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I. Introduction 

The general theory and various applications of transmission line theory can be found in many monographs ([9]-

[17]). In previous papers ([2]-[7]) we have made an analysis of transmission lines (both lossless and lossy ones) 

loaded by various configurations of nonlinear elements. Motivations for the present considerations in the first 

part of the paper [8] are given. Since we continue the investigations from [8] this inflicts to recall briefly the 

main results obtained.  

Figure 1  Lossless Transmission Line Terminated by Parallel Connected  

RC-Loads in Series Connected to L-Load 

 
As a consequence of Kirchhoff’s law the boundary conditions are derived (cf. Figure 1) and then the mixed 

problem for the hyperbolic transmission line system is formulated. The reducing of the mixed problem for the 

hyperbolic system leads to an initial value problem for neutral equations on the boundary. We also show that 

natural solutions are oscillatory ones, tending to zero at infinity.The primary goal of the present paper is to 

introduce a suitable operator whose fixed point is an oscillatory solution of the neutral system. By fixed point 

method given in [1] we obtain an existence-uniqueness of an oscillatory solution and demonstrate the 

application of our method to specific problems. The paper consists of five sections. In Section II we recall the 

Abstract: The present paper is a second part of the previous one (Angelov and Zahariev, 2013) where a 

lossy transmission line terminated by the same circuit of nonlinear loads is considered. Here we introduce 

an operator acting in a suitable function space whose fixed point is an oscillatory solution of the neutral 

system obtained in the first paper cited above. Then we formulate conditions for the existence-uniqueness of 

an oscillatory solution. The conditions obtained are easily verifiable inequalities. We demonstrate the 

advantages of our method by a numerical example. 
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formulation of the mixed problem for the hyperbolic system (Telegrapher equations) and give some estimates of 

the characteristics of the nonlinear loads. In Section III we introduce an operator presentation of the oscillatory 

problem. The key role plays Lemma 3.3. In Section IV we establish existence-uniqueness of oscillatory solution 

tending to zero at infinity. In Section V we demonstrate the advantages of our method on a numerical example. 

We point out that for applications it is necessary to verify just simple inequalities. 

 

II. The Mixed Problem and Neutral System  

In the first part (see [8]) we have derived boundary conditions of the mixed problem for lossy transmission line 

system and we have formulated the mixed problem: to find functions ),( txu  and ),( txi , satisfying the system  
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are satisfied. Here L, C, R and G are prescribed specific parameters of the line and   > 0 is its length. 

Let us recall that we deal with nonlinear elements whose characteristics are: 

),1,0(,)(
1

)( 


piriR
m

n

np
np

 




m

n

np
np iliL

0

)()( , )()(
~

,.)(.)(
~

0

)( uCuuCiliiLiiL pp

m

n

np
npp  

  
such that 

).1,0(,
)(

)(
))(()(

~

,
)(

)(
))(()(

~































p
du

udC
uuC

dt

du

dt

uCud

dt

uCd

di

idL
iiL

dt

di

dt

iLid

dt

iLd

p
p

pp

p
p

pp
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III. Operator Presentation of the Oscillatory  

We notice that if the neutral system (2.5) has a periodic solution  
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The following assumptions will be hold: 
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Remark 3.3 Replacing 0tt   in (3.1) we obtain conformity condition (CC): 
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Lemma 3.1 The operator (.)K  maps ),[ 0
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The proof is straightforward. 
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Differentiating the above equalities we conclude that (3.1) has an oscillatory solution. 

Lemma 3.3 is thus proved.  
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Further on we use the relations 
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Therefore if   1,,,max
0000

 uLRuLR KKKKK   then the operator B has a unique fixed point. It is an oscillatory 

solution of the problem stated. 
Theorem 4.1 is thus proved.  

V. Numerical example 

We collect all inequalities guaranteeing an existence-uniqueness of an oscillatory solution: 
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VI. Conclusion  

We have noticed that the transmission line loaded by the shown configurations of nonlinear elements (cf. 

Figure 1) requires different way of derivation of the boundary conditions and respectively leads to different type 

of differential equations. Here one more difficulty arises. One could not exclude some transitional currents and 

so we have to solve a system of 4 equations for 4 unknown functions. Our fixed point method, however, is again 

applicable and we obtain existence-uniqueness of an oscillatory solution for lossy lines. 

We point out that the procedure for treating of time-varying specific parameters might be applied to the present 

circuit. 
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