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Abstract: The analysis of electric circuits designed by taking elements like resistor , inductor and capacitor Ϲ is an essential course in electrical,
communication and electronics engineering. Such electric circuits are generally analyzed by adopting the matrix method or classical method or Laplace
transformation method. In this paper, a convolution method is discussed for the analysis of a series
network circuit connected to a steady
voltage source, and a parallel
network circuit connected to a steady current source. The response obtained by solving the governing
differential equation of a series
network circuit connected to a steady voltage source via convolution method will provide an expression for
the electric current flowing in the series
network circuit, and that of a parallel
network circuit connected to a steady current source
will provide an expression for the voltage across the parallel
network circuit. The nature of response of such series (or parallel) network
circuit is determined by the values of elements- inductor Ł, capacitor , and resistor Ɍ of the network circuit.
Keywords: Analysis, Convolution Method, Series and Parallel
Network Circuits, Response.
————————————————————

1. INTRODUCTION
A series or parallel
network circuit consists of
three basic electric elements- an inductor having
inductance Ɫ, a capacitor having capacitance Ϲ, and a
resistor having resistance . These basic elements don’t
have the ability to transfer non – zero average power in an
infinite interval of time and are, therefore, known as passive
elements, whereas the elements like a current source and a
voltage source have the ability to transfer non- zero
average power in an infinite interval of time and are,
therefore, known as active elements [1-2]. The series and
parallel
network circuits are widely used as a
tuning or resonant circuit in the radio and television sets to
tune or resonate a particular frequency band from the wide
range of radio frequency components, and are also widely
used in oscillatory circuits [3]. This paper presents the
application of convolution method for the analysis of a
series
network circuit connected to a steady
voltage source, and a parallel
network circuit
connected to a steady current source, and reveals that
convolution method is an effective and simple and powerful
mathematical tool for analysis of series (or parallel)
network circuit with steady voltage (or current)
source.

2 BASIC DEFINATIONS
The Laplace transformation [4-5] of a function h(y), where y
≥ 0, is defined as
, where
∫
the parameter which may be a real or complex. The
inverse Laplace transform of the function
written as L1
[
] or h(y).

2.1 Laplace Transformation of derivatives of a function
The Laplace Transformations of derivatives [5-6] of a
function
are written as
,
, and so on.
2.2 Convolution And Convolution Theorem
The convolution [5-6] of two functions
and
which
are defined in
, is defined as
(
= ∫
, where
0.
Convolution theorem states that If these functions
and
are having an exponential order, then the Laplace
transform of [(
is written as
̅ ,
̅
̅
where ̅
are Laplace transformations of
and
. Applying inverse Laplace Transformation,
̅
we can write
[̅
]

3 MATERIAL AND METHOD
Case I: Analysis of a series
network circuit with
steady voltage source
The governing differential equation for analyzing a series
network circuit connected to a steady voltage
source of potential
as shown in figure (1) is given by [7]
̇
…. (1)
̇

____________________



Lecturer, Department of Applied Sciences (Physics),
Yogananda College
of Engineering and Technology,
Jammu (J&K, India).
Assistant Professor, Department of Electrical Engineering,
Yogananda College of Engineering and Technology,
Jammu (J&K, India).

Differentiating both sides with respect to t and simplifying
we get, we get
̈
̇
…. (2)
Here,
is the instantaneous current through the series
network circuit.
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To solve equation (2) by convolution method, the relevant
initial conditions [7] are as follows:
(i)
At t = 0, I (0) = 0.
(ii)
Since at t = 0, I (0) = 0, therefore, equation (1)
gives ̇
.
Taking Laplace transformation of equation (2), we get
̅ –
̇
̅
{ ̅ –
}
... (3)
Applying boundary conditions:
= 0 and ̇
,

equation that the nature of response of the network circuit

equation (3) becomes,
̅
̅

real. In such a case, equation (10) on simplifying provides
̅

depends on quantity √( )

imaginary. The value of the quantity √( )

(√ ( )

….. (4)
√

For convenience, let

, then equation

(4) becomes
̅

)

(√
√

(

√

.. (5)

)

√ , then the quantity √( )

impossible. If the quantity √( )

Again, for convenience, let us substitute
√
√
, then equation (5) can be
√
rewritten as
̅
….. (6)
Let

….. (11)

is

zero. In such a case, equation (10) reveals that the electric
current in network circuit is indeterminate, which is

)
)(

is

This equation (11) reveals that the electric current in the
series
network circuit connected to a steady
voltage source is non – oscillatory and decays exponentially
with time.
Possibility II: If

̅

and

Then the inverse Laplace transformation [6] of these
functions are given by f (t) =
and g (t) =
.
Therefore, equation (6) can be rewritten as
̅
…… (7)
Taking inverse Laplace transformation of equation (7), we
can write
…….. (8)
Now applying convolution theorem, we can write
= (f * g) (t)
=∫

is so small that it

approaches to zero, then on expanding the exponential
terms containing the quantity √( )

and taking only

the first two terms and then simplifying, we get
(
) ….. (12)
This equation (12) reveals that the electric current in the
network circuit decays exponentially with time.
√ , then the quantity √( )

Possibility III: If

is

imaginary. We can rewrite the quantity √( )
√( )

√

as

( ) …. (13)

Using equation (13) in equation (10) and then simplifying,
we get
(

)
√

(√

)

………….. (14)

( )

This equation (14) reveals that the electric current in the

=∫
=

∫

network circuit is oscillatory with amplitude

=
=

then the quantity √( )

√

Possibility I: If

√( )

Or ̅

, in turn,

depends on the values of elements
of the
network circuit. We have the following three possibilities:

Or ̅

̅

, whether it is real, zero or

(
√

)

,

( )

which is not steady but decreases with time exponentially,
…. (9)

and with oscillating frequency

√

( ).

Using equation (9) in (8), we get
√

Case II: Analysis of a parallel
with steady current source

√

√
√

The governing differential equation for analyzing a parallel
network circuit connected to a steady current
source providing steady current as shown in figure (2) is
given by [8]

√

√
{

( √( )

)
√( )

( √( )

network circuit

)}

…. (10)

This equation (10) provides an expression for the electric
current flowing through a series
network circuit
connected to a steady voltage source. It is clear from the
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=
……. (24)

=

Using equation (24) in (23), we get

√

√

√

̇
+ ∫
….. (15)
Differentiate both sides of equation (15) with respect to t
and simplifying, we get,
̈
̇
= 0 …. (16)
To solve equation (16) by convolution method, the relevant
initial conditions [9] are as follows:
(i)
At t = 0, (0) = 0.
(ii)
Since at t = 0, (0) = 0, therefore, equation (1)
gives ̇
.
Taking Laplace transformation of equation (17), we get
̅
̇
̅
–
{ ̅ –
}
....... (18)
Applying boundary conditions:
= 0 and ̇
,
equation (18) becomes,
̅
̅
̅
̅

( √(

{

)

( √(

)

)

)}

.. (25)

√(

)

This equation (25) provides an expression for the voltage
across a parallel
network circuit connected to a
steady current source. It is clear from the equation that the
nature of response the parallel
network circuit
depends on quantity √(

)

, whether it is real, zero

or imaginary. The value of the quantity√(

)

, in turn,

depends on the values of elements
of the
network circuit. We have the following three possibilities:
√ , then the quantity √(

)

is

real. In such a case, equation (25) on simplifying provides

…… (19)

(√ (

√

For convenience, let

, then equation

√(

)

)

….. (26)

)

This equation (26) reveals that the voltage across the
parallel
network circuit connected to a steady
current source is non – oscillatory and decays exponentially
with time.

(19) becomes
̅
̅
(√

)

√

√

)(

√

√(

, then equation (20) can

and

Then the inverse Laplace transformation [9-10] of these
functions are given by h (t) =
and z (t) =
.
Therefore, equation (21) can be rewritten as
̅
………… (22)
Taking inverse Laplace transformation of equation (22), we
can write
…….. (23)
Now applying convolution theorem, we can write
= (h * z) (t)
=∫
=

)

is so small that it approaches to zero, then on

expanding the exponential terms containing the quantity
√(

….. (21)

=∫

)

is real zero. In such a case, equation (25) reveals that the
voltage across the parallel
network circuit is
indeterminate, which is impossible. If the quantity

... (20)
)

Again, for convenience, let us substitute
√
√
be rewritten as
̅

√ , then the quantity √(

Possibility II: If

̅
(

√

√

Possibility I: If

̅

Let

√

)

and taking only the first two terms and then

simplifying, we get
(
) ….. (27)
This equation (27) reveals that the voltage across the
parallel
network circuit decays exponentially
with time.
√ , then the quantity√(

Possibility III: If

imaginary. We can rewrite the quantity √(
as √(

)

√

(

)

is
)

) .... (28)

Using equation (28) in equation (25) and then simplifying,
we get

∫
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)
√

(√
(

(

)

)

….. (29)

)

This equation (29) reveals that the voltage across the
network circuit is oscillatory with amplitude

(
√

)
(

)

decays with time exponentially, and
with oscillating frequency

4

√

(

) .

RESULT AND CONCLUSION

In this paper, we exemplified the convolution method for
analyzing a series
network circuit with a steady
voltage source, and a parallel
network circuit
with a steady current source. The response obtained by
convolution method is same as is obtained with matrix
method [7, 8] or classical or Laplace transformation
methods [2, 3, 11]. This paper has brought up the
convolution method as a powerful technique for analyzing
such series or parallel electric network circuit with steady
voltage or current source. We concluded that the response
of the series (or parallel) network circuit is determined by
the values of elements- inductor Ł, capacitor , and resistor
Ɍ of the network circuit can be made oscillatory or nonoscillatory by selecting the suitable values of these
elements. It is also concluded that the convolution method
technique is an effective and simple for the analysis of
series (or parallel)
network circuit with steady
voltage (or current) source.
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