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1.1 Elementary Concepts of Electricity
Electricity is the flow of electrical power or charge. It is a secondary energy source which means

that we get it from the conversion of other sources of energy, like coal, natural gas, oil, nuclear power
and other natural sources, which are called primary sources. The energy sources we use to make electricity
can be renewable or non-renewable, but electricity itself is neither renewable nor non-renewable.

Electricity is a basic part of nature and it is one of our most widely used forms of energy. Many
cities and towns were built alongside waterfalls (a primary source of mechanical energy) that turned
water wheels to perform work.

Before electricity generation began over 100 years ago, houses were lit with kerosene lamps, food
was cooled in iceboxes, and rooms were warmed by wood-burning or coal-burning stoves.

Beginning with Benjamin Franklin's experiment with a kite one stormy night in Philadelphia, the
principles of electricity gradually became understood. Thomas Edison helped change everyone's life by
his perfect invention - the electric light bulb. Prior to 1879, direct current (DC) electricity had been
used in arc lights for outdoor lighting. In the late-1800s, Nikola Tesla pioneered the generation,
transmission, and use of alternating current (AC) electricity, which can be transmitted over much greater
distances than direct current. Tesla's inventions used electricity to bring indoor lighting to our homes
and to power industrial machines.

1.1.1 Applications of Electricity
Despite its great importance in our daily lives, most of us rarely stop to think what life would be

like without electricity. Yet like air and water, we tend to take electricity for granted. Everyday, we use
electricity to do many jobs for us – from lighting and heating/cooling our homes, to powering our
televisions and computers.  Electricity is a controllable and convenient form of energy used in the
applications of heat, light and power.

1.1.2 Advantages of Electricity
Electricity is beneficial because

It is clean.
It is cheap.
It is safe.
It is more flexible.
It is a convenient source of energy.
It can be easily transmitted over long distances.

DC CIRCUITS1
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2 Circuit Theory

It has higher efficiency as compared to other sources of energy.
Its operation is noiseless.
An advantageous use of electricity is in medical science while restarting a person's heart.
We have a more convenient way of life - light, power to our house, etc.
It can give us heat, and computers wouldn't work without it. Mostly all the home appliances
(bulbs, tube light, television, fans, air conditioners, refrigerators etc) run with the help of electricity.
It is environment friendly as it do not spread pollution

1.2 Basic Terms
Now we will discuss the elementary concepts and definitions related to electrical networks and

circuits for a better insight.

1.2.1 Circuit
A circuit is a closed conducting path through which an electric current either flows or is intended

to flow.

1.2.2 Parameter
The various elements of a circuit are called its parameter like resistance, inductance and capacitance.

1.2.3 Node
Node is a junction in a circuit where more than two branches are connected together or a node can

also be defined as that point in a circuit where the current divides in different branches.

1.2.4 Branch
Branch is that part of a network which lies between two junctions or nodes.

1.2.5 Loop
Loop is closed path in a circuit in which no elements of the node is encountered more than once.

1.2.6 Mesh
Mesh is a loop that contains no other loop in it.
In the Fig 1.1, I1 and I2 represent mesh (as well as loop also) and the bigger dotted path I3 shown

in Fig 1.2 represents loop only. There are two nodes in the circuit represent by '1' and '2'. Some times
this bigger dotted path (Fig. 1.2) is also known as super mesh.

Fig. 1.1 Fig. 1.2
 1.2.7 Voltage

Voltage is the electrical force that causes current to flow in a circuit. It is measured in Volts (V).
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 1.2.8 Current
Current is the movement of electrical charge - the flow of electrons through the electronic circuit.

The direction of a current is opposite to electrons flow direction. Current is measured in Amperes (A).

 1.2.9 Power
Power and energy are two terms that are often misused. Energy can be thought of as the ability to

do work, and it has units such as joules. Power, on the other hand, is the rate at which energy is
generated or used, and therefore it has rate units such as joule/s. There is often confusion about the units
for electrical power and energy. Electrical power is measured in watts, which is a rate (1 J/s = 1 watt),
so electrical energy is watts multiplied by time, for example, watt-hours. Be careful not to say "watts
per hour," which is incorrect.

When a battery delivers current to a load, power is generated by the battery and is dissipated by
the load. The expression for instantaneous power supplied, or consumed, by a component of a circuit is
given as

P = VI    (1.1)
Above equation tells us that the power supplied at any instant by a source, or consumed by a load,

is given by the current through the component times the voltage across the component. When current is
given in amperes, and voltage in volts, the units of power are watts (W). Thus, a 12 V battery delivering
10 A to a load is supplying 120 W of power.

 1.2.10 Energy
Since power is the rate at which work is being done, and energy is the total amount of work done,

energy is just the integral of power.
   (1.2)

In an electrical circuit, energy can be expressed in terms of joules (J), where 1 watt-second = 1
joule. In the electric power industry the units of electrical energy are more often given in watt-hours, or
for larger quantities kilowatt-hours (kWh) or Megawatt-hours (MWh). Thus, for example, a 100 W
computer that is operated for 10 hours will consume 1000 Wh, or 1 kWh of energy.

1.2.11 Potential Difference
An electric field is a region in space where a force is exerted on a positive test charge.
Electric lines of force represent the direction that a positive test charge would move in an electric

field. By convention, they originate at positively charged objects and terminate at negatively charged
objects.A charge in an electric field experiences an electric force.

Work is done by the electric field if the electric force acting on the charge causes it to move from
one point to another. These two points differ in their electric potential.

The magnitude of the work done on the charge by the electric field is a measure of the difference in potential.
The electric potential difference (V) is the work done per unit charge as a charge is moved

between two points in an electric field.
(1.3)

The volt (V) is the unit used to measure electric potential difference. (Students frequently confuse
the symbol V used to express the unit (volt) with the term used in the expression for electric potential
difference. It should be emphasized that sometimes the same symbol can be used in different ways to
express different things. Other examples can be used to illustrate this.)

W P  d t

WV
Q
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An electric potential difference must exist for current to flow in an electric circuit.
As charge moves from one point to another in an electric circuit, energy is released. This results

in a decrease in electric potential. The decrease in electric potential implies that there is an electric
potential difference between the two points. (The term electric potential difference is preferable to
"voltage.")

The potential of the earth is arbitrarily said to be zero.
An object connected directly to the ground can be described as being earthed.
A ground may be a common plane of zero voltage compared with the rest of the circuit. This is

sometimes called a chassis ground.
The potential at any point in an electric field can be either positive or negative with respect to the

earth, depending on the nature of the charge.
A voltmeter is used to measure the electric potential difference between two points in an electric

circuit. It is connected in parallel across a load in the circuit. It has a very high internal resistance.

1.3 Ohm's Law
Keeping all physical conditions same (or constant), Ohm's Law state that, "the potential difference

existing between the two ends of a conductor is directly proportional to the current flowing through the
conductor".

i.e. V  I      (1.4)
or V = IR (1.5)

Fig. 1.3
where

V = Voltage or potential difference between the two ends of a conductors in volts.
I = Current through the conductor in ampere.
R = Resistance of the conductor in ohms.

1.4 The Resistance Parameter
Resistance is one of the three basic parameters of electrical circuit. In general resistance can be

described as, "that property of a circuit element which offers opposition to the flow of current and
while doing so it converts electrical energy in to heat energy."

Although the definition above involves DC current and voltage, the same definition holds for the
AC application of resistors.

According to Ohms law we have

(1.6)

Fig. 1.4

 = VR
I
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The graphical representation of Ohm's law is shown in Fig. 1.5.

Fig. 1.5

1.4.1 Conductance
Conductance is an opposition of Resistance and it is denoted by G. It is given by the relationship

(1.7)

In past the unit of conductance was (mho) which is opposite to (ohm). But these days the unit of
conductance is Siemens which is denoted by 'S'.

1.4.2 Resistivity
Whether or not a material obeys Ohm's law, its resistance can be described in terms of its bulk

resistivity. The resistivity, and thus the resistance, is temperature dependent. Over sizable ranges of
temperature, this temperature dependence can be predicted from a temperature coefficient of resistance.

The electrical resistance of a wire would be expected to be greater for a longer wire, less for a wire
of larger cross sectional area, and would be expected to depend upon the material out of which the wire
is made. Experimentally, the dependence upon these properties is a straightforward one for a wide range
of conditions, and the resistance of a wire can be expressed as

     (1.8)

The factor in the resistance which takes into account the nature of the material is the resistivity.
Although it is temperature dependent, it can be used at a given temperature to calculate the resistance
of a wire of given geometry.

1.4.3 Conductivity
The inverse of resistivity is called conductivity. There are contexts where the use of conductivity is
more convenient. Electrical conductivity is given by

     (1.9)

where   is the resistivity of the material in  m
           L is the length and
           A is the cross-section area of the wire or conductor.

 =   LR
A

1 = G
R

1 = 

OO
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1.4.4 Temperature Effect on Resistance
In practical the resistance of most metallic conductors varies with temperature. Resistance values for
conductors at any temperature other than the standard temperature (usually specified at 20o Celsius) on
the specific resistance table must be determined through yet another formula:

   (1.10)

where,
is the temperature coefficient of resistance at temperature T.

R is the conductor resistance at temperature T
Rref is the conductor resistance at reference temperature Tref
Tref is the conductor temperature in degree Celsius
Tref is the reference temperature in degree Celsius that  is specified at for the conductor material

 The "alpha" ( ) constant is known as the temperature coefficient of resistance, and symbolizes
the resistance change factor per degree of temperature change. Just as all materials have a certain
specific resistance (at 20o C), they also change resistance according to temperature by certain amounts.
For pure metals, this coefficient is a positive number, meaning that resistance increases with increasing
temperature. For the elements carbon, silicon, and germanium, this coefficient is a negative number,
meaning that resistance decreases with increasing temperature. For some metal alloys, the temperature
coefficient of resistance is very close to zero, meaning that the resistance hardly changes at all with
variations in temperature.

1.5 Combination of Resistances
The two circuit elements, Current Source and Voltage Source are basically active elements. Along with
these two basic active elements in a circuit we have passive elements also. These passive elements
mainly comprises of - Resistor, Inductor and Capacitor. Most of the electrical circuits are formed using
these three basic passive elements in combination. While studying the DC circuits we will confine our
focus on resistance only.

1.5.1 Series Combination of Resistor
Circuit elements that carry the same current are said to be in series.
Lets us consider three Resistors R1, R2 and R3 in series as shown in Fig. 1.6.

Fig. 1.6

By Kirchhoff's voltage law

   (1.11)

[1 ( )]ref refR R T T

1 2 3

1 1

2 2

3

                           V = V  + V  + V
where                  V  is the voltage across R
                            V  is the voltage across R
                            V  is the voltage across 3R

R1 R2
R3

I
V

V1 V2 V3
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   (1.12)

   (1.13)
   (1.14)

   (1.15)

The power consumed by the resistance is given by

Watt    (1.16)

Here the V is the voltage across that particular resistance across which we have to find the
power and I is the current through that particular resistance.

1.5.2 Parallel Combination of Resistor
Lets us consider two Resistors R1 & R2 are connected in parallel as shown in Fig 1.7.

Fig. 1.7

As both the Resistors are in parallel, hence the potential difference across both the Resistors will
be same. Applying Kirchhoff's current law to the circuit shown in Fig 1.7 above,

   (1.17)

or    (1.18)

or    (1.19)

or    (1.20)

where    (1.21)

  = Equivalent Resistance of two Parallel connected Resistors.
Equation (1.21) can also be written as

   (1.22)

1 2 3

1 2 3

Applying Ohm's Law to equation (1.11) we have
                             V = IR  + IR  + IR
or                          V = I (R  + R  + R )
or                          V = IR
where                

S

1 2 3     R  = R  + R  + R
                                   = Equivalent resistance of the series connected resistors.

S

2
2VP I R VI

R

1 2I I I

1 2

V VI
R R

1 2

1 1I V
R R

P

VI
R

1 2

1 1 1

PR R R

1 2

1 2
P

R R
R

R R

R1 R2

I2I1
I

V
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1.6 Kirchhoff's Laws
Kirchhoff discover two basic laws concerning to networks, one commonly known as Kirchhoff's

Current Law (KCL) and the second one is known as Kirchhoff's Voltage Law (KVL).
These laws are very useful in determining the current following in the various branches and

equivalent resistance of a complicated network.

1.6.1 Kirchhoff's Current Law (KCL)
It states that "In any electrical network, the algebraic sum of the currents meeting at a point (or

junction) is zero".
Or

"The total current leaving a junction is equal to the total current entering in that junction."
Considering Fig. 1.8, according to KCL, we have

   (1.23)

or I1 + I2 = I3 + I4 + I5    (1.24)
or I1 + I2 – I3 – I4 – I5 = 0    (1.25)

Fig. 1.8

Some schematic examples are shown in the Fig. 1.9 below to understand Kirchhoff's Current Law
in a better way.

Fig. 1.9

0I
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1.6.2 Kirchhoff's Voltage Law (KVL)
It states that "the algebraic sum* of products of current and resistance (i.e. voltage drops) in

each of the conductors in any closed path (or mesh) in a network plus the algebraic sum of the
e.m.f. sources in that path is zero"

   (1.26)
For example, let us consider a simple circuit shown in the Fig 1.10 (a). Applying Kirchhoff's

Voltage Law, we have
   (1.27)

or    (1.28)

 (a)    (b)

Fig. 1.10

Now let us consider a part of an electrical circuit shown in Fig 1.10(b).
For loop 1
Current through R1 and R3 will be     I1

Current through R2 will be    (1.29)
Therefore    (1.30)
or    (1.31)

1.6.3 Current Divider Rule
This rule can be applied to a circuit where we have to find the current in two parallel branches.

For example let us consider a circuit shown in Fig 1.11. The total current I will be

   (1.32)

where    (1.33)

* The algebraic sum is the sum which takes into account the polarities of the currents, voltage drops and e.m.f sources.

IR + emf = 0

1 2V IR IR

1 2( ) 0V I R R

1 2( )I I

1 1 1 3 1 2 2( )V I R I R I I R

1 1 2 3 2 2( )V I R R R I R

VI
R

1 2

1 2

R R
R

R R

R1

R2

I1
V

R1

R3

I1
V

R2 I2
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Fig 1.11

In general the branch current is given by

   (1.34)

The current I1 through resistance R1 is given by

   (1.35)

Similarly the current I2 through resistance R2 is given by

   (1.36)

1.6.4 Voltage Divider Rule
This rule can be applied to a circuit where we have to find the voltage across two resistances connected
in series. For example let us consider a circuit shown in Fig. 1.12.

Fig 1.12

The voltage across any of the resistance connected in series is given by

   (1.37)

The voltage V1 across resistance R1 is given by
   (1.38)

Similarly, the voltage V2 across resistance R2 is given by

   (1.39)

Total Curent resistance of opposite branchBranch Current
Sum of Total Resistance of both branches

2
1

1 2

I R
I

R R

1
2

1 2

I R
I

R R

Total Voltage Resistance across which the voltage is to be calculated
Total Resistance of branch

Voltage

1
1

1 2

V R
V

R R

2
2

1 2

V R
V

R R

R1 R2V

I
I1 I2

R1 R2

V1
V2

V

I
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