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1. Introduction 

               Singular systems contain a mixture of algebraic and 

differential equations. In that sense, the algebraic equations 

represent the constraints to the solution of the differential part. 

These systems are also known as degenerate, descriptor or semi 

state and generalized state-space systems. The complex nature of 

singular system causes many difficulties in the analytical and 

numerical treatment of such systems, particularly when there is a 

need for their control. The system arises naturally as a linear 

approximation of system models or linear system models in many 

applications such as electrical networks, aircraft dynamics, neural 

delay systems, chemical, thermal and diffusion processes, large 

scale systems, robotics, biology, etc.,[1-4]. 

             The mainstreams of electronic circuit theory and neural 

network theory will in forthcoming decades converge into general 

methodologies for the optimization of analogue nonlinear dynamic 

systems. As a demonstration of the viability of such a merger, a 

new modeling method will be described, which combines and 

extends ideas borrowed from methods and applications in 

electronic circuit and device modeling theory and numerical 

analysis [5-8] the popular error back propagation method (and other 

methods) for neural networks [9-12] and time domain extensions to 

neural networks in order to deal with dynamic systems [13-15]. 

         In this paper we study the linear electrical circuit and the 

time varying linear electrical circuit. Samath et al [16] studied these 

circuits by applying the neural algorithm and Rang-Kutta method. 

Murugesan et al [17] studied them and used R-Butcher method. We 

try to apply the Differential Transformation Method DTM to solve 

these problems. 

 

2. Linear Electrical Circuit 

        Consider the physical model of an electrical circuit 

discussed by Chu et al [6] as shown in figure 1. 
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Figure1. Electrical Circuit 

 

This electrical circuit is governed by the following hybrid 

equations [18] 

 
Since        ̇   and          , substituting        ̇  ,        ̇  ,          , 

and          into (1) we then obtain 

 

 
After re-arranging the terms, we obtain the singular system of 

equations as 
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     Where K is an n x n matrix, but singular in nature, therefore it is 

called singular systems. It is also called “generalized state space 

systems” or “descriptor systems”. A is an n x n matrix, B is an n x r 

matrix, x(t) is an n-state vector, and u(t) is an r-input vector. 

The singular system of equations is: 

   ̇     ̇        ̇
    ̇̇      ̇̇          ̇    

        
        

}                                                   (4) 

In some cases, the variables have some inherent meaning such as 

voltage, current, position, velocity, or acceleration. or, the 

coefficient matrices have some special structures that may be lost 

by manipulating a system of the form in (3) into an ordinary state-

space system. 

By taking 

       
  

 
 
  

 

        
 
}                                                                     (5) 

The exact solutions of (4) as [16]: 
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 With initial conditions 
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3. Differential Transformation Method  DTM: 

The differential transformation of the k-th derivatives of function 

)(xy  is defined as follows [19]: 
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and )(xy  is the differential inverse transformation of )(kY  defined 

as follows: 
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for finite series of  k = N , Eq.(9) can be written as: 
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The following theorems that can be deduced from Eqs.(8) and (10) 

are given below: 

Theorem 1. If )()()( xhxgxy   ,then )()()( kHkGkY  . 

Theorem 2. If )(.)( xgxy   ,then )(.)( kGkY  . 
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4. Solving the linear circuit by DTM   

To solve system (4) for the definitions in (5), the system of 

recurrences equations is: 
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Where the initial values are: 

   ( )             ( )      

   ( )           ( )      

Solutions by DTM for system (4) by the recurrences equations in 

system (11) are: 
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Now a system of linear equations can be written as:  

[ ]  [ ]  [ ]                                                                              (12) 
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Solving system (12) by Gauss-Jordon elimination method then: 
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Solutions in (13) by DTM for the variables v1(t), v2(t), i3(t) and 

i4(t) are represented by graphs in Figures 2 to 5 at various time 

intervals. 

 

Figure (2) represents Exact and DTM solutions for V1(t). 

  

Figure (3) represents Exact and DTM solutions for V2(t). 
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Figure (4) represents Exact and DTM solutions for I3(t). 

 

Figure (5) represents Exact and DTM solutions for I4(t). 

5. Study of Time-Varying Linear Electrical Circuit 

       We applied DTM for the time–invariant electrical circuit 
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a singular system. Consider the electrical circuit depicted in Fig. 1 . 

The following hybrid equation is obtained[18]. 

 

                           (14) 

 

This is of the form: 

                                                                 (15) 

In order to study the effectiveness of the time varying singular 

system in electrical circuits, a hypothetical system is formed by 

transforming the matrices K, A, and B, which are basically time 

independent in (14) with time-varying components. 

Hence, the singular system of the time-varying electrical circuit is 

of the form 

 

                   (16) 

This is of the form K(t)  ̇(t) = A(t)x(t) + B(t)u(t). 

The singular system of equations is:  

   ̇     ̇        ̇ 

    ̇̇      ̇̇     ̇     

                                                        
                                                                 

                                                                                        (17) 
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The exact solution of (15) is[16]          
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With initial conditions 
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To solve system (17) the system of recurrences equations is: 
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Where the initial values are: 
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Solutions by DTM for system (17) by the recurrences equations in 

system (19) are: 

  ( )    ( )    ( )    ( ) 
    ( ) 

         

  ( )    ( )    ( )    ( ) 
    ( ) 

        

  ( )    ( )    ( )    ( ) 
    ( ) 

                                                                           

  ( )    ( )    ( )    ( ) 
    ( ) 

                      

          (20) 



 
Issue No. 32/2013 Dr.  Anwar Ja'afar, Faris Ali Jasim Solution of Linear Electrical Circuit.. 

 

Journal of Al Rafidain University College             177              ISSN (1681 – 6870) 

 
 

For     , system (19) becomes:   
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Now a system of linear equations can be written as:  
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Solving system (21) by Gauss-Jordon elimination method then  
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Solutions in (22) by DTM for the variables v1(t), v2(t), i3(t) and 

i4(t) are represented by graphs in Figures 6 to 9 at various time 

intervals. 

6. Conclusion 

The solutions obtained using the DTM gives more accurate 

values when compared to the exact solutions of the electrical circuit 

problem irrespective of whether they are time-invariant or time 

varying cases, 
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Figure (7) represents Exact and DTM solutions for V2(t). 

 
Figure (8) represents Exact and DTM solutions for I3(t). 
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Figure (9) represents Exact and DTM solutions for I4(t). 
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 المستخلص:
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