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Abstract — In science and engineering, the analysis of Inductor, Capacitor and Resistor (LCR) network circuits is a
principal course and is generally done by applying calculus or integral transforms. In this paper, we will analyze LCR
network circuits with exponential excitation sources by applying the new integral transform ‘Gupta Transform’ and obtain
their responses in the form of current or voltage. This paper presents the application of the ‘Gupta Transform’ and proves its
applicability for analyzing the LCR network circuits with exponential excitation sources and concludes that ‘Gupta
Transform’ like other methods or approaches is also an effective and simple tool.
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1. Introduction

The Inductor, Capacitor and Resistor (LCR) network
circuits are generally analyzed by applying calculus [1-2]
or different integral transforms [4-10] or approaches like
convolution approach [11-13] or matrix method approach
[14-15], or other approaches [16-17]. In this paper, a new
integral transform ‘Gupta Transform’ is presented to
analyze the LCR network circuits with exponential
excitation sources. The ‘Gupta Transform’ has been
applied in solving boundary value problems in science and
engineering [18-21]. This paper presents the application
and applicability of ‘Gupta Transform’ for analyzing the
network circuits with exponential excitation sources and
concludes that ‘Gupta Transform’ like other methods or
approaches is an effective and simple tool for analyzing the
LCR network circuits with exponential sources.

Let g(y) be a continuous function on any interval for y
> (. The Gupta Transform of g(y) is defined as,

Rigly)} = ? I, e~ gly)dy = G(g), provided that the

integral is convergent, where g may be a real or complex
parameter and E. is the Gupta Transform operator.

1.1 Gupta Transform of Elementary Functions

The Gupta Transform of some elementary functions
[19-20] are,
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1.2 Gupta Transform of Derivatives

Let g(y) is continuous function and is piecewise
continuous on any interval, then the Gupta Transform [18-
21] of first derivative of g(y) i.e. Rig" (¥)} is given by
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Integrating by parts and applying limits, we get
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Since,
Rig'(3)} = gRIg(y)} — ?Q(D], Therefore, on replacing

g(y) byg'(¥) and
g0 by g" (), we have
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Hence ,
R{g"(y)} = ¢%6(g) - :: glo) — ?gr{ﬂ:] and so omn

2. Materials and Methods

2.1 Series LCR Circuit with Exponential Potential
Source

The differential equation for a series LCR circuit with
exponential potential source [8, 9] is given by
IR + Lige) + L = pp-wr (D)

Differentiating (1) w.r.t.t and simplifying we get,
Ie) + —I{tj +— ) =—e™™ ()

Here, I{t} is the instantaneous current in the circuit.

The initial conditions are

(i) I(t=0)=0 . (®
(i) Since I(O) = 0, therefore, equation (1)
givest¢ =0 =- . 4)
Taking the Gupta transform of equation (2), we get
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Applying conditions: {0} 0 and (o) =E and

simplifying (5), we get
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Applying inverse Gupta Transform, we get
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This equation (5) gives the response (current) of a series
LCR circuit with an exponential potential source at any
instant.

When t increases indefinitely, e~%F tends to zero, so
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2.2 Parallel LCR Circuit with an Exponential Current
Source

The differential equation for a parallel LCR circuit
with an exponential current source [8, 9] is given by

L +2[VEdt + CVE = e ()

Differentiate Q w r.t.tand simplifying, we get,
Vi + o i.'f{t;] + v{t;]— g Ut ... (8)

The initial conditions are:
1.¥({t=0)=0.
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2. Since V'(0) = 0, therefore, (1) gives V(0) =

Taking Gupta Transform of (6), we get
9%7(q) -qi: V(0 —ii.‘-'{n] +

1 5 i B 1= —[ 7] 1.
E{ql (q]—qzlr{l]]} =Tlg) = == e

Applying conditions: V(0) = 0 and V(0) = = and

simplifying (3), we get
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Applying inverse Gupta Transform, we get
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This equation (8) gives the response (potential) of a parallel
LCR circuit with an exponential current source at any
instant.

When t increases mdeflnltely,
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3. Result and Conclusion

In this paper, we have successfully obtained the
response of network circuits connected to exponential
excitation source. This paper exemplified the application of
Gupta Transform for obtaining the response of network
circuits connected to exponential excitation source. This
paper brought up the Gupta Transform as a simple and
effective technique for analyzing the network circuits
connected to exponential excitation source.
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