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Abstract: Accurate and efficient computation of 
electrical parameters for different conducting 
bodies represents an essential part of spacecraft 
modern integrated circuits. In this paper, we will 
illustrate modeling of inhomogeneous quasi-
TEM shielded rectangular, cylindrical, and 
triangular transmission lines using the finite 
element method. We specifically determine the 
capacitance per unit length, inductance per unit 
length, and characteristic impedance of the 
shielded transmission lines. Excellent agreement 
with some results obtained previously is 
demonstrated.  
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1. Introduction 
 

Today, space development and production 
have rapidly increased.  This has led to 
significant interest in the evaluation of the 
electrical parameters such as capacitance, 
inductance, and characteristic impedance of 
different conducting structures located in free 
space due to their use in spacecraft. For example, 
the capacitance has been used in determination 
of spacecraft equivalent circuit models for the 
predication electrostatic discharge. Therefore, 
the improvement of accurate and efficient 
computational method to analyze the modeling 
of various shapes transmission lines such as 
rectangular, cylindrical, and triangular becomes 
an important area of interest in spacecraft 
technology.      

Previous attempts at the problem include 
using method of moments [1-4], analytical 
formulas and methods [5-6], surface charge 
method [7], method of subareas [8], and 
boundary element method [9]. We illustrate that 
our approach using finite element method (FEM) 
is suitable and effective as other methods for 
modeling of inhomogeneous quasi-TEM 

shielded rectangular, cylindrical, and triangular 
transmission lines. 

 In this work, we design shielded rectangular, 
cylindrical, and triangular transmission lines 
using FEM with COMSOL to calculate the 
capacitance per unit length, inductance per unit 
length, and characteristic impedance of the 
shielded transmission lines and then compare the 
results of our modeling with some previous 
works and methods. We use FEM in modeling 
the transmission line structures, because FEM is 
especially suitable for the computation of electric 
and electromagnetic fields in strongly 
inhomogeneous media. Also, it has high 
computation accuracy and fast computation 
speed.   
 
2. Discussion and Results 
 

Using COMSOL for modeling and 
simulation of the transmission lines involves 
taking the following steps. We develop the 
geometry of the line and take the difference 
between the conductor and dielectric material. 
We select the relative permittivity as 1.  For the 
boundary, we select the outer conductor as 
ground and inner conductor as port. We generate 
the finite element mesh, and then solve for the 
potential. As postprocessing, we select Point 
Evaluation and choose capacitance element to 
find the capacitance per unit length of the line. 
We use the results of our computation to find the 
inductance per unit length and the characteristic 
impedance. 

The inductance per unit length  and 
capacitance per unit length of a singe 
transmission line are related as 
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=oμ  permeability of free space or vacuum 

( , approximate value for problem 
work). 
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Also, the characteristic impedance Z and the 
capacitance per unit length are related as 
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 where  
u  = 3 X 108 m/s (the speed of light in vacuum). 

We use FEM with COMSOL, a multiphysics 
software, to compute the capacitance per unit 
length, inductance per unit length, and 
characteristic impedance of the shielded 
rectangular, cylindrical, and triangular 
transmission lines. 
 
2.1 Shielded Rectangular Transmission Line 
 

In this section, we illustrate the modeling of 
the shielded rectangular transmission line by 
focusing on the calculation of the capacitance per 
unit length, inductance per unit length, and 
characteristic impedance. Figure 1 shows the 
geometry of the model with the parameter 
values. From the model, we plot the contour plot 
of the potential distribution as shown in Figure 2. 
 

 
 
Figure 1. Cross-section of shielded rectangular 
transmission line. 
 

 
 
Figure 2. Contour plot of the shielded rectangular 
transmission line. 
 

Table 1 shows the finite element method 
results for the capacitance per unit length of the 
shielded rectangular transmission line compared 
with the pervious work using the eq. (3) of the 
capacitance, C as in [5].  We extend our 
computation by using eqs. (1)  and (2) to find the 
inductance and characteristic impedance as 
shown in the table.  They are in good agreement. 
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where  
C = capacitance per unit length of the rectangular 
transmission line 

oε = the permittivity of free space or vacuum 

( )K x′ = complete elliptic integrals of the first 
kind to the modulus x′   

( )K x = complete elliptic integrals of the first 
kind to the modulus x   
x′ = complementary modulus for x  = 1- x . 

 
Table 1: Values of capacitance (in pF/m), 
inductance (inμ H/m), and Characteristic 
Impedance Z  (Ω ) coefficients for the shielded 
rectangular transmission line 
 

 
 
 



 
2.2 Shielded Cylindrical Transmission Line 
 

In this section, we demonstrate the modeling 
of the shielded cylindrical transmission line by 
finding the capacitance per unit length, 
inductance per unit length, and characteristic 
impedance. Figure 3 shows the geometry of the 
model with the parameters values, while Figure 4 
shows the 2D surface potential distribution of the 
shielded cylindrical transmission line. 
 

 
 
Figure 3. Cross-section of shielded cylindrical 
transmission line. 
 
 

 
 
Figure 4. 2D surface potential distribution of the 
shielded cylindrical transmission line. 
 

Table 2 shows the finite element method 
results for the capacitance per unit length of the 
shielded cylindrical transmission line compared 
with the pervious work using the eq. (4) of the 
capacitance, C as in [6]. We extend our 
computation by using eqs. (1)  and (2) to find the 
inductance and characteristic impedance as 

presented in the table.  They are in good 
agreement. 
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where 
C = capacitance per unit length of the cylindrical 
transmission line 

oε = the permittivity of free space or vacuum 
 b = outer radius of the shield 
 a = inner radius of the conductor 
 
 
Table 2: Values of capacitance (in pF/m), inductance 
(inμ H/m), and Characteristic Impedance Z  (Ω ) 
coefficients for the shielded cylindrical transmission 
line 
 

 
 
2.3 Shielded Triangular Transmission 
Line 
 

In this section, we illustrate the modeling of 
the shielded triangular transmission line (annular 
triangular plate) by calculating the capacitance 
per unit length, inductance per unit length, and 
characteristic impedance. Figure 5 shows the 
geometry of the model with sides of 1mm for the 
outer triangle and 0.25 mm for the inner triangle 
sides, while Figure 6 shows the contour plot of 
the potential distribution of the annular triangular 
plate. 

 
 
Figure 5. Cross-section of shielded triangular 
transmission line. 



 
Figure 6. Contour plot of the shielded triangular 
transmission line. 
 

Table 3 shows the FEM results for the 
capacitance per unit length of the shielded 
triangular transmission line compared with the 
pervious work using eq. (5) of the capacitance, C 
as in [1]. We extend our computation by using 
eqs. (1)  and (2) to find the inductance and 
characteristic impedance as shown in the table.  
They are not in good agreement. 
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where 
V = the potential of a perfect conducting surface 

nσ = unknown charge density in subdomain n  

nA
n

= area of the source rectangle in subdoamin 
 

N = the total number of rectangular subsections 
 
 
Table 3: Values of capacitance (in pF/m), inductance 
(inμ H/m), and Characteristic Impedance Z  (Ω ) 
coefficients for the shielded triangular transmission 
line 
 

 
 

Figures 2, 4, and 6 present the potential 
distributions of inhomogeneous quasi-TEM 
shielded rectangular, cylindrical, and triangular 
transmission lines, respectively. These potentials 
are not mentioned or studied by other 
researchers; hence they can not be verified with 
other approaches.  The potential distributions 
show how the potential become smaller when we 

get farther from the selected input 
port/conductor. 

Tables 1, 2, and 3 present the comparison of 
the computation of capacitance, inductance, and 
characteristics impedance of the shielded 
rectangular, cylindrical, and triangular 
transmission lines, respectively. These tables can 
help the improvement of accurate and efficient 
computational method of the electrical 
parameters(C, L, and Z) in designing of modern 
integrated circuits of spacecraft. All methods 
considered and referred to in this paper are 
numerical solutions and there is no exact, 
analytical solution to compare with. 
 
3. Conclusions 
 

In this paper, we have presented the 
modeling of inhomogeneous quasi-TEM 
shielded rectangular, cylindrical, and triangular 
transmission lines. We computed the capacitance 
per unit length, inductance per unit length, and 
characteristic impedance of the transmission 
lines and identified their potential distribution.  
Some of results obtained efficiently using finite 
element method (FEM) for the electrical 
parameters agree well with those found in the 
literature. 
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