie.
1 curie = 3.7 × 1010 disintegrations/second or 
decays/second.
Rutherford: The amount of a radioactive substance 
which gives 106 disintegration per second.
⇒ 1 Rutherford = 106 disintegration/second
Becquerel (S.I. Unit): It is defined as that amount of 
radioactive substance which gives 1 disintegration 
per second.
⇒ 1 Becquerel = 1 disintegration/second or decay/
second

Note:

The radioactivity of a radioactive substance is 
measured by an instrument called Geiger Muller 
Counter.

Radioactive Dating or Radio Isotope Dating 

• The technique of detecting the amount or 
quantity of any radio isotope in the sample of the 
rock, dead plants or organism in any bio residue 
to estimate and measure its actual or exact age 
is called radioactive or radio isotope dating.

• Naturally occurring radioactive isotopes have 
been very useful in dating (estimating age) of the 
geological events.

• Radio carbon (6C
14) is unstable and decays to 

nitrogen with a half-life period of 5600 years. By 
measuring the ratio of the concentration of 6C

14 
to 6C

12 in any ancient organism like fossils, dead 
trees or plants, one can measure or estimate the 
exact age.

• The ages of non-living ancient geological 
substances like old rocks and earth are 
estimated by the use of uranium or its most 
suitable mineral Pitch Blende, in which Uranium 
and Thorium both are found. This technique is 
called Uranium dating. But for the most ancient 
geological rocks, Potassium- Argon dating 
technique is used.

Applications of Radio-isotopes

• Radio-isotopes are used in the form of tracer in 
medicine. Tumours of unwanted growth of cells in 
human body are detected by the Tracer technique.

• Cancerous cells are destroyed completely by 
the use of radio-isotopes. For example, cobalt-
isotope (27Co60) is today frequently used in 
the therapy of cancer and in destroying brain 
tumours. The element radium (Ra) has been 
used for burning and destroying cancerous cells.

• Radio-isotopes (Radio-sodium) are used to detect 
any residue or unwanted circulatory system.

• Radio-iodine is used to detect any side effect 
appearing inside the thyroid gland.

• Radio-phosphorus is used in curing bone diseases.

• Radio-sodium is used to measure the speed of 
blood flow in the human body.

• Radio-iron is used to detect diseases like 
anaemia, tuberculosis and other malnutrient 
diseases.
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Chemical Reactions and Equations
• A solution of slaked lime produced by the 

reaction is used for white washing walls. Calcium 
hydroxide reacts slowly with the carbon dioxide 
in air to form a thin layer of calcium carbonate on 
the walls. Calcium carbonate is formed after two 
to three days of white washing and gives a shiny 
finish to the walls. It is interesting to note that the 
chemical formula for marble is also CaCO2 .

Reactions in which heat is released along with 
the formation of products are called exothermic 
chemical reactions.
Reactions in which heat is absorbed along with 
the formation of products are called endothermic 
chemical reactions.

Types of reactions:

1. Combination reaction
 The reaction in which two or more reactants 

combine and form a single product is called a 
combination reaction.

 Example:  2Mg + O2 → 2MgO
2. Decomposition reaction
 A reaction in which a simple compound breaks to 

form two or more simpler compounds is called a 
decomposition reaction.

 Example :  2Pb(NO2)3  → 2PbO + 4NO2 + O2

 Decomposition of calcium carbonate to calcium 
oxide and carbon dioxide on heating is an

 important decomposition reaction used in 
various industries. Calcium oxide is called lime 
or quick lime. It has many uses – one is in the 
manufacture of cement. When a decomposition 
reaction is carried out by heating, it is 
called thermal decomposition.

 Decomposition reactions require energy either in 
the form of heat, light or electricity for breaking 
down the reactants. Reactions in which energy is 
absorbed are known as endothermic reactions.

3. Displacement reaction
 The reaction in which a more reactive element 

displaces a less reactive element from its 
compound.

 Example :  Pb + CuCl2 → Pb Cl2 + Cu
4. Double Displacement reaction
 A reaction in which  positive and  

negative ions exchange their places is 
called a double displacement reaction. 
Example :  BaCl2 + Na2SO4 → BaSO4 + 
2NaCl

 Oxidation reaction
 The reaction in which either addition of oxygen 

or removal of hydrogen takes place is called 
oxidation reaction.

 Example:  2Cu + O2 → 2CuO

5. Reduction reaction
 The reaction in which either removal of oxygen 

or addition of hydrogen takes place is called 
oxidation reaction.

 Example:  MgO + H2 → Mg + H2O

Oxidation Reduction

Loss of electron Gain of electron

Addition of oxygen Removal of oxygen

Addition of 
electronegative 
element.

Removal of 
electronegative 
element.

Removal of Hydrogen Addition of hydrogen.

Increase in valency Decrease in valency

6. Redox reaction

 The surface of copper powder becomes coated 

with black copper(II) oxide. Why has this black 

substance formed? This is because oxygen is 

added to copper and copper oxide is formed.

 If hydrogen gas is passed over this heated 

material (CuO), the black coating on the surface 

turns brown as the reverse reaction takes place 

and copper is obtained.

 If a substance gains oxygen during a reaction, it is 

said to be oxidised. If a substance loses oxygen 

during a reaction, it is said to be reduced. During 

this reaction, the copper(II) oxide is losing oxygen 

and is being reduced. The hydrogen is gaining 

oxygen and is being oxidised. In other words, one 

reactant gets oxidized while the other gets reduced 

during a reaction. Such reactions are called 

oxidation-reduction reactions or redox reactions.
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The Effects of Oxdiation Reactions in 
Everyday Life

Corrosion
You must have observed that iron articles are shiny 
when new, but get coated with a reddish brown 
powder when left for some time. This process is 
commonly known as rusting of iron.
Some other metals also get tarnished in this manner. 
Have you noticed the colour of the coating formed 
on copper and silver? When a metal is attacked 
by substances around it such as moisture, acids, 
etc., it is said to corrode and this process is called 
corrosion. The black coating on silver and the green 
coating on copper are other examples of corrosion. 
Corrosion causes damage to car bodies, bridges, 
iron railings, ships and to all objects made of metals, 
especially those of iron. Corrosion of iron is a serious 
problem. Every year an enormous amount of money 
is spent to replace damaged iron.

Rancidity

When food containing fat and oil is left as such for 
a long time, it becomes stale. The stale food often 
develops bad taste and smell. Actually, the oils 
and fats get slowly oxidized to certain bad-smelling 
compounds. This is known as rancidity. It may be 
defined as the slow oxidation of oils and fats present 
in food materials resulting in some bad-smelling 

compounds.

Chemical Bonding
The binding force of the constituent atoms of the 
molecule to maintain a mutual atomic order and a 
definite but specific geometrical shape is called 
chemical bonding.

Types of chemical bonding
There are three types of chemical bonding: 
1. Electrovalent or Ionic bonding
2. Covalent bonding
3. Co-ordinate covalent bonding

Electrovalent Bonding 

• The bond formed as a result of the electron 
transfer from one atom to another is called 
electrovalent or ionic bonding.

• The transfer of electrons takes place in such a 
way that ions obtained after electron transfer 
have a configuration of like that of inert gases.

 Example:
 Na+ + Cl– → NaCl
 2, 8, 1  2, 8, 7  (2, 8) (2, 8, 8)

Here, one electron is donated by sodium and 
accepted by chlorine.

Characteristics of electrovalent compounds

(i) These compounds are generally soluble in water 
because they generally ionise in water, ions 
become heavily hydrated and they disappear 
in the intermolecular spaces of water molecules 
and dissolve.

(ii) In aqueous solution they get ionised as given 
below:

Water +

Water +
2 4 4

   NaCl  Na  + Cl

K SO   2K  + SO

−

− −

→

→

(iii) The fused state of these electrovalent or 
ionic compounds is also a good conductor of 
electricity, because ions become mobile and 
can carry electricity across the fused mass. 
Electrovalent compounds are good electrolytes 
in aqueous solutions and in fused state.

Covalent Bonding

The bond formed as a result of sharing of electrons 

between two atoms in which atoms form the chemical 

bonding in such a way that the molecules form attains 

the permanent electronic structure of the inert gas, is 

called covalent bonding.

Example:

(i) When a pair of electrons is produced by the 

electrons of two hydrogen atoms sharing in a 

hydrogen molecule, a single covalent bond is 

formed.

(ii) When two pairs of electrons are produced by 

the sharing of electrons by two oxygen atoms in 

an oxygen molecule, a double covalent bond is 

formed.
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Characteristics of covalent compounds

(i) Covalent compounds are insoluble in water but 
soluble in organic solvents.

(ii) Covalent compounds in liquefied state or in the form 
of their solution are bad conductors of electricity 
because in these states they don’t produce any 
ions. But covalent compounds like HCl and NH3 
in the form of their aqueous solution conduct 
electricity because of the presence of ions.

Note:

Covalency: The covalency of an atom in an 

covalent compound is number of electrons which 

are supplied by that atom for sharing the electrons 

of the another atom.

Example : In H2(H – H), the covalency of hydrogen 

is 1, in O2(O = O) the covalency of oxygen in 2, in 

CH4 the covalency of carbon is 4.

Co-ordinate Covalent Bonding
In a co-ordinate covalent bond, the pair of electrons 
is obtained from only a single atom. In the bonding, 
the atom which supplies the electron pair is called 
the donor and the atom which receives the pair of 
electrons is called the acceptor. The electron pair 
donated by the donor atom is called single atom pair.

Usually co-ordinate covalent bond is represented by 
an arrow (→). Here a convention is followed in which 
a +ve charge (S+) is shown on the donor atom and a 
-ve charge (S–) on the acceptor atom.

Example:
Ions like carbonate (CO3

–) and ammonium (NH4
+) are 

examples of co-ordinate covalent bond.

Electronic Theory of Valency

• This theory of valency is based on the electronic 
structures of elements and hence it is called 
electronic theory of valency. According to this 
theory, inert gases like Neon (Ne), Argon (Ar), 
Krypton (Kr), Xenon (Xe) and Radon (Rn), except 
Helium (He), do not exhibit valency because they 
contain a set of eight electrons called octet and 
their valency is said to be zero. 

• This makes their electronic structures very stable 
and they do not participate in any chemical 
reaction. 

• Helium (He) contains two electrons in the first 
orbit of its atom. Hence its first orbit becomes 
completely filled and its structure is therefore 
very stable

Hydrogen bond

• A chemical bond formed between an 
electropositive atom and a strongly 
electronegative atom like nitrogen or oxygen is 
called hydrogen bond.

• There bonds are usually found in inorganic 
molecules like water as well as in organic 
molecules like methylamine (CH3NH2) and DNA.

Catalysis
The substances which alter the rate of chemical 
reactions and remain isolated chemically during 
the reaction are called catalysts and the process is 
called catalysis. A Swedish Chemist Berzelius firstly 
observed the process of catalysis in 1835.

Actually, a catalyst changes the original reaction path 
with a different activation energy so that more and 
more reactant molecules can form the product and 
the rate of chemical reaction be directly affected.

The effect of catalyst on activation energy has been 
displayed in the figure.

In fact a catalyst catalyses the spontaneous reaction 
but doesn’t catalyse non-spontaneous reaction. The 
catalyst doesn’t change the equilibrium constant of 
the reaction, rather it helps in attaining the equilibrium 
faster. It catalyses the forward as well as backward 
reactions to the same extent so that the equilibrium 
state remains the same but is brought (reached) 
earlier.
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Types of Catalysis

There are two types of catalysis:
1. Homogeneous catalysis : When the reactants 

and catalyst are found to be in same phase (liquid 
or gas), the process is said to be homogeneous 
catalysis. The example of homogeneous   
catalysis may be displayed as the following:

 
NO (gas)

2 2 32SO (g) + O (g)  2SO (g)→

 Obviously the reactants sulphur dioxide and 
oxygen and the catalyst nitric oxide all are in 
gaseous state (same phase), so it will be an 
example of homogeneous catalysis.

2. Heterogeneous catalysis : In this type of 
catalysis, the reactants and the catalyst both 
are found in different phases. The example of a 
heterogeneous catalysis can be displayed as the 
following:

Pt (s)
2 2 32SO (g) + O (g)  2SO (g)→

 Obviously this will be an example of 
heterogeneous catalysis because reactants are 
in the gaseous state, while the catalyst platinum 
is in the solid state.

Types of Catalyst

The catalysts are generally of four types:

1. Positive catalyst: It increases the rate of 
chemical reaction by decreasing the activation 
energy.

(b) Negative catalyst: It decreases the rate of 
chemical reaction by increasing activation 
energy.

(c) Auto catalyst: The product of one chemical 
reaction acts as catalyst.

(d) Induced catalyst : The product of one chemical 
reaction acts as catalyst for another reaction.

Uses of Catalyst
As catalyst plays significant role in various chemical 
reactions, so the uses of catalysts can be tabulated 
as below:

Catalyst Uses

Nickel 
(Raneynickel)

In the hydrogenation of large 
number of functional groups.

Platinised 
asbestos

In the manufacture of nitric add 
by Ostwald's process.

Catalyst Uses

Finely divided 
iron

In the production of ammonia 
by Haber's process.

Iron In the production of hydrocarbs 
by Fischer-Tropsch process

Oxides of 
nitrogen

In the production of sulphuric 
acid by Lead Chamber's 
process.

Pt-Rh gauze In the production of nitric acid 
from the oxidation of ammonia.

Cupric chloride In the production of chlorine by 
Deacon's process.

Hot alumina In the production of ether from 
alcohol.

Electrolysis
The process of decomposition or dissociation by 
passing electric current through liquified state of 
the substance (compound) or through its aqueous 
solution is called electrolysis.

Applications of Electrolysis

(i) In electroplating: To give a low-quality metal 
long life and to make it attractive, a thin layer of 
good-quality metal is laminated on a low-quality 
metal by the process of electrolysis. This is called 
electroplating.

(ii) In electrotyping: The blocks, graphics etc. in the 
printing industry are composed by the process of 
electrolysis. This is called electrotyping.

(iii) In electro-refining of metals: Metals like copper, 
silver, gold etc. are obtained in the pure form by 
the process of electrolysis. This is called electro-
refining of metals.

(iv) In electro-metallurgy: There are certain metals 
like sodium, potassium, aluminium, calcium, 
magnesium etc. that are extracted from their 
respective compounds by the process of 
electrolysis. This is called electrometallurgy.

(v) In the evaluation of equivalent weight of metals.
(vi) In the manufacturing of chemical compounds: 

By the process of electrolysis, various types of 
drugs, organic and inorganic compounds are 
manufactured.

 Examples: Caustic soda, hydrogen peroxide, 
chloroform, ethane, acetylene etc. are produced 
by the above process.
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