
13

Electrical Power Quality and Utilisation, Journal Vol. XV, No. 2, 2009

Methods for Canceling the Power Frequency  
Magnetic and Electric Fields at Pre-Specified  
Points on the Lines’ Corridors
Mohamed M. Saied
College of Engineering and Petroleum, Kuwait University

Abstract: Methods are presented for the cancellation of the power line’s  magnetic and electric fields 
at pre-specified points close to the line corridor. For canceling the magnetic field, three auxiliary 
conductors constituting two mitigating loops are used. Their configuration should be geometrically 
similar to the arrangement of the 3-phase power line’s  conductors, with respect to the point at which 
a zero magnetic field is required. A procedure is suggested for the optimal selection of the scaling 
factor  relating the power conductors’ and the mitigating conductors’ geometrical dimensions.  In a 
case study, the magnetic field reduction varies between 100% near the zero-field point to 35%  to the 
right of that point, with an optimal  scaling factor of 0.15. Similar procedure can be used for cance-
ling the electric field at a pre-specified point. The three auxiliary conductors should carry charges 
proportional to those on the active conductors, but of opposite signs. Results show that the field at 
the specified  point will be exactly zero, instead of the original value of  2.6kV/m. The three voltages 
required to supply the auxiliary conductors are 76.62, 62.53 and 51.50kV, with almost equal phase 
angles. The fact that the potentials of the three auxiliary conductors are almost in phase suggests the 
possibility of using one transformer with appropriate taps to supply them.
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1. InTRoducTIon

Mitigating the fields produced by overhead power lines 
is recently gaining more significance [1–18].  Efforts are 
continuously being done to maximize the utilization of the 
available line corridors without exceeding the tolerable field 
limits.

The linkage between the exposure to electromagnetic 
fields with leukaemia is addressed in [4]. In [5], the 
association between the exposure and possible health effects 
is documented.

The use of active conductors and passive shields for 
mitigating the magnetic fields is discussed in [6]. In [7, 8], 
techniques for reducing the hazards of power lines’ magnetic 
fields are compared. Reference [9] introduces the concept of 
current dipoles, and reports on an experimental transmission 
line of single- and double-circuits. The study [10] reviews 
the field reduction techniques and experiences pertinent to 
problems appearing in schools and kindergartens.   

This paper presents methods for canceling  the power 
line’s  magnetic or electric fields at pre-specified points 
close to the line corridor, based on the use of three auxiliary 
conductors. Their configuration should be geometrically 
similar to that of the 3-phase power line’s  conductors, with 
respect to the point at which a zero magnetic or electric field 
is required. 

For canceling the magnetic field, the terminations of 
the mitigating conductors should be selected such that the 
auxiliary wires carry balanced  reduced 3-phase currents, 
driven by low voltages resulting from the magnetic induction. 
Moreover, the paper addresses the proper selection of the 
mitigation parameters such as the scaling factor relating 
the power conductors’ and the mitigating conductors’ 
geometrical dimensions.  

A similar method will be presented for canceling the 
electric field at pre-specified points. Geometrically similar 
auxiliary conductors will be so selected, placed and supplied 
by voltage sources  such that they will carry electric charges 
proportional to those on the power lines’ conductors, but of 
opposite polarity. The proportionality factor should be equal 
to the geometrical scaling factor.

2. The  SuggeSTed  PRoceduRe   
To  MITIgATe  The  MAgneTIc  FIeld

Referring to Figure 1, the magnetic field due to the 
conductor carrying the current i at an observation point P at 
a distance D  is:
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directed upwards, while the field due to the other conductor 
carrying the current  –f. i at the same observation point P at 
a distance f.D  is: 
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Accordingly, the magnetic fields of the two currents will 
cancel each other at the point P. 

Extending the procedure to a 3-phase line whose 
conductors (a, b and   c) carry balanced currents, mitigating 
conductors (am, bm and cm) should be placed as indicated 
in Fig.2. Their locations should satisfy the condition that the 
separations between the point P and the mitigating conductors 
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are shorter by the factor  f compared to the separations from P 
to the corresponding active conductors. This is only possible, 
if the conductors’ configuration is geometrically similar to 
the arrangement of the power line’s conductors, with respect 
to the point at P. 

3. cASe  STudy

Above procedure is applied to a 3-phase line carrying 
balanced currents of magnitude 1500A, and having the 
following data, [1]:

Conductors’ height    = 19.8m  —
Horizontal spacing between phases = 15m —

The origin (0, 0) is at the ground level exactly below the 
conductor b. The total magnetic field at the point (40m, 0) 
is required to be zero. The fraction  f  is assumed 1/3. The 
total magnetic field at any point (x,y) is:
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are the magnitudes of the total horizontal and vertical field 
components.   

Figure 3 shows the unmitigated field in the vicinity of 
the power line. At the ground level (y = 0), the field has 
its maximum value  11A/m at the tower centerline (x =0), 
then decreases with the distance x, declining to  3.4A/m and 
0.6A/m at x=40m and x=100m, respectively.  

Figure.4 depicts the mitigated field. With a scaling factor  
f =1/3 , the heights of mitigating conductors are  f.h = 6.6m. 
With mitigation, the region of strong field is more confined 
around the power conductors. Nevertheless, another field 
concentration resulted around the mitigating conductors. 
Conditions at the ground level are shown in Fig.5. The field 
increased near the tower centerline, assuming a new higher 
peak value of about 15.5A/m at x ≈20m. 

Details can be seen in Figure 6 in the range 30≤ x≤100m. 
The mitigated field (thick curve) shows an exactly zero 
field at x =40m, as required. Both distributions coincide 
if  x ≥100m, e.g. field has been reduced by about 50% at 

Fig. 1. Magnetic fields H1 and H2 due to two conductors carrying the 
currents i and  -f.i at distances D  and   f.D, respectively

Fig. 2. Conditions for canceling the field at P due to the active conductors (a, b and c) of a 3-phase power line by placing the mitigating conductors (am, 
bm and cm)
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the location x ≈50m. Figure 7 gives more details about the 
field reduction near  the point (40m,0) at which the total 
field is forced to zero. The z-axis of the 3-D plot gives the 
field ratio (Hmitigated/Horiginal) in %. The reduction varies 
between 100% near  (40m, 0) to 35% far to the right of that 
point. Except for the region close to x=50m, the reduction 
is independent on  y.

To assess the mitigation effectiveness, the decrease in the 
area under the curve giving the field distribution over the 

Fig. 3. The unmitigated magnetic field distribution

Fig. 4. The field distribution with  mitigation 
Top:  3-D plot             
Bottom: Contour plot with co-ordinate x given on the horizontal axis, and 
y indicated on the vertical axis. The brightness is proportional to the total 
field H(x,y).

Fig. 5. Original (thin curve) and the modified (thick curve) field distributions 
on the ground level in the range -100≤ x≤100m. f =1/3.

Fig. 6. Original (thin curve) and modified (thick curve) field distributions 
on the ground level in the range 30≤ x≤100m. f =1/3.
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Fig. 7. The magnetic field ratio  
Top:  3-D plot             
Bottom: Contour plot with the co-ordinate x is given on the horizontal axis, 
and y indicated on the vertical axis. The brightness is proportional to the 
field ratio.
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range  40m ≤  x≤150m ( denoted  Exposure Integral), can 
be utilized. The material cost of the mitigating conductors 
is proportional to the mitigating current or  f. This is also 
applicable to their copper losses. Hence, a meaningful figure 
of merit for comparing different values of  f  should be the 
(reduction in Exposure Integral / f). From Figs.8 and 9, large 

values of  f  will lead to a better mitigation. However, this will 
require more expensive mitigating conductors. They should 
be put closer to the power conductors, implying probable 
issues regarding conductor clearances. The figure of merit 
depends on  f  as in Fig.10 for  0≤f≤0.5, indicating the best 
value  f ≈ 0.15. 

4.  The  SuggeSTed  PRoceduRe   
To  MITIgATe  The  elecTRIc  FIeld

As in Figure11, the line charges q  and –f.q   at distances  
D and f.D , respectively, will produce two electric fields   at 
the pre-specified point P. They are equal in magnitude and 
in opposite directions, i.e. canceling each other.

Figure 12 shows how this procedure can be applied to 
a 3-phase line. If conductors  a, b and c  of the power line 
are carrying the indicated  charges , then the 3 mitigating 
conductors, denoted  am, bm and  cm will be so selected, 
placed and supplied such that they will carry charges 
proportional to those on the power lines’ conductors, but of 
opposite polarity. The computational steps are summarized 
in Figure 13.  

Figures 14 and 15 illustrate the modification in the 
field distribution for  -100≤ x≤100m, and  35≤ x≤100m, 
respectively. As assumed, the field at x=40m is exactly zero, 
instead of the original value 2.6kV/m. Fig.16 illustrates 
the potential distribution in the presence of the mitigating 
conductors. Fig.17 gives more details in the region around 
the auxiliary conductors. The three peaks at the conductor 
locations give the (generally unequal) potentials assumed 
by these conductors. The results are summarized in Table 
I. The active conductors constitute a balanced three phase 
system with a phase value 433kV. Their charges are slightly 
different. The charges on the mitigating conductors are f 
times these values and of opposite phases. The potentials 
of the auxiliary conductors am, bm and cm are 76.62, 62.53 
and 51.50kV. The corresponding phase angles are   129.1, 
129.5 and 129.7 degrees. The 60-Hz apparent powers needed 
for supplying them are 35.56, 31.68 and 23.90 VA/meter, 
respectively. The total apparent power is therefore 91.14 VA/
meter. Since the potentials of the three auxiliary conductors 
are almost in phase, the possibility of using one transformer 
with appropriate taps to supply them should be explored.

5.  concluSIonS

A method is presented for canceling the power line’s  —
magnetic field at pre-specified points close to the line 
corridor, based on the use of 3 auxiliary conductors 

Fig. 8. Modified field distributions on the ground level in the range 
-100≤ x≤100m for different scaling factors f. Curves are given for
 f =0.1 (thinnest), f =0.2, f =0.3, f =0.4, f =0.5(thickest).

Fig. 9. Modified field distributions  in the range -20≤ x≤100m for 
different values of  f. Curves are given for f =0.1 (thinnest), 
f =0.2, f =0.3, f =0.4, f =0.5(thickest).

Fig. 10. The figure of merit (Reduction in the Exposure Integral /f)  
versus  f.

Fig. 11. Electric fields E1  and E2 due to two line charges q and  -f.q at 
distances  D  and   f.D, respectively
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Fig. 12. Conditions for the canceling the electric field at the point P due to the active conductors (a, b and c) of a 3-phase line by placing the mitigating 
conductors (am, bm and cm).  The conductor images are also indicated.

Fig. 13. Flow Chart For Calculating The Electric Field And Potential.

Fig.14: Original (thin curve) and the modified (thick) electric field 
distributions on the ground level in the range -100≤ x≤100m. f =0.2.



18 Power Quality and Utilization, Journal • Vol. XV, No 2, 2009

constituting 2 mitigating loops. Their configuration 
should be geometrically similar to that of the 3-phase 
power line’s  conductors. 
With mitigation, the region of strong field is more  —
confined around the power conductors. Nevertheless, 
an additional field concentration resulted around the 
mitigating conductors.  

Fig. 15. Original (thin curve) and  modified (thick) field distributions on the 
ground level in the range 35≤ x≤100m. f =0.2

Fig. 16. The potential distribution with  mitigation 
Top:  3-D plot             
Bottom: Contour plot with the co-ordinate  x  on the horizontal axis, and 
y on the vertical axis. Brightness is proportional to the potential at (x,y), 
f =0.2.

Fig. 17. The potential distribution with  mitigation 
Top:  3-D plot             
Bottom: Contour plot with the co-ordinate x on the horizontal axis, and 
y on the vertical axis. Brightness is proportional to the potential at (x,y),  
 f =0.2.

The field reduction varies between 100% near the zero- —
field point and 35% far to the right of that point. 
Since both the material and energy loss cost of the  —
mitigating conductors are proportional to the scaling 
factor f, a figure of merit is defined as (The reduction 
in the Exposure Integral / f). For the considered power 
line, the best value of  f  is 0.15.
Similar procedure was applied to cancel the electric  —
field at the pre-specified point x =40m on the ground 
level. Results show that the mitigated electric at that 
point is exactly zero, instead of the original value of 
about 2.6kV/m. 
The three voltages required to supply the auxiliary  —
conductors are 76.62, 62.53 and 51.50kV.  The one 
closest to the pre-specified point of zero field will need 
the lowest supply voltage.
The phase angles of the mitigating conductors’ potentials  —
are almost equal: 129.1, 129.5 and 129.7 degrees. The 
total 60-Hz apparent power is 91.14 VA/meter. 

8. The fact that the potentials of the auxiliary conductors 
are almost in phase suggests the use of one transformer with 
appropriate taps to supply them.
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Table 1. Electric charges, potentials and the phase angles of the potentials of the main mitigating conductors

conductor x  
[m]

y  
[m]

charge  
[micro col. per m]

Potential  
[kV]

Potential  
[Phase Angle]

Power Conductor a –15 19.8 6.156 433 0

Power Conductor b 0 19.8 6.720 433 –120

Power Conductor c 15 19.8 6.156 433 +120

Power Conductor am 29 3.96 1.231 76.62 +129.1

Power Conductor bm 32 3.96 1.344 62.53 +129.5

Power Conductor cm 35 3.96 1.231 51.50 +129.7
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