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1

Basic Concepts

Introduction

Everybody is familiar with the functions that electricity can perform. It can be used for lighting,
heating, traction and countless other purposes. The question always arises, “What is electricity” ?
Several theories about electricity were developed through experiments and by observation of its
behaviour. The only theory that has survived over the years to explain the nature of electricity is the
Modern Electron theory of matter. This theory has been the result of research work conducted by
scientists like Sir William Crooks, J.J. Thomson, Robert A. Millikan, Sir Earnest Rutherford and
Neils Bohr. In this chapter, we shall deal with some basic concepts concerning electricity.

1.1. Nature of Electricity

We know that matter is electrical in nature i.e. it contains particles of electricity viz. protons and
electrons. The positive charge on a proton is equal to the negative charge on an electron. Whether
a given body exhibits electricity (i.e. charge) or not depends upon the relative number of these par-
ticles of electricity.

() If the number of protons is equal to the number of electrons in a body, the resultant charge

is zero and the body will be electrically neutral. Thus, the paper of this book is electrically neutral
(i.e. paper exhibits no charge) because it has the same number of protons and electrons.

(@) If from a neutral body, some *electrons are removed, there occurs a deficit of electrons in
the body. Consequently, the body attains a positive charge.

(iii) If a neutral body is supplied with electrons, there occurs an excess of electrons. Conse-
quently, the body attains a negative charge.

1.2. Unit of Charge

The charge on an electron is so small that it is not convenient to select it as the unit of charge. In
practice, coulomb is used as the unit of charge i.e. SI unit of charge is coulomb abbreviated as C. One
coulomb of charge is equal to the charge on 625 %X | 0'% electrons, i.e.

1 coulomb = Charge on 625 % 10'® electrons

Thus when we say that a body has a positive charge of one coulomb (i.e. +1 C), it means that the body

has a deficit of 625 x 10'° electrons from normal due share. The charge on one electron is given by ;

Charge on electron = L 1.6x107"C

625x10'¢
1.3. The Electron
Since electrical engineering generally deals with tiny particles called electrons, these small
particles require detailed study. We know that an electron is a negatively charged particle having
negligible mass. Some of the important properties of an electron are :
(7) Charge on an electron, e = 1.602 x 10" coulomb
9.0 x 10! kg

(iii) Radius of an electron, » = 1.9 x 10715 metre

(if) Mass of an electron, m

* Electrons have very small mass and, therefore, are much more mobile than protons. On the other hand,
protons are powerfully held in the nucleus and cannot be removed or detached.
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The ratio e/m of an electron is 1.77 x 10'" coulombs/kg. This means that mass of an electron is
very small as compared to its charge. It is due to this property of an electron that it is very mobile
and is greatly influenced by electric or magnetic fields.

1.4. Energy of an Electron

An electron moving around the nucleus possesses two types of energies viz. kinetic energy due
to its motion and potential energy due to the charge on the nucleus. The total energy of the electron
is the sum of these two energies. The energy of an electron increases as its distance from the nucleus
increases. Thus, an electron in the second orbit possesses more energy than the electron in the first
orbit ; electron in the third orbit has higher energy than in the second orbit. It is clear that electrons
in the last orbit possess very high energy as compared to the electrons in the inner orbits. These last
orbit electrons play an important role in determining the physical, chemical and electrical properties
of a material.

1.5. Valence Electrons
The electrons in the outermost orbit of an atom are known as valence electrons.

The outermost orbit can have a maximum of 8 electrons i.e. the maximum number of valence
electrons can be 8. The valence electrons determine the physical and chemical properties of a mate-
rial. These electrons determine whether or not the material is chemically active; metal or non-metal
or, a gas or solid. These electrons also determine the electrical properties of a material.

On the basis of electrical conductivity, materials are generally classified into conductors, insu-
lators and semi-conductors. As a rough rule, one can determine the electrical behaviour of a mate-
rial from the number of valence electrons as under :

(i) When the number of valence electrons of an atom is less than 4 (i.e. half of the maximum
eight electrons), the material is usually a metal and a conductor. Examples are sodium, magnesium
and aluminium which have 1, 2 and 3 valence electrons respectively.

(ii) When the number of valence electrons of an atom is more than 4, the material is usually a
non-metal and an insulator. Examples are nitrogen, sulphur and neon which have 5, 6 and 8 valence
electrons respectively.

(iii) When the number of valence electrons of an atom is 4 (i.e. exactly one-half of the maximum
8 electrons), the material has both metal and non-metal properties and is usually a semi-conductor.
Examples are carbon, silicon and germanium.

1.6. Free Electrons

We know that electrons move around the nucleus of an atom in different orbits. The electrons
in the inner orbits (7.e., orbits close to the nucleus) are tightly bound to the nucleus. As we move
away from the nucleus, this binding goes on decreasing so that electrons in the last orbit (called
valence electrons) are quite loosely bound to the nucleus. In certain substances, especially metals
(e.g. copper, aluminium etc.), the valence electrons are so weakly attached to their nuclei that they
can be easily removed or detached. Such electrons are called free electrons.

Those valence electrons which are very loosely attached to the nucleus of an atom are called

free electrons.

The free electrons move at random from one atom to another in the material. Infact, they are so
loosely attached that they do not know the atom to which they belong. It may be noted here that all
valence electrons in a metal are not free electrons. It has been found that one atom of a metal can
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provide at the most one free electron. Since a small piece of metal has billions of atoms, one can
expect a very large number of free electrons in metals. For instance, one cubic centimetre of copper
has about 8.5 x 10* free electrons at room temperature.

() A substance which has a large number of free electrons at room temperature is called a
conductor of electricity e.g. all metals. If a voltage source (e.g. a cell) is applied across the wire of
a conductor material, free electrons readily flow through the wire, thus constituting electric current.
The best conductors are silver, copper and gold in that order. Since copper is the least expensive out
of these materials, it is widely used in electrical and electronic industries.

(i) A substance which has very few free electrons is called an insulator of electricity. If a
voltage source is applied across the wire of insulator material, practically no current flows through
the wire. Most substances including plastics, ceramics, rubber, paper and most liquids and gases
fall in this category. Of course, there are many practical uses for insulators in the electrical and
electronic industries including wire coatings, safety enclosures and power-line insulators.

(i#ii) There is a third class of substances, called semi-conductors. As their name implies, they
are neither conductors nor insulators. These substances have crystalline structure and contain very
few free electrons at room temperature. Therefore, at room temperature, a semiconductor practically
behaves as an insulator. However, if suitable controlled impurity is imparted to a semi-conductor,
it is possible to provide controlled conductivity. Most common semi-conductors are silicon, germa-
nium, carbon etc. However, silicon is the principal material and is widely used in the manufacture
of electronic devices (e.g. crystal diodes, transistors etc.) and integrated circuits.

1.7. Electric Current

The directed flow of free electrons (or charge) is called electric current. The flow of electric
current can be beautifully explained by referring to Fig. 1.1. The copper strip has a large number
of free electrons. When electric pressure or voltage is applied, then free electrons, being negatively
charged, will start moving towards the positive terminal around the circuit as shown in Fig. 1.1. This
directed flow of electrons is called electric current.

Copper strip
*——> *—> —> —»>p
—> o —>r o—>r o—>
/
Free electrons I
Conventional current I
- — |+ _J
<+ ! | <+ <o
Fig. 1.1

The reader may note the following points :

(i) Current is flow of electrons and electrons are the constituents of matter. Therefore, electric
current is matter (i.e. free electrons) in motion.

(#)) The actual direction of current (i.e. flow of electrons) is from negative terminal to the
positive terminal through that part of the circuit external to the cell. However, prior to Electron
theory, it was assumed that current flowed from positive terminal to the negative terminal of the cell
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via the circuit. This convention is so firmly established that it is still in use. This assumed direction
of current is now called conventional current.

Unit of Current. The strength of electric current / is the rate of flow of electrons i.e. charge
flowing per second. 0

Current, [ = 7

The charge QO is measured in coulombs and time ¢ in seconds. Therefore, the unit of electric
current will be coulombs/sec or ampere. 1f Q =1 coulomb, ¢ =1 sec, then /= 1/1 = 1 ampere.

One ampere of current is said to flow through a wire if at any cross-section one coulomb of
charge flows in one second.

Thus, if 5 amperes current is flowing through a wire, it means that 5 coulombs per second flow
past any cross-section of the wire.

Note. 1 C = charge on 625 x 10'® electrons. Thus when we say that current through a wire is 1 A, it means
that 625 x 10'° electrons per second flow past any cross-section of the wire.

= %= % where e =— 1.6 x 10"° C; n = number of electrons

1.8. Electric Current is a Scalar Quantity
(7)) Electric current, I = ~

As both charge and time are scalars, electric current is a A
scalar quantity. 3A

(#i) We show electric current in a wire by an arrow to

indicate the direction of flow of positive charge. But such ¢ 7=A

arrows are not vectors because they do not obey the laws of O

vector algebra. This point can be explained by referring to 4A

Fig. 1.2. The wires OA and OB carry currents of 3 A and 4 A B
respectively. The total current in the wire CO is 3 +4 =7 A ir- Fig. 1.2

respective of the angle between the wires OA and OB. This is
not surprising because the charge is conserved so that the magnitudes of currents in wires O4 and
OB must add to give the magnitude of current in the wire CO.

1.9. Types of Electric Current
The electric current may be classified into three main classes: (i) steady current (if) varying
current and (iif) alternating current.
(i) Steady current. When the magnitude of current does not change with time, it is called
a steady current. Fig. 1.3 (i) shows the graph between steady current and time. Note that value of
current remains the same as the time changes. The current provided by a battery is almost a steady
current (d.c.).

P —
—_—p —
—_— —

T/2
| 34 T
0 — >t 0 —>t of T4 [

(i) (if) (i) — >t
Fig. 1.3



K2 €3 Login | Register E@

kitab

Same textbooks, kleck away

PRODUCT NOT FOUND!

Product not found!

School Books

Oswaal Books

Class 9th Books
Class 10th Books
Class 11th Books
Class 12th Books

Engineering Books

RGPV Books & Notes

VTU Books & Notes

Free Engineering Books
Information Technology Books
Electrical Engineering Books

Competitive Exams
Bank PO Exam


javascript:void(0)
http://www.kopykitab.com/index.php?route=account/login
http://www.kopykitab.com/index.php?route=account/register
http://www.kopykitab.com/download-kopykitab-ebook-reader
http://www.kopykitab.com/
http://www.kopykitab.com/higher-education-ebooks
http://www.kopykitab.com/Professional-Courses
http://www.kopykitab.com/Competitive-Exams-eBooks
http://www.kopykitab.com/School-Education-eBooks
http://www.kopykitab.com/free-ebooks-download
/index.php?route=product/category/byParams&product_type[]=test_preparation&product_type[]=mock_test
http://www.kopykitab.com/blog
http://www.kopykitab.com/
http://www.kopykitab.com/Oswaal-Books
http://www.kopykitab.com/School-Education-eBooks/eBooks-for-Class-9th
http://www.kopykitab.com/School-Education-eBooks/eBooks-for-Class-10th
http://www.kopykitab.com/School-Education-eBooks/eBooks-for-Class-11th
http://www.kopykitab.com/School-Education-eBooks/eBooks-for-Class-12th
http://www.kopykitab.com/index.php?route=product/search&filter_name=rgpv&filter_description=true
http://www.kopykitab.com/index.php?route=product/search&filter_name=vtu&filter_description=true
http://www.kopykitab.com/engineering-ebooks-free-download
http://www.kopykitab.com/engineering-eBooks/Information-Technology-eBooks
http://www.kopykitab.com/engineering-eBooks/electrical-engineering-ebooks
http://www.kopykitab.com/eBooks-For-Bank-PO

Gate Books

Teaching Exams Books
AIEEE-NIT -JEE MAINS Books
UPSC Books

Professional Courses

ICSIBooks & Study Materials
Chartered Accountant Books
Company Secretary Books
ICSI7 days Trial

Latest Scanners

About KopyKitab.com

Kopykitab is India's largest Digital platform with Multiple publishers. Kopykitab has the largest collection of
eBooks & branded digital content in Higher Education, School (K12), Professional & Competitive Exams. We
have a strong foundation of leading publishers & tutorials as content partners.

We offer eBook, Test Preparation, Notes, Videos & LMS for a variety of curriculum to Students, Professionals &
Institutes. Our goal is to make education affordable & accessible.
A user can access the contentin all electronic devices e.g. Mobile, PC & Tabs

Information Links My Account

About Us ICSl eLibrary Refer & Earn
FAQ KopyKitab eBook Reader My Account
Privacy Policy Contact Us Order History
Terms & Conditions Site Map Wish List
Payment Information Newsletter
My Library
Office 365 Email Login

Google Login

Verified By - VISA

©2017 DigiBook Technologies (P) Ltd, All Rights Reserved. An ISO 9001:2008 Certified Company



http://www.kopykitab.com/eBooks-For-GATE
http://www.kopykitab.com/eBooks-for-teaching-exams
http://www.kopykitab.com/Competitive-Exams-eBooks/eBooks-For-AIEEE-NIT-JEE-MAINS
http://www.kopykitab.com/Competitive-Exams-eBooks/eBooks-For-UPSC
http://icsi.kopykitab.com/content/
http://www.kopykitab.com/Chartered-Accountant
http://www.kopykitab.com/Company-Secretary
http://icsi.kopykitab.com/#free-trial
http://www.kopykitab.com/Shuchita-Prakashan-solved-scanners-cs-ca-books-ebooks-publishers
http://www.kopykitab.com/about_us
http://www.kopykitab.com/KopyKitab-FAQ
http://www.kopykitab.com/Kopykitab-Privacy-Policy
http://www.kopykitab.com/Terms-and-Conditions
http://www.kopykitab.com/payment-information
http://icsi.kopykitab.com/
https://play.google.com/store/apps/details?id=com.kopykitab.ereader
http://www.kopykitab.com/index.php?route=information/contact
http://www.kopykitab.com/index.php?route=information/sitemap
/index.php?route=account/referral
http://www.kopykitab.com/index.php?route=account/account
http://www.kopykitab.com/index.php?route=account/order
http://www.kopykitab.com/index.php?route=account/wishlist
http://www.kopykitab.com/index.php?route=account/newsletter
index.php?route=/account/profile
https://login.microsoftonline.com/common/oauth2/v2.0/authorize?client_id=c10b242b-fb71-4e65-901c-94d505ff6ca7&redirect_uri=https%3A%2F%2Fwww.kopykitab.com%2Fmicrosoftonline&response_type=code&scope=openid+email+profile+https%3A%2F%2Foutlook.office.com%2Fmail.read
https://accounts.google.com/o/oauth2/v2/auth?client_id=1034096850870-11b3ebbb69vs8p5avn49ec14f677thbq.apps.googleusercontent.com&redirect_uri=https%3A%2F%2Fwww.kopykitab.com%2Fgoogle_oauth&response_type=code&scope=openid+email+profile+https%3A%2F%2Fwww.googleapis.com%2Fauth%2Fandroidpublisher

	PRODUCT NOT FOUND!
	About KopyKitab.com
	Information
	Links
	My Account


