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The study presents in a tutorial manner methods of the calculation of magnetic fields in 
vicinity of overhead electric power lines without and with mitigation loops. Exact and 
simplified methods of the determination of the magnetic field of a straight overhead 
conductor based on the Fourier transform technique are presented. The decomposition of 
the magnetic fields in two components: magnetic field obtained in free space from the 
Biot-Savart law and the magnetic field produced by earth current is discussed. It is shown 
that in practical cases the effects from earth currents can be neglected as compared with 
effects from line currents.

Moreover the mitigation effects due to the passive loop are also investigated, whereas 
the mitigation loop can be treated as a rectangular loop (two-conductor closed mitigation 
loop) located near the power line horizontal or non-parallel to the earth surface.
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1. Introduction

Transmission o f  the electric power is accompanied with generation o f  low -  
frequency electromagnetic fields. Nowadays o f  special concern is the possibility o f 
detrimental environmental effects arising from the electrical and magnetic fields 
formed adjacent to the overhead transm ission lines. These fields m ay affect both 
operation o f  near electric and electronic devices and appliances and also various 
living organisms.

The topic o f  mitigating the m agnetic fields produced by overhead pow er lines is 
gaining more significance in recent years. In this context, efforts are continuously 
being done in order to maximize the utilization o f  the available line corridors 
w ithout exceeding the tolerable limits o f  the lines’ magnetic fields.

There are several possibilities to mitigate the field from existing or new 
overhead lines, e.g.: increasing the height o f  conductors, phase rearrangement, 
compaction, splitting o f  phases, underground cables, gas-insulated lines, passive 
shields (ferromagnetic and conductive), etc.

During the last decades, the use o f  conductive shields (passive non
compensated or series capacitor compensated loops) to mitigate extremely low 
frequency m agnetic fields generated from pow er lines has been proposed [1 -  15].
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Their behavior principle is based on the electromagnetic induction law: time 
varying, primary magnetic fields, generated by AC sources, induce electromotive 
forces driving loops currents -  additional field sources, which modify and reduce 
the primary m agnetic field.

In the study exact and simplified methods o f  the determination o f  the magnetic 
field o f  a straight overhead conductor based on the Fourier transform  technique are 
presented. It is shown that in practical cases the effects from earth currents can be 
neglected as compared with effects from line currents. Simplified m agnetic field 
computation techniques assume that the current carrying power line conductors are 
straight horizontal wires o f  infinite length located in free space and the magnetic 
field under the pow er line can be obtained from the Biot-Savart law.

M oreover the mitigation effects due to the passive loop are also investigated, 
whereas the m itigation loop can be treated as a rectangular loop (two-conductor 
closed mitigation loop) located near the power line horizontal or non-parallel to the 
earth surface.

2. Magnetic field of a straight overhead conductor

2.1. Exact method (Fourier transform technique)

An infinitely long conductor is placed at height hk above the earth surface, Fig. 
1, and carries the current, which flows in direction o f  the x-axis. The current varies 
with the time as exp(ja t)  where a  is the radian frequency. The x, y  plane is 
considered to be the earth surface. It is assumed that the earth is an isotropic, 
homogeneous medium o f  finite conductivity y. The m agnetic permeability o f  the 
soil and o f  the air is f i0. The displacement currents in both regions: the air and the 
earth are neglected.
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Fig. 1. An infinitely long current carrying conductor above the earth surface

The vector potential o f the electromagnetic field has the x  -  com ponent only 
denoted A x(y, z) which satisfies the following equations:
-  the Poisson equation in the air:
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-+
dy 2  dz 2

the Helmholtz equation in the earth:

d 2  Ax (y , z ) + d 2  Ax (y , z)

= - A) -  y k ) ( z  -  hk )

, = k  2  (y , z)

( 1)

(2 )
dy 2  dz 2

where: ¿>- Dirac delta function, k2=ja>y,0y.

The vector potential A  in the air can be obtained i f  the Fourier transform  is 
used and the boundary conditions in the system considered expressing the 
continuity o f  the normal com ponent o f  the m agnetic flux density and the tangential 
components o f  the m agnetic as well as electric intensities are taken into account.

Hence the x  -  component o f  the vector potential in the air can be written in the 
form:

Ax (y, z  ) = M  J
2 n  i

e~uV - h\ ( u - a ) e ~ u( z+h )
- + -

u(u + a )
cos [(y  -  yk )u ] u  (3)

where:

a  = yj u 2  + k 2  (4)
It should be noted that the formula (3) is the same that obtained by Carson [17].

The m agnetic flux density B  can be obtained from the equation:

B = rot A  (5)
In the case considered:

d d
B  = e y — A (y , z ) -  ez — A (y , z )

dz dy
( 6 )

where ex , ez are the unit vectors in the direction x  and z respectively.
From eqns (6 ) and (3) two components o f the magnetic flux density in the air 

(z > 0 ) become:

-u\z-ht \ + (u -a )e ~ u(z+hk)

u + a

-u\z- hJ , (u - a ) e _u(z+hk y

cos [(y  -  yk )u ] u

+-
u + a

sin[( y  -  y k )u ] u

Taking into account the formulas (3.893.1) and (3.893.2) in [18]:

J  e~px cos(qx)dx =

(7)

(8 )

( 9)

u
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|  e px sin(qx)dx =

each com ponent o f  the m agnetic flux density can be split in two terms:

By ̂  z ) = Byu (y , z )+  Bye (y , Z )

B z  z ) = B zu (y , z ) + B ze (y , Z )
The first term  Byu(y, z) given by the relationship

B yu (y .Z ) = -
z  -  h.

2 n  {z -  hk ) 2  + (y -  y k ) 2

( 1 1 )

( 1 2 )

(13)

( 10)

can be interpreted as the y  -  com ponent o f  the magnetic flux density produced by 
current carrying infinitely long conductor in a free space environm ent (air), which 
can be directly obtained from the Biot-Savart law.

The second term  Bye(y, z ) denotes the y  -  com ponent o f  the magnetic flux 
density produced in the air by currents flowing in the earth, which can be extracted 
from (7 ) and it can be written in algebraic form:

(y. z ) = U

z + h,

( z + h ) 2  + (y  -  y k )2

■+

-  j  2  k| j  n(n -  a)e Z+h, )\k\n cos [(y  -  y k)|k|n]dn

(14)

Similarly, in the relation (12). B zu(y, z) denotes the z -  com ponent o f  the 
m agnetic flux density produced by current carrying infinitely long conductor in 
homogeneous medium (air):

B zu (y .z ) =
y  -  yk

2 n  (z  -  hk ) 2  + (y -  y k ) 2

(15)

W hereas Bye(y, z) denotes the z -  com ponent o f  the m agnetic flux density 
produced in the air by currents flowing in the earth, which can be calculated from
( 8 ), and it can be written in algebraic form:

Bze (y .z ) = 2 n

(y  -  y k )

( z + hk ) 2  + (y  -  y k ) 2

-+

+

+

2 k| j  nbe (z+ht )kn sin[(y  -  y k ) k|n]dn +
o

j 2 |k| jn (n  -  a)e (z+ht sin[(y  -  y k) k|n]dn

(16)
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The formulas (14) and (16) are obtained from (7) and ( 8 ), i f  the relationships 
(17 -  20) are used:

u = |k|n (17)

V n 2  + j  = a + jb  (18)
where:

a =
yin4 + 1  + n 2

b =
-Jn4 + 1  -  n 2

(19)

(2 0 )
2

The magnitude o f  the m agnetic flux density:

B (y , z  ) = V tByŷ z) )^ " (y zŷ zj)i  (21)

Denoting:

Bu ^ , z  )= yj(Byu ̂ , z  ))2 + y zu ̂ , z  ))2 (22)

Be (y , z ) = ^ ( Bye ( ,  z j f  + ( ze ( ,  z F  (23)

the proportion o f  the magnitudes obtained from relationships (2 2 ) and (2 3 ) to the 
total magnitude o f  the m agnetic flux density described by eqn. (2 1 ) can be 
evaluated. For the system shown in Fig . 1  the calculations have been curried out for 
the unit current I  = 1 A (yk = 0) in the observation point y  = 0, z  = 0. D ifferent 
values o f  the earth conductivity: y = 10-1; 10-2; 10- 3  S/m and heights o f  the 
conductor: hk = 5,5; 10 m have been considered. The M athCad 2000 has been used. 
The results o f  the calculations are shown in the tables 1 and 2.

It follows from the results shown in the tables, that in practical cases the 
influence o f  the earth currents on the magnetic field under power lines is 
insignificant and can be neglected.

Table 1. Proportion of the magnitudes Bu(0, 0) and Be(0, 0) in the magnitude of the total 
magnetic flux density B(0, 0) and the ratio Be(0, 0) / Bu(0, 0) on the ground level

for h = 5,5 m

2

Y
S/m B Bu Be Be /  Bu

1 0 -1 1 0 0  % 98,40 % 2,17 % 0 , 0 2 2

1 0 ' 2 1 0 0  % 99,48 % 0,71 % 0,007

1 0 ' 3 1 0 0  % 99,83 % 0,23% 0 , 0 0 2
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On the other hand the m agnetic field produced at very large distances from the 
current carrying conductor can be affected by currents induced in the earth. Fig. 2 
shows the ratio B e/Bu (rms) as a function o f  the lateral distance y. It follows from 
the Figure that the earth currents are o f  importance only at such large distances that 
the field has already decreased in magnitude below typical ambient conditions.

Table 2. Proportion of the magnitudes Bu(0, 0) and Be(0, 0) in the magnitude of the total 
magnetic flux density B(0, 0) and the ratio Be(0, 0) / Bu(0, 0) on the ground level

for h = 1 0  m

Y
S/m B Bu Be Be /  Bu

1 0 -1 1 0 0  % 97,16 % 3,78 % 0,039

1 0 -2 1 0 0  % 99,07 % 1,28 % 0,013

1 0 -3 1 0 0  % 99,70 % 0,41 % 0,004

1.4

1.2

= 08 cn 3̂ 
m 0.6

0.4

0.2

0 500 1000 1500 2000
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Fig. 2. The ratio Be(y,0)/BJy,0) on the ground level as a function ofy  for hk = 10 m and for different
values of earth conductivity

2.2. Complex ground return plane approach

As an alternative for the accurate method o f  the evaluation o f  the influence o f 
currents induced in the earth on total magnetic field produced by an overhead 
pow er line the concept o f  the com plex ground return plane can be applied [19 - 20]. 
The formal p roof o f  the com plex ground return plane approach for calculation o f 
transm ission line impedances has been presented in [19]. The formulas derived 
provide simple and remarkably accurate substitutes to Carson’s equations for self 
and mutual impedances over the whole range o f  frequencies for which Carson’s 
equations are valid.
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It follows from the calculations presented in sec. 2.1 and in [16], that the effects 
o f  the currents induced in the earth on the total magnetic field produced under the 
pow er line are negligible as compared with the effects due to the currents flowing 
in the overhead conductors. I f  the radial distance from the conductor to the point in 
question is m uch less then the penetration depth, the D ubaton’s formulas for By and 
Bz reduce to formulas (13) and (15) [16], w hat means that the m agnetic field can be 
calculated using the Biot-Savart law only. Since typical values o f Ss at 50 (60) Hz 
are 350 -  1600 meters (for the earth resistivity lying in limits 50 -  1000 Qm), the 
approximate formulas are valid for observation points on the right-of-way.

2.3. Unmitigated power line magnetic field

The total x , y  and z  components o f  the magnetic flux density in the vicinity o f 
the overhead 3-phase power line with phase conductors (n) and earth wires (m) can 
be obtained by superposition, according to the equations (24) and (25):

n+m
Bx = I  Bxi (24)

i= 1

n+m
By = I  By (25)

i = 1

It should be pointed out, that when the line currents are changing sinusoidally 
with time and have a relative phase displacement with respect to each other (as in 
the case o f  the three phase line), the produced in the observation point magnetic 
field vector varies with time not only in the magnitude but also in its orientation. In 
general, the tip o f  the magnetic flux density describes the path o f  an ellipse. Values 
and orientations o f  the two semi-axes are determined by the usual search for 
extremal points o f  the equation o f  the ellipse [4].

The maximum value o f  the elliptic magnetic flux density can be calculated from 
the relation:

Bmax = V  (Bx cos ^ ) 2  + (By c o s (a  + P ) ) 2  (26)

where:
a  = arc(B y) -  arc(B x) (27)

n 1  sin 2 aP  = — arctan-------------- -----  (28)
2  cos 2 a  + (B -  ) 2  

By

Under normal operating condition the phase currents (Ij , j  = 1, 2, 3) o f  the 
pow er lines are dependent on the load flow and can be treated as known. The 
currents induced in the earth conductors in the case o f  two earth conductors p  and v 
have to be calculated from the relations:

K. Budnik, W. Machczynski /  Reduction o f  magnetic field from a power line .
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r  i  "
0 " _ 7̂ « 7

2 « «37

i 3jL 1

+ r 7 « V«7 r V
0 7

1v 272

7 3v _ 7̂  V« 7 V __ Lv _

The solution o f  the eqn.(29) takes the form:

V « " r 7 « 7 "«V
-i 7

1« «272 «37
1 L 1

7_ V« 7V i 1 V272

7 3V

which e.g. for the current I ,  gives:

L« =

X  L, (7«>7» -  7v7«
j=i

(29)

(30)

(31)

where Z ,  Zv are the unit-length self impedances, Z ,  is the unit-length mutual 
impedance between the earth-wires, Zj,  and Zjv are the unit-length mutual 
impedances between phase conductor and the earth wire p  and v, respectively. It 
should be noted that in the calculation o f  these impedances, the effects o f  induced 
currents in the earth on the electromagnetic field o f the power line have to be taken 
into account.

I

2

3

2.4. Current induced in a mitigation loop

The knowledge o f  the magnetic field density produced by a power line is 
necessary in calculation o f  the magnetic flux passing through conductive loop 
located under the line. The induced in the loop an electromotive force drives the 
loop-current through the loop impedance. The loop-current creates under the power 
line a magnetic field, which opposes the one from the line.

Consider the magnetic flux passing through a surface o f the horizontal, 
rectangular loop located underneath an infinitely long overhead conductor with a 
current, as in Fig. 3.
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M agnetic flux can be calculated from the formula:

$  = J  B  • dS  (32)

where dS  is vectorial surface element.
Taking into account that:

dS  = ezdSz

and dSz =  ldy, the m agnetic flux takes the form:

y"i

$  = l J B z (y , z  = h  )dy

(33)

(34)

Inserting relationships (15) and (16) at z = hl into this integral, the m agnetic flux 
becomes:

o  = Mo ̂ kl 
2 n

yt

(y  -  y k) (y  -  y k ) -+
(hk - hi ) 2 + (y  -  y k ) 2  (hk + hi ) 2 + (y  -  yk ) 2

+ 2 | k| J  nbe~(k + h‘ sin[( y  -  y k )| k|n]dn +
0

+ j 2 |k |Jn(n - a)e (k+h‘ sin[(y - y k)|k|n]dn

dy (35)

It is permissible to interchange the integrals in this expression, which, when 
integrated between the limits y  land y  l , gives:

1  ln [(hk -  hl)2 + (  -  yk )  ■][(hk + hl) 2 + (y l-  yk ) ]  +

4  [(hk -  hl ) 2  + (y l-  yk ) [ ( h k + hl ) 2  + (y l'-  yk ) ]

+ J be~(h+hl )k|n[cos[(yl -  y k )|k |n ]-cos[([  -  yk)|k|n]]dno  = A) !kl +

+ j  Irj(n  -  a)e (k +h‘ )|k|”[cos[(yl -  yk ) |k |n ]-cos[(y f -  y k )|k |n]dn

(36)

The electromotive force induced in the loop can be obtained from the relation:

(37)

Thus:
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+

E = j®M0 h l ! +
n

(38)

1  ln [(hk -  h  ) 2  + (yl’ -  yk I2 ][(hk + hi ) 2  + (y l-  y k ) ]

4  [(hk - hi ) 2  + ( l - y k ) [ ( h k + hl ) 2  + (y f - y k ) ]

+ J be~(hk +h‘)k|”[cos[(yl -  y k ) |k |n ]-cos[(y f -  y k ) |k |n jdn
0

+ j J ( n  -  a)e~(hk+h‘ )|k|”[cos[(yl -  y k ) |k |n ]-cos[(y f -  y k )|k |n]dn

The electromotive force drives the loop-current through the impedance o f  the 
loop:

E

where Zs is the self-impedance o f  the loop. 
Thus:

Zs
(39)

j®M0 h l
nZ S

1  ln [(hk -  h  ) 2 + ( -  y k ) 2  ][(hk + hl ) 2 + ( -  yk I2 ] +

4  [(hk -  hi ) 2  + (y l-  yk j2 ][(hk + hi ) 2  + (  -  y k } ]

+ J be~{hk +hl )k|”[cos[(yl -  y k )|k |n]-cos[(yf -  y k)|k|n]]dn +

+ j J  (n -  a)e {hk + h‘)k|” [cos[(yl -  yk )|k |n]-cos[(yf -  yk )|k|n]|dn

(40)
The Dubanton equation for the unit-length self impedance o f  the conductor k

with the radius rk is [19, 20]:

Z , =  J a B L l n 2(hk +  p )

where:

and

2 n

1

= ^ L ( 1  -  j )

Y

(41)

(42)

(43)

is the penetration depth.

I f  the effects o f  the currents induced in the earth on the total m agnetic field 
produced under the power line are negligible as compared with the effects due to

rk
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the currents flowing in the overhead conductors, the m agnetic flux passing the loop 
can be determined from eqn. (34) with B zu obtained from eqn.(15) at z = hi so that:

^  = A)I kl ln (hi -  hk ) 2  + (y i -  y k ) 2  (4 4 )
“ 4 n  (hi -  hk ) 2  + (yl -  yk ) 2  

The electromotive force can be next obtained from eqn.(37) in the simplified form:

E = -  j(0.u uI kl ln (hl -  hk ) 2  + (y l -  y k ) 2  (4 5 )
“ 4 n  (hl -  hk ) 2  + (yl -  yk ) 2   ̂ '

and the approximate value o f the loop-current is then:

T = j W 0  I kl l n (hl -  hk ) 2  + (y l -  y k ) 2  (46)
1uloop = . r y  l^  7 \ 2  , / ' (46)

4nZs (hl -  hk ) + (y t -  y k )

The loop current creates under the current carrying overhead conductor a 
m agnetic field, which opposes the one from the conductor.

It should be noted, that the loop impedance Zs can be changed by insertion of 
appropriate series capacitance and its phase angle can be adjusted additionally by 
choice o f an appropriate conductor (resistance) [4].

2.5. Mitigated power line magnetic field

The m itigated magnetic field under the pow er line is the vectorial sum o f the 
local original m agnetic field associated with currents in the phase conductors and 
the earth conductors and o f the local auxiliary field caused by the loop current.

The total x  and y  components o f the magnetic flux density in the vicinity o f the 
overhead 3-phase pow er line with phase conductors (n ) and earth wires (m ) and 
auxiliary conductors (k ) forming the loop can be obtained by superposition, 
according to the equations (24) and (25):

n+m+k
Bx = I  Bxi (47)

i =1

n+m+k
By = I  By (48)

i= 1

It should be noted, that the m agnetic flux density produced by the k -th  auxiliary 
current has to be obtained according to the eqn. (49) and (50) or according to eqn. 
(50) and (51) for the exact and approximate method respectively.
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Byk ( y  z ) =
Mo I loop

2 n

z  -  h. z + h,

Bzk (y, z  ) = MI oop-
2 n

( z - h k ) 2 + (y - y k ) 2  ( z + h ) 2 + (y - y k )

2 k| J nbe- y +hk cos[(y -  y k)|k|n]dn
o

j 2 |k| Jn (n  -  a)e~( +ht cos[(y -  y k)|k|n]dn

(y  -  y k ) +

+

o

y  -  yk

(49)

(z -  hk ) 2  + (y  -  y k ) 2  (z + hk ) 2  + (y  -  y k ) 2

+ 2 |k| J  nbe ( +hk sin[(y -  y k )|k|n]dn +
o

+ j 2 |k| Jn (n  -  a)e ( +hk sin[(y -  y k)|k|n]dn

(50)

Byk u (y , Z ) = '
u loop z  -  h

Ti i \ M01U loop
B zkw(y , z ) = .  p

2 n  (z -  hk ) 2  +  (y  -  y k ) 2

y -  yk

(51)

(52)
2 n  (  -  hk ) 2  + (  -  yk ) 2

Exemplary calculations o f  the m agnetic field distribution under a pow er line 
have been carried out according to the m ethod derived. The geometry o f  a 750 kV 
transm ission line with mitigation loop located beneath outside phases is shown in 
Fig. 4.

Fig. 4. The assumed tower configuration, adopted from [4]

Assuming balanced three phase currents in phase conductors 1 , 2  and 3 
Ij = 1500e_;120° A ,I 2  = 1500e_ j °° A ,I 3 = 1500e;12°° A , span length l = 470 m, f  = 60 
Hz, first the currents in the earth conductors 4, 5 have been calculated according to
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eqn.(30), and the unmitigated m agnetic field is obtained from eqns.(24 - 25). The 
m agnetic flux linked with the loop consisting o f  closed conductors 6  and 7 has 
been determined from the eqn. (44) and the electromotive force induced in the loop 
has been evaluated from eqn. (45). Taking into account that the loop with series 
capacitor 2.10 mF has the impedance Z s = 0.2e“ 1 3 0  Q  [4], the current produced 
within the mitigation loop is I loop = 692e“j90 A . Finally, the resultant mitigated 
m agnetic flux density has been calculated from eqns.(47 -  48). Lateral profile at 
height 1 . 0  m o f  the magnetic flux density module under the power line without and 
with the mitigation loop is presented graphically in Fig. 5. Evident reduction o f  the 
m agnetic field can be observed.

It should be noted, that the results o f  the magnetic flux density calculations are 
nearly identically for the exact and simplified method.

K. Budnik, W. Machczynski /  Reduction o f  magnetic field from a power line .

Fig. 5. Lateral profile of the magnetic field under the power line

It should be however pointed out, that the comparison o f  the above results with 
results obtained in [4] is not possible due to incorrect calculation o f  the total 
m agnetic flux penetrating the loop in the cited publication.

2.6. Mitigation loop located non-parallel to the earth surface

Consider the system shown in Fig. 6 . Both longitudinal conductors o f  the 
rectangular mitigation loop are located at different heights parallel to the current 
carrying conductor. The angle between the plane o f  the loop and the earth surface 
is a. The location o f  the loop is geometrically defined by the positions o f  the
longitudinal conductors (y l ,hl) and (y l ,h l ) .
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h k
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yyk y l y l

Fig. 6 . An infinitely long current carrying conductor and a mitigation loop above the earth surface 
in evaluation of magnetic flux passing through the loop

The magnetic flux density components in the air due to the current Ik are given 
by the formulas (13), (14), (15) and (16). M agnetic flux passing through a surface 
of the loop as in Fig. 6  can be calculated from the formula (32).

The vectorial surface elem ent dS  is now

dS  = eydSz + ezdSy

where
dSz = ldz 

dSy = ldy

and l denotes the length o f the longitudinal conductor. 
The scalar product in eqn.(32) takes the form

B  • dS  = Byldz + Bzldy

Denoting

y  = yl + zc tg a

(53)

(54)

(55)

(56)

(57)

in the formulas (13) and (14) we can calculate the m agnetic flux passing through 
the surface Sz

^  = u  I kl 
y 2 n

“l

J

z  + h.

y  -  hk ) 2  + y  + zc tg a  -  yk ) 2  (z + hk ) 2  + [yt + zc tg a  -  y k )

-  2 | k| J  nbe- z +ht )kn cos[( y\ + z c t g a -  y k )| k|n]dn
0

-  j 2 k| Jn (n  -  a)e~( +ht)kn cos[(y t + z c t g a -  y k)|k|n]dn

+

dz

(58)

z

h

59



K. Budnik, W. Machczynski /  Reduction o f  magnetic field from a power line .

Similarly, denoting
z = z{ + y tg a (59)

in the formulas (15) and (16), the m agnetic flux passing through the surface Sy 
becomes

The resultant m agnetic flux penetrating the m itigation loop as in Fig. 6  is the 
sum o f  the fluxes defined by eqns ( 6 ) and ( 8 ).

It is easy to show that i f  the angle a  = 0 (the horizontal location o f  the loop) the 
m agnetic flux penetrating the loop is given by the (35).

I f  the effects o f  the currents induced in the earth on the total m agnetic field 
produced under the power line are negligible as compared with the effects due to 
the currents flowing in the overhead conductors, the m agnetic flux passing the loop 
can be determined from the following equation

The electromotive force induced in the loop can be obtained from the relation 
(37) and the loop-current from the eqn.(39), respectively.

Another possibility to calculate the m agnetic flux using the vector potential will 
be presented in the sequel.

The x-component o f  the vector potential in the air given by eqn.(3) can be now 
written in the form:

y  -  y k (y  -  y k ) +
Z  + y tg a  -  hk )  + (y -  y k ) 2  (hi + y tg a  + K ) 2  + (y -  y k ) 2

O z = U0^kl j  + 2 k| j nbe~Z +ytga+hk)n sin[(y  -  y k)|k|n]dn +
2 n  n

dy

+ j 2 k| jn (n  - a)e (hl+ytga+h k̂ln sin[(y - y k)|k|n]dn
0

(60)

u(z+hk )

cos[(y  -  y k)u ]du}

cos[(y  -  yk )u]du +

(62)

Taking into account the formula [18]:

(63)
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where: a  > 0 , R e ( a )  > 0 , R e (P )  > 0  we get:

A <(y, z ) = n  j l l „ (z +  hk f  + (y ~  yk ) 2  +  f ’ cos[(y - y t )u] 1  (64)
*U ' '  n  \ 4 ( z - h„ ) 2  +  ( y - y t ) 2  J u + lU  J '  '

I f  the formulas (17 -  20) are used the vector potential becomes:
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Ax (y, z ) = n  
n

1 ln (^ + hk ) + (y -  y k ) + 
4 (z  -  hk ) 2  + (y -  yk ) 2

(65)

■j J  (n -  a  -  jb )e  (z+hk }| kn cos[( y  -  yk )| k|n]dn}
0

M agnetic flux penetrating through the loop (Fig.6 ) is obtained by applying the 
equation:

o  = J A  •dl = lAx(y  = y u z  = h'l) -  lAx (y  = y"^ z  = hi)  (66)
l

where l denotes the length o f  the longitudinal loop-conductor.
Insertion o f  the eqn.(13) into the formula (14) gives the magnetic flux in the 

form:

O  = u I kl f 1  ln [(hl + hk ) 2  + (y l -  y k)2][(hl - hk ) 2  + (y l -  y k)2] +
n  4  [(hl - hk ) 2  + (y l -  y k)2][(hl + hk ) 2  + (y l -  y k)2]

+ Jb [e"(h'+hk}|kn cos[(yl -  y k ) |k |n ] - e _(h'+hk}|kn cos[(y l  -  y k )|k |n ]dn  + (67)
0

+ j  J  (n -  a )[e_( h'+hk }| kn cos[( [  -  yk )| k |n ] -  e_( hl +hk cos[( [  -  yk )| k|n]]dn}
0

It is easy to show that when hl' = hl'' =  hl (the horizontal location o f  the loop) the 
m agnetic flux penetrating the loop is given by the eqn.(36).

3. Conclusions

The design o f installation generating low-frequency magnetic and electric fields 
requires access to effective analytical and computational tools. The paper presents 
procedures o f  determining the magnetic flux density o f  the field produced under 
pow er lines.

Exact and approximate methods are developed for analyzing magnetic fields in 
the vicinity o f overhead power lines without and with mitigation passive loops. The 
exact method o f  field calculation is based on the Fourier transform technique and 
takes into account the earth currents. The approximate method assumes that effects 
o f  earth currents onto magnetic field are negligible. In both methods phase-currents
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have prescribed values, based on which all o f  the remaining currents (in earth 
conductors and in loop-conductors) are computed.

M oreover the mitigation effects due to the passive loop are also investigated, 
whereas the m itigation loop can be treated as a rectangular loop (two-conductor 
closed mitigation loop) located near the pow er line horizontal or non-parallel to the 
earth surface.

The results derived can be used as the foundation for almost every study on the 
magnetic fields for conditions that are almost always satisfied for power 
engineering applications.
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