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Abstract— This paper analyses the magnetic fields, in the context 

of a health and safety-related issue, produced by electrical power 

cables installed in various configurations under varying 

conditions. A specialist calculation module in-built to ELEK™ 

Cable High Voltage software has been used for calculating the 

results based on the Biot-Savart law. 

 

Index Terms: Magnetic fields, Biot-Savart law, phase shift, 

ELEK™ Cable High Voltage software 

I. INTRODUCTION 

There are electric power cables in use all around us. The 

current that a cable carries generates a magnetic field that 

emanates in all directions. Medical research has shown that 

exposure to magnetic fields above safe limits can have a 

significant detrimental effect on health. The International 

Commission for the Protection against Non-Ionizing Radiation 

Protection has set 1 mT as the reference limit for occupational 

exposure and 200 µT as the public exposure limits [1, 2]. 

 

For new or existing power projects involving electric 

cables, since these cables often carry high currents and are 

installed low to or under the ground near to where people 

cohabit there is often a requirement to calculate and to measure 

the magnetic field. ELEK™ Cable HV software has a 

specialised module for easily and accurately calculating the 

magnetic fields from cables.  

 

This paper provides a parametric study of factors affecting 

the magnetic field around a cable such as soil permeability, 

load current magnitude and phase angle at varying 

measurement distances. The presented results include those for 

multiple circuits, installed in various industry-standard 

configurations such as horizontal, vertical and trefoil and for 

varying load currents which are balanced or unbalanced. 

 

The assumptions of the calculations are that 

 

• The cables are infinitely long conductors. 

• The air and/or soil is assumed to be electromagnetically 

homogeneous, isotropic and linear. 

• Eddy currents losses can be neglected because of low 

penetration depth for earth electrical resistivities between 

10 – 100 Ω-m (assumed) at 50 / 60 Hz. 

• Induced currents in the cables, neutral wires, neighbouring 

cables and all other structures are ignored. 

• For cables in air or soil relative permeability is 1. 

• Currents used are RMS values. 

• The superposition principle is applied where the field 

produced by each cable is combined to obtain the total 

field.  

II. MATHEMATICAL FORMULATION  

A. Magnetic field of a single conductor 

 

The Biot-Savart law explains the fundamental quantitative 

relationship between an electric current which is flowing and 

the magnetic field in produces.  

 

The value of the magnetic field (B) at a point in space with 

relative permeability μ0 is the sum of all the contributions from 

each small element or segment of a current-carrying conductor. 

For a very long straight conductor carrying current the 

magnetic field at a nearby point is proportional to the value of 

the current and inversely proportional to the perpendicular 

distance from the conductor to a given point (x, y) as follows 

 

𝐵 =
𝜇0𝐼

2𝜋√𝑥2 + 𝑦2
 

 

 

The magnetic field has two components, one along the x 

axis 𝐵𝑥 and another along the y axis 𝐵𝑦. If 𝜃 is the angle 

between 𝐵 and 𝐵𝑥 then, the components can be written as 

 

𝐵𝑥 =  −𝐵𝑠𝑖𝑛𝜃 =
−𝜇0𝐼𝑦

2𝜋(𝑥2 + 𝑦2)
  

 

𝐵𝑦 =  𝐵𝑐𝑜𝑠𝜃 =  
−𝜇0𝐼𝑥

2𝜋(𝑥2 + 𝑦2)
  

 

𝐵 =  √𝐵𝑥
2 + 𝐵𝑦

2 
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http://www.elek.com.au/
http://www.elek.com.au/


ELEK™ Cable HV Software complies IEC 60287   2 

Electrotechnik Pty Ltd www.elek.com.au  

 

 

 

B. Magnetic field of multiple conductors - same phase angle 

 

The magnetic field produced by multiple conductors is 

calculated as the summation of the magnetic fields caused by 

the individual conductors. Consider 𝑛 conductors carrying 

currents I. The positions of the conductors are (𝑥𝑖 , 𝑦𝑖). 

As derived from earlier equations the horizontal and 

vertical components of the magnetic field is the summation of 

the components of each individual conductor from a 

measurement point (𝑥𝑘 , 𝑦𝑘). 

Horizontal component,  𝐵𝑥𝑖 =  ∑ −
𝜇𝑟𝜇0

2𝜋
𝐼𝑖 [

𝑦𝑘−𝑦𝑖

𝑟𝑖𝑘
2 ]𝑛

𝑖=0  

Vertical component, 𝐵𝑦𝑖 = ∑
𝜇𝑟𝜇0

2𝜋
𝐼𝑖 [

𝑥𝑘−𝑥𝑖

𝑟𝑖𝑘
2 ]𝑛

𝑖=0  

 

where 𝑟𝑖𝑘 is the distance between the conductor and the point 

of measurement and is given by 

 

𝑟𝑖𝑘 = √(𝑥𝑘 − 𝑥𝑖)2 + (𝑦𝑘 − 𝑦𝑖)2 

 

So, the magnetic field at any point (𝑥𝑘 , 𝑦𝑘) is 

 

𝐵 =  √𝐵𝑥𝑖
2 + 𝐵𝑦𝑖

2  

 

C. Magnetic field of multiple conductors - different phase 

angles 

 

The current in each conductor can be resolved into the 

corresponding in-phase and out-phase components. Therefore, 

if we consider a three-phase circuit, the horizontal and vertical 

component of the magnetic field will have components due to 

in-phase and out of phase currents for each conductor. 

Consider a three-phase system carrying currents with a 

phase difference of 1200. 

 

𝐼𝐴 = 𝐼∠0, 𝐼𝐵 = 𝐼∠120, 𝐼𝐶 = 𝐼∠ − 120 

 

Each component of the magnetic field will have an in-

phase component and an out-phase component i.e. each cable 

will have 𝐵𝑥𝑖𝑛 , 𝐵𝑥𝑜𝑢𝑡 , 𝐵𝑦𝑖𝑛 𝑎𝑛𝑑 𝐵𝑦𝑜𝑢𝑡 . For 𝑛 cables the x and 

y components of fields are given by 

 

𝐵𝑥 =  √{∑ 𝐵𝑥𝑖𝑛𝑖

𝑛

𝑖=1

}

2

+ {∑ 𝐵𝑥𝑜𝑢𝑡 𝑖

𝑛

𝑖=1

}

2

 

𝐵𝑦 =  √{∑ 𝐵𝑦𝑖𝑛𝑖

𝑛

𝑖=1

}

2

+ {∑ 𝐵𝑦𝑜𝑢𝑡𝑖

𝑛

𝑖=1

}

2

 

𝐵 = √𝐵𝑥
2 + 𝐵𝑦

2 

 

D. Effects of soil permeability on magnetic field 

 

Electric power cables are commonly buried underground, 

and the magnetic field needs to be calculated above the ground 

surface level. In this case the magnetic field depends on the 

relative permeability of the two adjacent mediums being the 

air and the soil. To calculate the magnetic field in the air caused 

by a current flowing in a buried conductor(s) the image method 

is used which considers soil permeability. 

An image current in the same direction appears if a current 

is placed parallel to a plane surface of differing permeability. 

The vector potential in the other region can be calculated by 

summing the contributions from the original current and the 

image current. This image current is perpendicular to the 

surface. So, the image current is  

 

𝐼′ =
𝜇𝑟𝑚

− 𝜇𝑟𝑎

𝜇𝑟𝑚
+ 𝜇𝑟𝑎

𝐼 

The new current is 

 

𝐼𝑛𝑒𝑤 = 𝐼′ + 𝐼 =
𝜇𝑟𝑚

−  𝜇𝑟𝑎

𝜇𝑟𝑚
+  𝜇𝑟𝑎

𝐼 + 𝐼 =  
2𝜇𝑟𝑚

𝜇𝑟𝑚
+  𝜇𝑟𝑎

𝐼 

 

where 𝜇𝑟𝑚
 is the relative permeability of soil and 𝜇𝑟𝑎

 is the 

relative permeability of air. If 𝜇𝑟𝑚
= 1 the effect of soil can be 

neglected and 𝐼𝑛𝑒𝑤 = 𝐼. 

 

In fact, it has been shown that the relative permeability of 

soil varies so slightly from that of air that the effect on 

magnetic field can be ignored (see the simulation results 

herein). 

III. SIMULATION RESULTS 

The simulations are carried out for single and multiple 

circuits of single core high voltage cables arranged in different 

buried configurations. The current ratings were calculated 

using the ELEK™ Cable High Voltage software. 

 
A. Magnetic field as a function of soil permeability and 

current magnitude 

 

The magnetic field produced by a current-carrying buried 

cable is directly proportional to the soil permeability. Various 

types of soil and their magnetic permeabilities are discussed in 

[3] and are shown to not vary by a lot. 

 

A simulation was performed with 530 A current for a 

standard three phase circuit with the cables touching and 

buried 1 m below the ground. Measurements of magnetic field 

were taken at ground level. Figure 2 shows that the minimum 
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magnetic field (6.9498 µT) was obtained at 𝜇𝑟𝑚
= 1 and as soil 

permeability increases so too does the magnetic field increase. 

 

 
Fig. 2: Magnetic field densities for varying soil permeabilities 

for a single circuit horizontally laid UG cable. 

 

Another simulation was carried out for multiple (2) 

circuits. Both three phase, single core cable circuits were laid 

horizontally. The circuit on the right-hand side carried a much 

lower current than that on the left. The separation between the 

circuits was 2 m.  

 

Figure 3 confirms that the magnetic field is stronger for 

higher currents. This is shown by the maximum magnetic field 

at all soil permeabilities occurring at the centre of the cable 

carrying the largest current on the left. 

 
Fig. 3: Magnetic field for varying soil permeabilities for a 

multiple circuit horizontally laid UG cable. 

 

B. Magnetic field as a function of phase sequence 

Phase sequence and the relative positions between laid 

cables relates to an interesting practical problem. The magnetic 

fields from adjacent cables interact with one another according 

to the equations presented earlier in this paper. The way or the 

degree in which they interact must be balanced to ensure the 

currents are balanced (equal) between phases. Unbalanced 

loading of cables within circuits is undesirable and could result 

in overheating. There are recommended phase arrangements / 

configurations given by industry standards which aim at 

avoiding or at least minimising phase current unbalance. 

For example, one industry-standard recommends the 

following physical phase arrangement for two three-phase 

circuits. 

 

 

 

Figure 4 shows the variation of magnetic field with the 

change in phase sequence for two three phase circuits arranged 

as above. The current carried by the conductors are 465A. The 

minimum magnetic field of obtained is 5.398µT when the 

phase of the first circuit is [0 -120 120] and that of the second 

circuit is [120 -120 0] i.e. ABC - CBA. This confirms what the 

industry-standard has recommended. It is simple to verify the 

various other recommended configurations by plotting the 

resultant magnetic field. 

 

 

Fig. 4: Magnetic field for 2 conductor/phase horizontal 

configuration 

C. Magnetic field and distance of measurement 

  Magnetic field is calculated and measured at a relevant 

height to establish what the values of exposure might affect 

people (typically 1 m above ground level).  

Since the magnetic field is inversely proportional to the 

distance of measurement then as the distance from the cable 

increases the magnetic field decreases. Fig. 5 shows the 

variation of magnetic field with distance from a horizontally 

laid cable carrying 465 A. The minimum magnetic field 

obtained is 1.739 µT when the measurement is carried out 1 m 

above the ground. 

 

 
Fig. 5: Magnetic field for a horizontal cable configuration  

A B C C B A 
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IV.CONCLUSION 

Power cables emit magnetic fields which can present a 

health and safety problem. Even when the resultant magnetic 

field from a group of cables is not evenly distributed then this 

can cause unbalances of currents in the cables which is 

undesirable. It is pertinent to calculate the magnetic fields 

produced by cables or groups of cable circuits during the 

design phase to avoid any issues and allow the making of any 

necessary changes to their configurations. 

 

To understand how to make the necessary changes one 

must understand how magnetic field varies with factors 

including current (generally non-changeable), spacing 

between cables, depth of burial, phase sequence, soil 

permeability (varies by little) and point of measurement. As 

soil permeability increases the magnetic field also increases 

irrespective of the configuration of the circuit but by very little 

for standard soils. The same is the case for multiple circuits. 

As the distance of measurement from the cable increases the 

magnetic field decreases. For buried cables the maximum 

magnetic field occurs at ground level and the field decays as 

the distance is increased. The effect of phase sequence on the 

magnetic field is also quite prominent. A configuration of 

cables of different phases which produces the highest overall 

magnetic field (compared with other relative configurations) 

will result in a worst-case phase current unbalance. 

 

V. APPENDIX 

Soil permittivity values from [3]. 
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