
IARJSET 
 ISSN (Online) 2393-8021 

ISSN (Print) 2394-1588 

 

International Advanced Research Journal in Science, Engineering and Technology 
 

Vol. 7, Issue 2, February 2020 
 

Copyright to IARJSET                                                          DOI  10.17148/IARJSET.2020.7204                                                             14 

Response of Network Circuits Connected to 

Exponential Excitation Sources 
 

Rohit Gupta1, Anamika Singh2, Rahul Gupta3 

Lecturer of Physics, Department of Applied Sciences, 

Yogananda College of Engineering and Technology, Jammu, J&K, India1,3 

Assistant Professor, Department of Electrical Engineering, 

Yogananda College of Engineering and Technology, Jammu, J&K, India2 

 

Abstract: In science and engineering, network circuit’s analysis is a principal course. In this paper, we discuss the 

application of Mohand Transform for obtaining the Response of electric network circuits with an exponential excitation 

Source which is generally determined by the application of calculus method or different integral Transforms or 

convolution method or Matrix method. The response of electric network circuits with an exponential excitation source 

provides an expression for the current or voltage. This paper presents demonstrated the use of the Mohand Transform 

for determining the response of electric network circuits with an exponential excitation source.  
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I. INTRODUCTION 

 

The electric network circuits are generally analyzed by adopting calculus method or different integral Transforms [1-6] 

or convolution method [7, 8] or Matrix method [9, 10] and their response depends on the property of elements- inductor 

L, capacitor Ϲ, and resistor R. Such series and parallel network circuits are widely used as a tuning or resonant circuit 

and are also widely used in oscillatory circuits [7-11]. Mohand Transform has been applied in solving boundary value 

problems in most of the science and engineering disciplines [12]. This paper presents the application of Mohand 

Transform for the analysis of network circuits connected to an exponential excitation source and reveals that Mohand 

Transform is an effective tool for analysis of such network circuits.  

 

II. BASIC DEFINITION 

 

2.1 Mohand Transform 

If the function ɦ(y), y ≥ 0 is having an exponential order and is a piecewise continuous function on any interval, then 

the Mohand transform [6, 12] of ɦ(y) is given by M{ɦ(y)} = ɦ̅(𝑞) = 𝑞2 ∫ 𝑒− 𝑞𝑦∞

0
ɦ(y)𝑑𝑦. 

The Mohand Transform [6, 12] of some of the functions are given by 

• 𝑀{𝑦𝑛} =  𝑛!/𝑞𝑛−1 , 𝑤ℎ𝑒𝑟𝑒𝑛 = 0,1,2, .. 

• 𝑀{𝑒𝑎𝑦} =
𝑞2

𝑞−𝑎
 ,    

• 𝑀{𝑠𝑖𝑛𝑎𝑦} =
𝑎𝑞2

𝑞2+𝑎2 ,    

• 𝑀{𝑐𝑜𝑠𝑎𝑦} =
𝑞3

𝑞2+𝑎2 ,  

 

2.2 Mohand Transform of Derivatives  

The Mohand Transform [6, 12] of some of the Derivatives of h(y) are given by 

𝑀{ℎ′(𝑦)} = q𝑀{ℎ(𝑦)} − 𝑞2ℎ(0) 

𝑜𝑟 𝑀{ɦ′(𝑦)} = qɦ̅(𝑝) − 𝑞2ɦ(0) 

𝑀{ɦ′′(𝑦)} = 𝑞2ɦ̅(𝑝) − 𝑞3ɦ(0) − 𝑞2ɦ′(0), 𝑎𝑛𝑑 𝑠𝑜 𝑜𝑛. 
 

III. MATERIAL AND METHOD 

 

Analysis a series R-L-C network connected to a source of exponential potential 

The differential equation for a series R-L-C network connected to an exponential excitation potential source as shown 

in figure (1) is given by 
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I (t)R +  L İ(t) +  
Q(t)

Ϲ
 =  𝑣𝑒−𝑢𝑡                     …. (1) 

 

Differentiating (1) w.r.t. t and simplifying we get, 

 

Ï(t) +  
R

L
İ(t) +

1

LϹ
 I(t) =

−𝑣𝑢

L
𝑒−𝑢𝑡                    …. (2) 

 

Here, I(t)is the instantaneous current through the series R −  L − Ϲ network circuit. 

 

 
The initial conditions are:  

(i) At t = 0, I (0) = 0….. (3) 

(ii) Since at t = 0, I (0) = 0, therefore, equation (1) givesİ(0) =
𝑣

L
 …… (4) 

Taking Mohand transformation of equation (2), we get 

𝑞2𝐼(̅q)– 𝑞3𝐼(0) − 𝑞2İ(0) +
R

L
{𝑞𝐼(̅q)– 𝑞2𝐼(0)} +

1

LϹ
𝐼(̅q) =

−𝑣𝑢𝑞2

L(𝑞+𝑢)
                ... (5) 

Applying conditions: 𝐼(0) = 0 and İ(0) =  
𝑣

L
  and simplifying (5), we get 

I(̅q) =  
v

L

𝑞3

(𝑞+𝑢)(𝑞2+  
R

L
 𝑞+

1 

LϹ
)
                                                                                ….. (6), 

 𝑤ℎ𝑒𝑟𝑒 2𝛿 =
R

L
 𝑎𝑛𝑑 𝜔 = √

1

LϹ
 

𝑜𝑟 I(̅q) =  
v

L

𝑞3

(𝑞 + 𝑢)(𝑞2 +   2 𝛿 𝑞 + 𝜔2)
 

𝑜𝑟 I(̅q) =  
v

L

𝑞3

(𝑞 + 𝑢)(𝑞 + 𝛽1)(𝑞 + 𝛽2)
                                                               … . (7) 

𝑤ℎ𝑒𝑟𝑒 𝜔′ = √𝛿2 − 𝜔2, 𝛿 + 𝜔′ =  𝛽1 𝑎𝑛𝑑 𝛿 − 𝜔′ =  𝛽2,    𝛽1 − 𝛽2 = 2𝜔′. 

𝑜𝑟 I(̅q) =
v

L
 {

−𝑢𝑞2

(𝑞+𝑢)(−𝑢+𝛽1)(−𝑢+𝛽2)
+

−𝛽1𝑞2

(−𝛽1+𝑢)(𝑞+𝛽1)(−𝛽1+𝛽2)
+

−𝛽2𝑞2

(−𝛽2+𝑢)(−𝛽2+𝛽1)(𝑞+𝛽2)
}…… (8) 

Applying inverse Mohand transform, we get 

𝐼(t) =
v

L
 {

−𝑢𝑒−𝑢𝑡

(−𝑢+𝛽1)(−𝑢+𝛽2)
+

−𝛽1𝑒−𝛽1𝑡

(−𝛽1+𝑢)(−𝛽1+𝛽2)
+

−𝛽2𝑒−𝛽2𝑡

(−𝛽2+𝑢)(−𝛽2+𝛽1)
} 

𝑜𝑟 𝐼(t) =
v

L
 {

[𝛿− 𝜔′]𝑒−𝛿𝑡𝑒𝜔′𝑡

2𝜔′[𝛿− 𝜔′− 𝑢]
−

u𝑒−u𝑡

 [𝛿+ 𝜔′−𝑢][𝛿− 𝜔′−𝑢]
−

[𝛿+ 𝜔′]𝑒−𝛿𝑡𝑒−𝜔′ 𝑡

2𝜔′[𝛿+𝜔′ – 𝑢 ]
}                               … (9) 

This equation (9) is an expression for the current through a series R-L-C network circuit connected to an exponential 

excitation source at any instant. 

When t increases indefinitely, 𝑒−𝛿𝑡  tends to zero, so 

𝐼(t) =
v

L

−u𝑒−u𝑡

 [𝛿 + 𝜔′ − 𝑢][𝛿 −  𝜔′ − 𝑢]
 

𝑜𝑟 𝐼(t) =
v

L

u𝑒−u𝑡

 [𝑢2 − 𝜔2 − 2 𝜔′]
 

 

Analysis of a parallel R-L-C network connected to an exponential excitation current source 

The differential equation for a parallel R −  L − Ϲ network circuit connected to an exponential excitation current 

source as shown in figure (2) is given by  

 
V(t)

R
  + 

1

L
∫ V(t)dt + Ϲ V̇(t)  = Io𝑒−𝑢𝑡                                                                               ….. (10) 
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Differentiate (10) w.r.t. t and simplifying, we get,  

V̈(t) + 
1

RϹ
V̇(t) +

1

LϹ
V(t)= 

−Io 𝑢

C
𝑒−𝑢𝑡 …. (11) 

The initial conditions are:  

(i) At t = 0, 𝑉(0) = 0. 

(ii) Since at t = 0, 𝑉(0) = 0, therefore, (11) givesV̇(0) =  
Io

Ϲ 
 . 

Taking Mohand transformation of (11), we get 

𝑞2�̅�(q) – 𝑞3𝑉(0)  − 𝑞2V̇(0) +  
1

RϹ
{𝑞�̅�(q)– 𝑞2𝑉(0)} +

1

LϹ
�̅�(q) =

−Io 𝑢𝑞2

C(𝑞+𝑢)
....... (12) 

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

 C 
 and simplifying (12), we get 

�̅�(q) =  
Io

 C 
[ 

𝑞

 (q+u)(𝑞2+  2 𝑎 𝑞+𝜔2) 
], 𝑤ℎ𝑒𝑟𝑒 2𝑎 =

1

RϹ
 𝑎𝑛𝑑 𝜔 = √

1

LϹ
 

𝑜𝑟 �̅�(q) =  
Io

 C 
[ 

𝑞3

 (q + u)(𝑞2 +   2 𝑎 𝑞 + 𝜔2) 
 ] 

𝑜𝑟 �̅�(q) =  
Io

 C 
[ 

𝑞3

(𝑞 + 𝑢)(𝑞 + 𝑎1)(𝑞 + 𝑎2)
] 

𝑤ℎ𝑒𝑟𝑒 𝑎 + 𝜔′ =  𝑎1  𝑎𝑛𝑑 𝑎 − 𝜔′ =  𝑎2 ,𝜔
′ = √𝑎2 − 𝜔2   ,  𝑎1−𝑎2 = 2𝜔′. 

𝑜𝑟 V̅(q)  =
Io

 C 
 {

−𝑢𝑞2

(𝑞+𝑢)(−𝑢+𝑎1)(−𝑢+𝑎2)
+

−𝑎1𝑞2

(−𝑎1+𝑢)(𝑞+𝑎1)(−𝑎1+𝑎2)
+

−𝑎2𝑞2

(−𝑎2+𝑢)(−𝑎2+𝑎1)(𝑞+𝑎2)
} 

Applying inverse Mohand transform, we get 

 𝑉(t) =
Io

 C 
 {

−𝑢𝑒−𝑢𝑡

(−𝑢+𝛽1)(−𝑢+𝛽2)
+

−𝛽1𝑒−𝛽1𝑡

(−𝛽1+𝑢)(−𝛽1+𝛽2)
+

−𝛽2𝑒−𝛽2𝑡

(−𝛽2+𝑢)(−𝛽2+𝛽1)
} 

𝑜𝑟 𝑉 (t)  =
Io

 C 
{

[𝛿− 𝜔′]𝑒−𝛿𝑡𝑒𝜔′𝑡

2𝜔′[𝛿− 𝜔′− 𝑢]
−

u𝑒−u𝑡

 [𝛿+ 𝜔′−𝑢][+𝛿− 𝜔′−𝑢]
−

[𝛿+ 𝜔′]𝑒−𝛿𝑡𝑒−𝜔′ 𝑡

2𝜔′[𝛿+𝜔′ – 𝑢 ]
}…. (13) 

This equation (13) is an expression for the potential across a parallel R-L-C network connected to an exponential 

excitation current source at any instant. 

When t increases indefinitely, 𝑒−𝛿𝑡  tends to zero, so 

𝑉(t) =
Io

 C 

−u𝑒−u𝑡

 [𝛿 +  𝜔′ − 𝑢][𝛿 − 𝜔′ − 𝑢]
 

𝑜𝑟 𝑉(t) =
Io

 C 

u𝑒−u𝑡

 [𝑢2 − 𝜔2 − 2 𝜔′]
 

 

IV. 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 Mohand Transform for obtaining the response of network circuits 

connected to exponential excitation source. This paper brought up the Mohand Transform as a simple and effective 

technique for analyzing the network circuits connected to exponential excitation source.  
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