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Abstract— The power line has been extensively studied as the media for broadband data communication over the band of frequencies up 
to 30 MHz.  This requires mains injected radio frequency levels that are Electromagnetic Compatibility (EMC) critical, with common-mode 
currents on wires. Power line cables are often unshielded, thus becoming sources and targets of electromagnetic interferences (EMI).  
Phase 1 of NTIA’s study addresses issues deemed most important to formulation of a regulatory framework that would limit the risks of 
local interference from outdoor elements of power line systems. This paper represents a theoretical model for electromagnetic interference 
from power lines in the near field. Simulated results using MATLAB can be considered as a good approximation to find out the near-field 
values and it can be deduced that the deployment of power lines for broadband services will not cause much debated interference 
problems for the radio receivers placed in the near field. 

Index Terms— Broadband over Power lines (BPL), Broadband Fixed Wireless Access (BFWA), Digital Subscriber Line (DSL) 
Electromagnetic Compatibility (EMC), Electromagnetic Interference (EMI), Federal Communications Commission (FCC),National 
Telecommunications and Information Administration (NTIA), Power Line Communication (PLC), Radio Frequency Interference (RFI). 

——————————      —————————— 

1 INTRODUCTION                                                                     
 ower line communication is not a new idea, as several 
power utility companies have used power lines for a cou-
ple of decades for narrowband applications such as meter-

ing & control. In the past few years however, there has been a 
renewed interest in the possibility of exploiting power line 
cables as a broadband communication medium for several 
important applications like broadband internet access, in-
vehicle data communication, indoor wired LAN for residential 
& business premises. 
  

The basic rationale for such enthusiasm is that the power 
gird provides an infrastructure that is much more extensive 
and pervasive than any other wired alternative, and that vir-
tually every line-powered device can become the target of 
value added services [1] .Therefore, PLCs can be considered as 
the technological enabler of a plethora of future applications 
that would probably not be available otherwise. PLC refers to 
a variety of broadband services provided over the electric 
power gird .PLC opens up a new communication infrastruc-
ture as electricity is more prevalent in homes than telephone 
lines. Along with telephones (via DSL) and BFWA type of 
technologies, PLC offers an alternative for the last link for the 
delivery of broadband services. 

The concept of running data over electric wiring is not new. 
PLC technology has been around since the 1950’s power com-
panies have been using PLC to send control messages & had 
been limited to low data rates for the power company’s own 
internal applications [2]. It was never seriously thought of as a 
medium for communications due to its low speed, minimal 
functionality & high deployment cost. The major challenge 
was trying to use the same wire that carries strong current, to 
also accommodate data signals .However, new modulation 
techniques supported by recent technological developments 
have finally enabled the power line to become a means for 
high speed for, broadband communications over low & medi-

um voltage lines. 
 
Technologically, BPL works as a means of high speed inter-

net access and BPL has a number appealing features, including 
transmission speeds that can be higher than cable and DSL. 
With BPL, both uplink and downlink speeds are equally fast, 
making it a better option when compared to the slower uplink 
speeds of cable and DSL. BPL can help utilities with activities 
such as automated outage detection and restoration confirma-
tion .BPL can be less expensive than satellites. Moreover, the 
equipment needed to set up PLC in the home is cheaper on av-
erage than that of other broadband solutions such as DSL and 
Cable modem. PLCs outperform its competitors with speeds of 
up to 14 Mbps [3]. 

Despite all this recent enthusiasm, there is still some skepti-
cism about the technology and its commercial viability. Among 
the main technical challenges of PLCs, we have: The power line 
channels are very harsh and noisy transmission medium that is 
very difficult to model. The power line channel is frequency 
selective, time varying and is impaired by colored background 
noise and impulsive noise. Moreover power line cables are often 
unshielded, thus becoming both sources and targets of capital 
EMI, last but not the least; regulations about EMC differ on 
country by country basis. EMC is a key issue in determining the 
deployment of BPL. Perhaps the major obstacle to ubiquitous 
deployment of BPL is high frequency radio frequency interfer-
ence (RFI). The deployment of BPL can create RFI which is det-
rimental to users of these high frequencies, which consist of 
amateur HAM radio operators, emergency and public safety 
frequency and short wave channel users. RFI is not only a tech-
nical challenge but also a great political significance as the li-
censed HAM radio frequency users are among the most affect-
ed and most vocal in their criticism of BPL. 

The notice adopted by the Federal Communications Com-
mission (FCC) [4] proposes that BPL devices use technologies 
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that lessen the possibility of interference. BPL vendors such as 
Amperion and Current Technologies have begun offering BPL 
services in limited areas. National Telecommunications and 
Information Administration (NTIA) phase 1 study [5] found 
that greatest interference risks stem from compliance meas-
urement provisions. Irregular spatial distribution of field 
strength greatly complicates compliance measurements.  

 A practical compliance measurement procedure for Access 
BPL systems can reliably identify the field strength level that 
is not exceeded at 80% of possible receiver antenna locations at 
the specified measurement distance from the radiating struc-
ture --- this is the procedure that was specified in the FCC re-
port [4] and order. Practical and technical considerations dic-
tate that BPL compliance measurements can be made in the 
near field. NTIA’s BPL measurements [5] and NEC radiation 
models both manifest near field behavior at large distance 
(over 300 mts) in many directions from BPL system. In many 
cases, the field strength at large distance in the near field is at 
levels too low for reliable measurement. In this paper we de-
veloped a theoretical model of electromagnetic interference 
from power lines in the near field. In this model, the character-
istics impedance and the propagation constant of the power 
line are derived based on the transmission line theory using 
the concept of distributed parameters. The currents along the 
power-line conductors can then be calculated so that the radi-
ated emission can be established using the model. Then the 
estimated fields were cross-checked from the available data 
from NTIA’s phase1 study [5]. Finally the calculated field val-
ues were compared to the extrapolated far field values [6] and 
from the FCC standard (part 15) [4]. 

 

2 CALCULATIONS  
 
The geometrical configuration of power line is shown in Fig-
ure 1. The characteristics impedance and the propagation con-
stant of the Power line are derived using the two-wire trans-
mission line theory. For a two-wire transmission line, we have 
the distributed parameters per unit length at high frequencies 
as follows [7]: 

 
Resistance  

 
Inductance 

 
 
Conductance  
 
 
Capacitance 
  
 
The characteristics impedance and propagation constant  
as follows: 
 
 

 
 
 
 
 
 
Where, 
 
δ =skin depth of the conductor = 1/ c cfπ µ σ  
 a = radius of the line 
 d = separation between the wire 
 ω = 2πf, f is frequency of the signal 
 ε = permittivity of the surrounding media (air) 
 σ = conductivity of the dielectric filled between the wire (air) 
 σc = conductivity of the copper wire 
 Zo = characteristics impedance of the wire 
 γ = propagation constant of the wire 

 
For each line LC=µε  and G/C= /σ ε , the conductors are 
characterized by , ,c c c oσ µ ε ε=  and the homogenous dielec-
tric separating the conductors is characterized by , , .σ µ ε [7]. 
 
To determine the radiated field we replaced the coupler in se-
ries with the center segment of the wire by equivalent source 
impedance. The current distribution was assumed constant 
and depends only on the voltage applied and the equivalent 
input impedance. 

 

 

 

 

 

 

                      
Fig 1. Power line configuration 
 
To derive the fields, the first thing is to specify the current dis-
tribution which is of the form:  
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Then, the vector potential A is determined using the following 
formula: 
                  
 
 
 
 This gives the value of the vector potential as: 
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Then, the magnetic field vector H is determined using the 
formula: 

             
       
                              

 
This gives the H- field as: 
                
                    
 
Finally, from this H-field E-field are calculated as follows: 
            
                     

 
That gives the E- field values as: 

 

 
 
 

 
Breaking the E-field in the Cartesian Co-ordinate, we get  
the following results: 
 

 
 
 
The far-field model can be given as [6]: 
For Differential mode excitation- 

 

 

 
 

 
 
 
 
 

 
 
 
 

 

 

 

 

 

 

 

 

 
 
   
 
 
 

 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

 

3  RESULTS 
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 The above derived model is compared with the data given 
  in NTIA’s phase I study [5]. To obtain simulation result 
 the used paparameter values are given below : 
  2a=0.01 m, 
  Length (l) = 100m, 200m and 340m 
  f = 2, 10, 40 MHz 
  Separation between the power lines(s) = 0.6m 
  Voltage Source = 1V  
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For Common mode excitation- 
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Table 1: Electric field (Ey) in the plane y=6.5 

 
 
 
 

Table 2: Ez values in the plane y=6.5 along and near the       
              power line 

 
 
 
 
 
 
 
  

 

 

 

 

 

 

 
 

 
 

 

Table  3: Electric field values (Ex) in the plane y=6.5 m 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Fig 2. Different field patterns for ZS=150 ohm &  Zl=575 ohm 
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      4. CONCLUSION   
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From the simulation results shown in Fig. 2 we can say 
that the model is very accurate in predicting the near 
field values. Hence the model can be considered as a 
good approximation to find out the near field values. 
Henceforth , we have seen how BPL has become the 
latest incarnation of attempts to utilize power transmis-
sion and distribution infrastructure for electronic com-
munications .Taking all the above factors it can be de-
duced that most of the  power is radiated in the far-
field and hence radio receivers placed in the near- field 
will not be affected much. 
 
Since, along the power line electric field is maximum, 
where no receiver will be placed so no need to consider 
that field (Table 2). 
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