
 

 

PROCEEDINGS 11-15 September 2006 
 
 
 
 
 
FACULTY OF ELECTRICAL ENGINEERING 
AND INFORMATION SCIENCE 
 

 
 
INFORMATION TECHNOLOGY AND 
ELECTRICAL ENGINEERING - 
DEVICES AND SYSTEMS, 
MATERIALS AND TECHNOLOGIES 
FOR THE FUTURE 
 
 
 
 
 
Startseite / Index: 
http://www.db-thueringen.de/servlets/DocumentServlet?id=12391 

51. IWK 
Internationales Wissenschaftliches Kolloquium 

International Scientific Colloquium 



Impressum 
 
Herausgeber: Der Rektor der Technischen Universität llmenau 
 Univ.-Prof. Dr. rer. nat. habil. Peter Scharff 
 
Redaktion: Referat Marketing und Studentische 

Angelegenheiten 
 Andrea Schneider 
 
 Fakultät für Elektrotechnik und Informationstechnik 
 Susanne Jakob 
 Dipl.-Ing. Helge Drumm 
 
Redaktionsschluss: 07. Juli 2006 
 
Technische Realisierung (CD-Rom-Ausgabe): 
 Institut für Medientechnik an der TU Ilmenau 
 Dipl.-Ing. Christian Weigel 
 Dipl.-Ing. Marco Albrecht 
 Dipl.-Ing. Helge Drumm 
 
Technische Realisierung (Online-Ausgabe): 
 Universitätsbibliothek Ilmenau 
  
 Postfach 10 05 65 
 98684 Ilmenau 
 

Verlag:  
 Verlag ISLE, Betriebsstätte des ISLE e.V. 
 Werner-von-Siemens-Str. 16 
 98693 llrnenau 
 
 
© Technische Universität llmenau (Thür.) 2006 
 
Diese Publikationen und alle in ihr enthaltenen Beiträge und Abbildungen sind 
urheberrechtlich geschützt. Mit Ausnahme der gesetzlich zugelassenen Fälle ist 
eine Verwertung ohne Einwilligung der Redaktion strafbar. 
 
 
ISBN (Druckausgabe): 3-938843-15-2 
ISBN (CD-Rom-Ausgabe): 3-938843-16-0 
 
Startseite / Index: 
http://www.db-thueringen.de/servlets/DocumentServlet?id=12391 
 



51st Internationales Wissenschaftliches Kolloquium 
Technische Universität Ilmenau 

 September 11 – 15, 2006 
 
N. Raicevic 
 
 
Electric Field Calculation at Cable Terminations Using 
Conformal Mapping and Equivalent Electrodes Method 
 
 

INTRODUCTION 
 
It is possible to use analogies between plan-parallel and axi-symmetrical electric 

systems for analytical determining of electric potential and field distributions at the cable 

terminations. Conformal mapping is applied for those calculations. For modeled cable 

terminations this method can not be used, but equivalent electrodes method (EEM) is 

generally applicable. 

At large distances from the termination, inside the cable, it may be considered that the 

field is approximately homogenous and charge distribution is continuous on its 

conductors . It is possible to determine the potential at the cable end as superposition of 

two components: the first one originates from continuous distribution of the electric 

charge, and the second one from equivalent electrodes. Equivalent electrodes (EE) are 

appointed at the end of coaxial cable, where the edge effect exists. Equivalent 

electrodes are non limited cylindrical electrodes, having  radii equivalent to a square of 

segments wight, which replace these parts of cable termination. 

 

THEORETICAL APPROACH  
 

Using the Schwartz-Cristoffel’s transform and function of complex variable: 
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 for plan-parallel system (Fig.1), where jvuw +=  and jvuw −= , coordinates with 

electric potential u=ϕ , can be obtained. U  is voltage the coaxial cable is supplied by. 

It is possible to choose D = π  and U = π . For this case coordinates of  equipotential 

curves are: 

 x v uu= + −−e cos 1; y v vu= + −−e sin π . (2) 

If E
U
D0 = , the intensity of the electric field is 
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but electric field for normalized values D  and U  is 
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Equipotential contours ( .const=ϕ ) and electric field lines ( .constv = ) are shown in 

Fig.2. 
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 Fig. 1. Plan-parallel and cylindrical 
            electrode systems. 

Fig. 2. Equipotential curves and 
           electric field lines. 

 
Using adequate analogies between plan-parallel and axi-symmetrical electric systems, 

methods, experiences and results, which are very serious and detailed considered at 

plan-parallel systems, can be successfully extended for solving similar problems at axi-

symmetrical electric systems. 

It is possible to recalculate values for electric field and potential at cable terminations. 

This procedure is valid for cable joints determining, too, but at modeled cable 

terminations and cable joints, any other numerical method is recommended, for example 

EEM. 

Based on previous results, electric field intensity at the end of coaxial line can be 

determined: 
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where r0  is radius of inner conductor, R r D= +0  is radius of outer conductor, 
r r y= +0  is the distance between center lines, and 

 ρ =
D
R
r

ln
0

. (6) 



APPLICATION OF THE EQUIVALENT ELECTRODES METHOD 
 
EEM is applied on non-modeled (Fig.3) and modeled (Fig.4) cable termination. Firstly, 

electric potential and electric field components are calculated for plan-parallel 

”equivalent” of terminations (ends of strip lines). The next step is recalculation of their 

values for real cases. The distance between strip electrodes is d2 . 
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       Fig. 3. EE at the non-modeled 
                  cable terminations. 
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         Fig. 4. EE at the modeled 
                    cable terminations. 

 

Far away from the strip line ends (Fig.3 and 4) charge distribution is continuous. There is 

distributed positive charge on upper and negative charge on the lower conductor. 

Charge density per unit surface is constant in the distant regions from breaks, which are 

on the upper, and on the lower conductor, respectively: 

 0Eεη =    and   0Eεη −= . (7) 

where E U
d0 = . 

If it is presumed that such charge distribution is also in the surroundings of the line end, 

the approximate expression for potential will be: 
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On the basis of the expression for the potential, approximate expressions for electric 

field’s components are determined: 
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Charge distributions mentioned above, do not coincide with the real ones, because the 

boundary conditions are not satisfied, so consequently the conductors are not of 

constant potential. Due to this, additional expressions are superposed to the previous 

ones. 

If equivalent electrodes are used as additional elements, excellent results are obtained. 

Infinite linear electrodes are employed as equivalent electrodes, having cross section’s 

radius ee a
N
L

N
Lll

a =====
4444

11
1 , whose central lines are located at the places: 
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l
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where n N= 1 2,, ,L . 

Using the equivalent electrodes method, it is possible to determine electric potential, 
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and electric field components: 
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at arbitrary chosen point of the strip line end region. 

Relative charge is 
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where nq'  denotes the total uniform line charge density of the n -th equivalent electrode, 



ε  is permittivity of the medium,  
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is Dirac’s delta function. 

Table 1 shows obtained convergence of the results when the number of equivalent 

electrodes and the length of a strip line termination, which is being modeled by 

equivalent electrodes, are used as parameters. Electric potential and strength of electric 

field components are compared with values, obtained by using conformal map. For 

example, at the point dydx 33.0,108.0 == , potential is ϕ t U= 0 3. . The proper electric 

field components are dUEx 155001.0= and dUEy 029112.1−= .  

Better results are achived with a large number of EE (Tab. 2). In this case dl 4.1= . 

Table 1: Results obtained by using EEM with diferent 
EE number and diferent dl . 

Table 2: Results obtained by using EEM with 
diferent number of  EE and conformal mapping

l d
 

N  ϕ U  Relative 
error (%) 

E d Ux
 

E d Uy
 

1 10 0.30144 0.4798 0.1744 -1.0424 

2 20 0.30149 0.4991 0.1714 -1.0422 

3 30 0.30151 0.5037 0.1708 -1.0421 

4 40 0.30151 0.5058 0.1705 -1.0421 

 
N 

ϕ U  Relative 
error (%) 

E d Ux
 

E d Uy  

2 0.27248 9.17115 -0.068 -0.841 

5 0.30219 0.73303 0.208 -1.068 

10 0.30205 0.68349 0.186 -1.053 

15 0.30138 0.46134 0.170 -1.040 

20 0.30107 0.35679 0.163 -1.035 

30 0.30077 0.25710 0.157 -1.031 

40 0.30061 0.20601 0.155 -1.029 

60 0.30057 0.15051 0.155 -1.029 
 

 
In the case when 1n  equivalent electrodes are placed at the cable ends, an accurate 

result at one decimal digit is obtained. When 21nn  equivalent electrodes are placed at 

the cable ends, an accurate result at two digits is obtained, and similarly when l21 nnn K  

are used the accuracy of the results are at l  digits. 

Equipotential curves, near the cable end, are plotted in Fig.5. 

EEM can be successfully  applied on modeled (Fig.4) strip line termination, and obtained 

potential distribution is presented in Fig. 6. Terminated point of added plate is 

( )ddB ,5.0− . 
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Fig. 5. Equipotential curves at non 

   modeled terminations. 
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Fig. 6. Equipotential curves at  
          modeled terminations. 

 
CONCLUSION 

 
There is an analytical solution for electric field in the region near to strip line end. This 

analysis is carried out by EEM using. It is possible to recalculated those values into 

cable terminations ones. 

But, conformal mapping method is very complex for modeled cable terminations 

determining. Because of that, EEM is much applicable and gives better accuracy. 

Main advantages of the equivalent electrodes methods in comparison to all existing 

methods lie in the very high precision even in cases when relatively small number of 

equivalent electrodes is used. In a limit case when the number of the equivalent 

electrodes is very large (leads to infinity), results are absolutely accurate. 
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