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ABSTRACT 
 

In this paper, we present an integral equation describing the antenna-mode currents along a two-wire transmission line. 
When the cross-sectional dimensions of the line are electrically small, the integral equation reduces to a pair of 
transmission-line-like equations with equivalent line parameters (inductance and capacitance). The derived equations 
make it possible to compute the antenna-mode currents using a traditional transmission-line code with appropriate 
parameters. The derived equations are tested versus numerical results obtained using NEC, and good agreement is 
found. 
 
INTRODUCTION 
 

Transmission Line (TL) theory is a useful tool for the analysis of surge propagation along transmission lines. One of the 
basic assumptions of the TL theory is that the sum of the line currents at any cross section of the line is zero. Assuming 
that the sum of all currents is equal to zero, we only consider ‘transmission line-mode’ currents and neglect the so-
called ‘antenna-mode’ currents (e.g. [1,2]). For a line consisting of a single conductor above ground, the quasi-
symmetry due to the presence of the ground plane results in a very small contribution of antenna-mode currents and, 
consequently, the predominant mode on the line will be the transmission line mode [1]. For a two- (or multi-) conductor 
line, however, even for electrically small line cross-sections, the presence of antenna-mode currents implies that the 
sum of the currents in a cross section is not necessarily equal to zero [1,2]. If we desire to compute only the load 
responses of the line, consideration of only the TL model current is adequate, since the antenna-mode current response 
is small near the ends of the line. On the other hand, if we wish to evaluate the current along the line, the presence of 
antenna-mode currents needs to be taken into account, even for electrically small line cross sections. Therefore, to 
compute the fields radiated by power line communication signals from indoor low-voltage power lines or radiated 
emissions from printed circuit boards, one must take into account the contribution of the antenna-mode currents as these 
are often the predominant source of radiation.  
To evaluate the antenna-mode currents, one has to apply general scattering theory. Recently, an integral equation 
describing the antenna-mode currents along a two-wire transmission line has been derived [3]. When the line cross-
sectional dimensions are electrically small, the integral equation reduces to a pair of transmission-line-like equations 
with equivalent line parameters (inductance and capacitance per unit length). The derived equations make it possible to 
compute the antenna mode currents using a traditional transmission-line code with appropriate parameters. The aim of 
this paper is to test the accuracy of the derived equations by comparison versus numerical results obtained using the 
Numerical Electromagnetics Code (NEC2) [4]. 
 
INTEGRAL EQUATIONS FOR TRANSMISSION LINE MODE AND ANTENNA MODE CURRENTS 
 

Consider a two-wire line of length L in free space, as shown in Fig. 1. The two conductors are separated by a distance d. 
The line is illuminated by an external electromagnetic field. The currents along the two conductors I1(z) and I2(z) can be 
decomposed as follows 
 

 )()()(1 zIzIzI tla +=    (1) 

 )()()(2 zIzIzI tla −=    (2) 
 
where Ia(z) and Itl(z) represent the antenna-mode and transmission-line-mode currents, respectively. 
In [3], specific integral equations have been derived for both transmission line mode and antenna mode currents. These 
equations, written in a TL-like form are as follows. 
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Antenna Mode Current 
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in which the Green’s functions are 
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and )(zV s  and )(zV s
a  are the scattered voltages associated respectively with the transmission line mode and the 

antenna mode, defined as 
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where Φ  is the retarded scalar potential. 
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Fig. 1. Two-wire system in presence of an external electromagnetic field 

 
SOLUTIONS FOR LINES WITH ELECTRICALLY-SHORT CROSS-SECTIONS 
 

Under the TL approximation, it can be readily shown [5] that equations (3) and (4) reduce to the field-to-transmission 
line equations of Agrawal et al. [6]. For the antenna mode currents, it has been shown [3] that (5) and (6) reduce to 
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where L'a and C'a are the equivalent per-unit-length inductance and capacitance for the antenna-mode current, 
respectively, given approximately by [3] 
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SIMULATIONS AND COMPARISON WITH NEC 
 
The proposed pair of transmission-line-like equations (9) and (10) for the computation of antenna-mode currents are 
tested here versus numerical results obtained using the Numerical Electromagnetics Code (NEC) [7]. The derived 
equations (9) and (10)  are solved using a conventional transmission line code (e.g. [1]). The inductance and capacitance 
associated with the antenna-mode currents are determined using the approximate expressions (11).  
We will consider a two-conductor line (as in Fig. 1) characterized by L = 31 m, d = 0.2 m, a = 1.5 mm. The wires are 
assumed to be perfectly conducting and the load impedances at the 0=z  and Lz =  ends are taken to be 

Ω== 29321 ZZ , which is approximately equal to one-half of the characteristic impedance of the line. This structure 
is excited by an incident plane wave that propagates in the plane of the line and strikes the line with an angle of 
incidenceψ .  
Fig. 2 presents the computed results for the transmission-line mode and antenna-mode current magnitudes along the 
line, for a frequency f = 20 MHz and for the angle of incidence o45=ψ . Fig. 3 presents similar results, but for an angle 

of incidence o90=ψ  and a line length L = 41 m. In the same figures, we have also represented the transmission line 
mode current magnitudes calculated using both NEC and the TL approximation. It can be seen that the results obtained 
the proposed approach are in reasonably good agreement with those obtained using NEC. It is also worth noting that, 
even for the considered low frequencies, the antenna-mode currents are much larger than the transmission line mode 
currents. 
 
CONCLUSIONS 
 

We have presented integral equations describing the transmission line and antenna-mode currents along a two-wire 
transmission line. When the line cross-sectional dimensions are electrically small, the integral equation for the antenna 
mode current reduces to a pair of transmission line-like equations with equivalent line parameters (per-unit-length 
inductance and capacitance). The derived equations make it possible to compute the antenna mode currents using a 
traditional transmission line code with appropriate parameters. The derived equations were tested versus numerical 
results obtained using NEC and good agreement was found. 
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Fig. 2. Computed results for the transmission line mode and antenna mode current magnitudes along a 31-m long line, 

for an angle of incidence o45=ψ and f = 20 MHz. 
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Fig. 3. Computed results for the transmission line mode and antenna mode current magnitudes along a 41-m long line, 

for an angle of incidence o90=ψ and f = 20 MHz. 


