
1.1 INTRODUCTION

The field of electrical engineering began over 100 years ago and has been expanding into new fields
ever since. Electrical engineering can be classified into two broad areas:

Energy: The transfer of energy from one point to another. This could be over large distances
from a hydro-power dam to power users, or it could be from a central transformer to a manufacturing
plant. All related activities like conversion, transfer and utilisation.

Information: The transfer of information from one point to another. Both the message sent
and the devices used to transfer the information are part of this field. The information could be sound,
data or images. This transfer of information could take place through satellites, televisions, computer
systems, telephone networks, portable radios or sound systems.

Due to the development of sensing and control of parameters of a process industry, we may
add,

Instrumentation: The design, construction and maintenance of instruments and entire
instrumentation systems of an industrial process for ensuring better quality and efficiency of the end
product.

1.2 ELECTRICAL ENGINEERING

Way back in 1700s, Benjamin Franklin, Luigi Galvani, and Alessandro Volta were the first electrical
engineers, experimented with kites, zinc, and salt water in order to understand a force that they could
not see. They paved the way for further discoveries in the 1800s by Ohm, Faraday, and Ampere,
who discovered the basic electrical properties of current, potential, resistance, and charge.

Once these properties were established, people began manipulating them in order to communicate.
Morse and Wheatstone were the primary pioneers of electrical communication. Soon, communication
was possible from coast to coast and even across oceans. Before long, Alexander Graham Bell and
the telephone changed the way people communicated forever, while Edison’s electric light bulb was
lighting up cities.

INTRODUCTION TO CIRCUIT ANALYSIS



   ELECTRIC CIRCUIT ANALYSIS2

Depending on the application areas, the generic term electrical engineering has been classified
as follows:

� Electrical and Electronics Engineering dealing with the problems associated with large-
scale electrical systems such as power transmission and motor control.

� Electronics and Communication Engineering dealing with the study of small-size electronic
systems including computers and integrated circuits for communication applications and

� Electronics and Instrumentation Engineering dealing with the design, installation, and
maintenance of measuring instruments and entire instrumentation system required for a
process industry.

Some of the activities of an electrical engineer are as follows:
� To plan and to commission the equipments for major power projects of generation. This

includes the process of design, development, testing and manufacturing of these devices;
� To plan and to supervise the electrical distribution network between a remote electrical

generating station and the end-users separated by hundreds of kilometres;
� To design and to implement a fibre-optic transmission module for a high-speed telephone

network;
� To develop and program a computer control system for an automated production line.
The field of electrical engineering is one that is continually expanding. As today’s society becomes

more and more technologically oriented, electrical engineers will increasingly be required to provide
the energy and information systems which are demanded.

Electrical engineering graduates significantly contribute to the development of the world economy
not only in the individual fields of electrical engineering, but also together with computer science
(software tools), mechanical engineering (mechatronics, renewable energy systems) and natural
sciences (new semiconductor materials, new energy storage technologies). Due to the development
of systems engineering, many different special fields are merging more and more and will be strongly
influenced by software engineering and the technique of embedded controllers. This forces the
institutions of higher learning to introduce a new paradigm in the education of electrical engineering
and informatics, where the following tendencies are focussed:

� Engineers are prepared in their basic study for life long learning which is based on a broad
and deep basic knowledge of mathematics, electrical engineering, systems theory, computer
science and engineering fundamentals. The content of this knowledge are made comparable
in different national education systems to make sure that all engineers speak the same
technical language.

� Due to the fast developing technologies the specialization in the main study are not to be
too narrow. These specializations are used as indicators to show the students, the scientific
and engineering approach to typical tasks they will be responsible for in their later environment.

The process of changing the education process to the fast developing requirements of the
information age is under way worldwide and it is a matter of the universities and also a matter of
political attention by the governments and engineering associations outside. Both efforts are strongly
connected with the terms evaluation and accreditation.

A successful electrical engineer possesses not only an understanding of his or her area of
concentration, but also a broad grasp of engineering in general. This is why most degree programs
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offering electrical engineering begin with the fundamentals of engineering itself. Once the student
has mastered these fundamentals, they can start to focus on a specialty. Electrical engineering students
learn through a combination of design and laboratory work. This mix of theoretical and practical
application allows students to think and then apply their ideas in a variety of real life situations. Students
also learn to diagnose problems and develop a variety of solutions for specific requirements. Contrary
to popular belief, electrical engineers don’t just sit in their workplace meddling with their latest invention
alone; they often work in groups, so a great deal of teamwork is required from them.

A degree in electrical engineering can allow one to pursue a job in almost any industry one
can think of. After all, nearly everyone uses electricity and electrical devices, so industries demand
skilled professionals to build, repair, and improve these devices.

The electrical engineers are engaged in the areas such as:
� Scientific research and development firms
� Electrical component manufacturing companies.
� Power generation, distribution, and transmission.
� Manufacturers of navigation controls, medical equipment, and measurement devices.
� Architectural firms.
Although these industries employ the most engineers, they may not be suitable for everyone.

Electrical engineering students have many options, more than enough for any student to find a job in
a field they love.

The following job titles represent only a handful of the choices available:

Research Engineer

These engineers work in the laboratory, testing and inventing. This job requires a high level of creativity
on the part of the engineer, as well as a great deal of patience. Whether inventing a new optoelectronic
device or simply designing a better electric motor, research engineers are responsible for the discovery
stage technology behind any new product.

Design Engineer

Once a new technology is invented, it must be applied. The design engineer uses computer simulations
and models in order to turn innovations like wireless technology into plans for the tiny parts that
make up an actual cell phone. Design engineers must visualize how the insides of a future product
could look, while inventing several possible scenarios for the applications of new technologies.

Project Engineer

The project engineer oversees many specialist engineers through the construction of a working
prototype of a new product or technology. The project engineer must have natural leadership ability,
as well as a high proficiency in a variety of electrical engineering disciplines.

Test Engineer

These engineers design programs to test the functions of various components and to troubleshoot
them when things go wrong. These engineers keep technology working properly, and understand
which elements to test and in what order.
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System Engineer

Power grids, phone lines and wireless networks, all require the skills of a system engineer for proper
installation and maintenance. High attention to detail is important for students who enter this profession.
Experienced system engineers rely on their ability to think holistically about the systems they create.

Application Engineer

Application engineers work with whatever resources are available, adapting existing equipment and
technologies to fill the needs of their employers. They need to be resourceful and cost-effective,
while counting on their keen understanding of the capabilities and the potential modifications of existing
equipment.

These are just a sample of the everyday items people take them for granted that were made
responsible by electrical engineers. Though electrical engineering has come very far in the last 300
years, it still has a great deal of potential for further growth.

Certification and Licensure

Though the law does not require engineers to maintain a license, professional certification does make
looking for a job much easier. Because governments and federal contractors require a license, most
engineers follow the licensing procedures in their countries. Students can learn about each country’s
varying requirements while enrolled in their degree programs.

1.3 ELECTRIC CIRCUIT ANALYSIS

Electric circuit analysis is an introductory course for all branches of engineering and especially for
electrical, communication and instrumentation engineers. In electric circuit analysis, one learns about
the basics of electrical circuit elements and how to connect them in circuits. The solution techniques
to solve them. During this process, learn several basic mathematical techniques that will be useful to
solve ordinary linear differential equations.  These equations appear throughout the curriculum of
both undergraduate and graduate programs. Hence, there is a need to pay special attention to this
circuit analysis.  It will pay big dividends in the future—whether or not you are using circuits.

An electrical network is an interconnection of electrical elements such as resistors, inductors,
capacitors, transmission lines, voltage sources, current sources, and switches.

An electrical circuit is a network that has a closed loop, giving a return path for the current. A
network is a connection of two or more components, and may not necessarily be a circuit.

Electrical networks that consist only of sources (voltage or current), linear lumped elements
(resistors, capacitors, inductors), and linear distributed elements (transmission lines) can be analyzed
by algebraic and transform methods to determine DC response, AC response, and transient response.

A network that also contains active electronic components is known as an electronic circuit or
active network. Such networks are generally nonlinear and require more complex design and analysis
tools.

The analysis of electrical circuits is based basically on the following three experimental laws:
Ohm’s Law determines the relationship between voltage and current;
Kirchhoff’s Current Law specifies the law of conservation of energy. i.e., at any junction, the

sum of currents is equal to zero; and
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Kirchhoff’s Voltage Law specifies the loop property. i.e., at any loop or mesh, the net voltage
is equal to zero.

1.4 UNITS AND CONSTANTS

A physical quantity is measured and expressed in terms of a standard quantity, a unit. Length for
example is a physical quantity and is expressed in terms of a standard quantity viz. metre. In the past
to measure length, mass and time, foot, pound and second respectively were used as base units.
They are known as FPS system units of British Standard. The base units are conventionally regarded
as dimensionally independent units. Other physical quantities are expressed in terms of derived units
which are obtained in terms of these base units. We also had French Standard, the CGS system of
units wherein centimetre, gram and second are the base units. In the field of electricity and magnetism,
electrostatic units (esu) and electromagnetic units (emu) were used.

The practical units of measurement were related to the absolute units in a complicated way. In
order to overcome this difficulty, metre, kilogram, second (MKS) system of units were envisaged
which was acceptable to scientists and engineers. Later ampere (A) was added as a fourth unit to
become MKSA system of units. Then these four base units are rationalised to become a coherent
system of units.

SI Units
In 1960, the international system of units, known as SI units (for System International D’ Unites’)
has been adopted by the scientists and engineers as the universal language of measurement. The SI
units have seven base units which are listed in Table 1.1. The derived units are the products of quotients
of two or more base units. Two supplementary units are the radian (rad) and steradian (sr) for plane
and solid angle respectively; both these quantities are dimensionless. Some derived units mentioned
in Table 1.2 are given special names, generally names of famous scientists.

Table 1.1 Base SI Units

Quantity Unit Symbol

1. Length metre m

2. Mass kilogram kg

3. Time second s

4. Electric current ampere A

5. Temperature kelvin K

6. Luminous intensity candela cd

7. Amount of substance mole mol
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Table 1.2 Some Derived SI Units

Quantity Unit Symbol Relationship

1. Force newton N 1 N = 1 kgm/s2

2. Energy, work joule J 1 J =  1 Nm

3. Power watt W 1W = 1 J/s

4. Pressure pascal Pa 1 Pa = 1 N/m2

5. Frequency hertz Hz 1 Hz = 1 s–1

6. Electric Charge colomb C 1 C = 1 As

Definitions of Base SI Units
1. The metre (m) is the length equal to 1,659,767.73 wave lengths of the orange line in the

spectrum of an internationally specified Krypton discharge lamp.

2. The kilogram (kg) is the mass of a platinum iridium cylinder preserved at the International
Bureau of Weights and Measure at Sevres near Paris.

3. The second (s) is the interval of time taken by 9,192,631,770 cycles of radian corresponding
to the transition of the Cassesium-133 atom.

4. The ampere (A) is that current which is maintained in two straight infinitely long parallel
conductors of negligible cross section and placed 1m apart in vacuum would produce a
force of 2 × 10–7 N/m between these conductors.

5. The kelvin (K) is 1/273.16 of the thermodynamic temperature of the triple point of water.

6. The candela (cd) is the luminous intensity in the perpendicular direction, of a surface of
1/600,000 m2 of a black body at the temperature of freezing platinum under standard
atmospheric pressure.

7. The mole (mol) is an amount of substance of a system which contains as many elementary
units as there are carbon atoms in 0.012 kg (exactly) of the pure nuclide carbon-12.

Conversion of Electrical Units
Sometimes it is necessary to make conversions of electrical units so that very large or very small
numbers may be avoided. For this reason, decimal multiples and submultiples of the basic units have
been developed by using standard prefixes. These standard prefixes are shown in Table 1.3 As an
example, we may express 1000 V as 1 kV and 0.001A as 1 mA.
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Table 1.3 Standard Prefixes

Table of Constants and Conversion Factors for SI Units

Constants

Permeability of free space �o = 4 � × 10–7 H/m
Permittivity (capacitivity) of free space �o = 8.854 × 10–12 F/m
Acceleration of gravity g = 9.807 m/s2

Conversion Factors

Length 1 m = 3.281 ft = 39.37 in
Mass 1 kg = 0.0685 slug = 2.205 1b (mass)
Force 1 N = 0.225 1b = 7.23 poundals
Torque 1 Nm = 0.738 1b ft
Power 1 W = 1.341 × 10–3hp
Energy 1 J = 1 Ws = 0.738 ft 1b
Moment of Inertia 1 kg m2 = 0.738 slug ft2 = 23.7 1b ft2

Magnetic Flux 1 Wb = 108 maxwells (lines)
Magnetic flux density 1 T = 1Wb/m2 = 10,000 gauss = 64.5 k lines/in2

Magnetising force 1 At/m = 0.0126 oersted.

Prefix Symbol Factor by which the unit is multiplied 

exa 

peta 

tera 

giga 

mega 

Kilo 

hecto 

deka 

deci 

centi 

milli 

micro 

nano 

pico 

femto 

atto 

E 

P 

T 

G 

M 

k 

h 

da 

d 

c 

m 

µ 

n 

p 

f 

a 

 1 000 000 000 000 000 000  = 1018 

        1 000 000 000 000 000  = 1015  

               1 000 000 000 000  = 1012 

                      1 000 000 000  = 109  

                             1 000 000  = 106       

                                    1 000  = 103  

  100 = 102 

    10 = 101 

   0.1 = 10–1  

 0.01 = 10–2 

                                     0.001 = 10–3   

                              0.000 001 = 10–6  

                      0.000 000 001  = 10–9 

                0.000 000 000 001 = 10–12 

       0.000 000 000 000 001   = 10–15  

 0.000 000 000 000 000  001 = 10–18 
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Symbols not part of SI units

                 Name Symbol Relationship

1. minute (time) m 1 m = 60 s

2. hour h 1 h = 3600 s

3. day d 1 d = 86,400 s

4. degree (angle) ° 1 = (�/180) rad

5. minute (angle) ’ 1’ = (�/10,800) rad

6. second (angle) ” 1” = (�/6,48,000) rad

7. litre L 1 L = 10–3
 m

3

8. metric ton t 1 t = 103 kg

9. acre (land or water area) a 1 a = 225 m2

10. hectare (land of water area) ha 1 ha = 104 m2

Glossary of terms, symbols, units and abbreviations

Symbol Name Units Abbreviation

A Area square meter m2

B Magnetic flux density tesla T

B Susceptance sieman (mho) S

C Capacitance farad F

E Voltage volt V

F Magnetomotive force ampere turns At

G Conductance siemen (mho) S

H Magnetic field intensity amp-turn/meter AT/m

I Current ampere A

J Polar moment of inertia kilogram-m2 kg-m2

l Length meter m

L Inductance henry H

Flux linkages weber-turn Wb-T

N Rotational speed rev/min RPM

� Angular velocity radians/second rad/s

P Power-instantaneous watt W
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P Average Power watt W

Permeance (magnetic) henry H

Permeability (magnetic) henry/meter H/m

Q Charge coulomb C

Q Reactive voltamperes voltamperes/reactive VAR

R Reluctance (magnetic) henry H

R Resistance ohm �

s Slip per-unit pu

s Slip rev/min RPM

S Complex power voltampere VA

t Time second s

T Time constant second s

V Voltage volt V

W Energy joule J

X Reactance ohm �

Y Admittance siemen (mho) S

Z Impedance ohm �

� Flux (magnetic) weber Wb

SUMMARY

� About 300 years back, scientists have started experimenting to understand electricity which
they could not see.

� The field of electrical engineering is about 100 years old.
� The major fields of electrical engineering are energy, communication and instrumentation.
� Electrical and Electronics Engineering, Electronics and Communication Engineering and

Electronics and Instrumentation Engineering are the three major application areas.
� A degree in electrical engineering can allow one to pursue a job in almost any industry one

can think of.
� An electrical circuit is a network that has a closed loop, giving a return path for the current.

A network is a connection of two or more components, and may not necessarily be a circuit.
� Ohm’s law, Kirchhoff’s Current and Voltage laws are the three experimental laws form the

basis for electric circuit analysis.


