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INTRODUCTION 

Public interest concerning human exposure to electric and magnetic fields has led 
international and national organisations to propose limits based on recognised adverse 
effects.  

This standard applies to the frequency range for which the exposure limits are based on the 
induction of voltages or currents in the human body, when exposed to electric and magnetic 
fields. This frequency range covers the low and intermediate frequencies, up to 100 kHz. 
Some methods described in this standard can be used at higher frequencies under specific 
conditions. 

The exposure limits based on biological and medical experimentation about these 
fundamental induction phenomena are usually called “basic restrictions”. They include safety 
factors.  

The induced electrical quantities are not directly measurable, so simplified derived limits are 
also proposed. These limits, called “reference levels”, are given in terms of external electric 
and magnetic fields. They are based on very simple models of coupling between external 
fields and the body. These derived limits are conservative. 

Sophisticated models for calculating induced currents in the body have been used and are the 
subject of a number of scientific publications. These use numerical 3D electromagnetic field 
computation codes and detailed models of the internal structure with specific electrical 
characteristics of each tissue within the body. However such models are still developing; the 
electrical conductivity data available at present has considerable shortcomings; and the 
spatial resolution of models is still advancing. Such models are therefore still considered to be 
in the field of scientific research and at present it is not considered that the results obtained 
from such models should be fixed indefinitely within standards. However it is recognised that 
such models can and do make a useful contribution to the standardisation process, specially 
for product standards where particular cases of exposure are considered. When results from 
such models are used in standards, the results should be reviewed from time to time to 
ensure they continue to reflect the current status of the science. 

Page 6
EN 62226−2−1:2005



6222-2-61 © CEI:0240 – 51 – 

 

EXPOSURE TO ELECTRIC OR MAGNETIC FIELDS  
IN THE LOW AND INTERMEDIATE FREQUENCY RANGE –  
METHODS FOR CALCULATING THE CURRENT DENSITY  

AND INTERNAL ELECTRIC FIELD INDUCED IN THE HUMAN BODY – 
 

Part 2-1: Exposure to magnetic fields –  
2D models 

 
 
 

1 Scope 

This part of IEC 62226 introduces the coupling factor K, to enable exposure assessment for 
complex exposure situations, such as non-uniform magnetic field or perturbed electric field. 
The coupling factor K has different physical interpretations depending on whether it relates to 
electric or magnetic field exposure. 

The aim of this part is to define in more detail this coupling factor K, for the case of simple 
models of the human body, exposed to non-uniform magnetic fields. It is thus called “coupling 
factor for non-uniform magnetic field”. 

All the calculations developed in this document use the low frequency approximation in which 
displacement currents are neglected. This approximation has been validated in the low 
frequency range in the human body where parameter εω <<σ .  

For frequencies up to a few kHz, the ratio of conductivity and permittivity should be calculated 
to validate this hypothesis. 

2 Analytical models 

2.1 General 

Basic restrictions in guidelines on human exposure to magnetic fields up to about 100 kHz are 
generally expressed in terms of induced current density or internal electric field. These 
electrical quantities cannot be measured directly and the purpose of this document is to give 
methods and tools on how to assess these quantities from the external magnetic field. 

The induced current density J and the internal electric field Ei are closely linked by the simple 
relation: 

 J = σ Ei (1) 

where σ is the conductivity of living tissues. 

For simplicity, the content of this standard is presented in terms of induced current densities 
J, from which values of the internal electric field can be easily derived using the previous 
formula. 
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Analytical models have been used in EMF health guidelines to quantify the relationship 
between induced currents or internal electric field and the external fields. These involve 
assumptions of highly simplified body geometry, with homogeneous conductivity and uniform 
applied magnetic field. Such models have serious limitations. The human body is a much 
more complicated non-homogeneous structure, and the applied field is generally non-uniform 
because it arises from currents flowing through complex sets of conductors and coils. 

For example, in an induction heating system, the magnetic field is in fact the superposition of 
an excitation field (created by the coils), and a reaction field (created by the induced currents 
in the piece). In the body, this reaction field is negligible and can be ignored.  

Annex E and F presents the analytical calculation of magnetic field H created by simple 
sources and Annex G presents the analytical method for calculating the induced current in a 
conductive disk.  

2.2 Basic analytical models for uniform fields 

The simplest analytical models used in EMF health guidelines are based on the hypothesis of 
coupling between a uniform external magnetic field at a single frequency, and a homogeneous 
disk of given conductivity, used to represent the part of the body under consideration, as 
illustrated in Figure 1. Such models are used for example in the ICNIRP 1) and NRPB 2) 
guidelines.  

 

Excitation field 
B uniform 

Induced currents x 

y 

z 

IEC   1549/04  

Figure 1 – Conducting disk in a uniform magnetic flux density 

The objective of such a modelling is to provide a simple method to assess induced currents 
and internal fields. This very first approach is simple and gives conservative values of the 
electrical quantities calculated.  

For alternating magnetic fields, the calculation assumes that the body or the part of the body 
exposed is a circular section of radius r, with conductivity σ. The calculation is made under 
maximum coupling conditions i.e. with a uniform magnetic field perpendicular to this disk. In 
this case, the induced current density at radius r is given by: 

 
dt
dBrrJ

2
)( σ

=  (2) 

where B is the magnetic flux density. 

___________ 
1)  Health Physics (vol. 74, n° 4, April 1998, pp 496-522). 

2)  NRPB, 1993, Board Statement on Restrictions on Human Exposure to Static and Time-varying Electromagnetic 
Fields and Radiation, Volume 4, No 5, 1. 
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For a single frequency f, this becomes:  

 rfBrJ π= σ)(  (3) 

As illustrated in Figure 1 (see also Annex A), induced currents are distributed inside the disk, 
following a rotation symmetry around the central axis of the disk. The value of induced 
currents is minimum (zero) at the centre and maximum at the edge of the disk.  

3 Numerical models 

3.1 General information about numerical models 

Simple models, which take into consideration field characteristics, are more realistic than 
those, which consider only uniform fields, such as analytical ones. 

Electromagnetic fields are governed by Maxwell's equations. These equations can be 
accurately solved in 2- or 3-dimensional structures (2D or 3D computations) using various 
numerical methods, such as: 

– finite elements method (FEM); 
– boundary integral equations method (BIE or BEM), or moment method; 
– finite differences method (FD); 
– impedance method (IM). 

Others methods derive from these. For example, the following derive from the finite 
differences method: 

– finite difference time domain (FDTD); 
– frequency dependent finite difference time domain ((FD)2TD); 
– scalar potential finite difference (SPFD). 

Hybrid methods have been also developed in order to improve modelling (example: FE + BIE). 

Commercially available software can accurately solve Maxwell’s equations by taking into 
account real geometrical structures and physical characteristics of materials, as well as in 
steady state or transient current source conditions.  

The choice of the numerical method is guided by a compromise between accuracy, 
computational efficiency, memory requirements, and depends on many parameters, such as: 

– simulated field exposure; 
– size and shape of human object to be modelled; 
– description level of the human object (size of voxel), or fineness of the meshing; 
– frequency range, in order to neglect some parts of Maxwell’s relations (example: 

displacement current term for low frequency); 
– electrical supply signal (sinusoidal, periodic or transient); 
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– type of resolution (2D or 3D); 
– mathematical formulation; 
– linear or non linear physical parameters (conductivity, …); 
– performances of the numerical method; 
– etc. 

Computation times can therefore vary significantly. 

Computed electromagnetic values can be presented in different ways, including:  

– distributions of magnetic field H, flux density B, electric field E, current density J. These 
distributions can be presented in the form of coloured iso-value lines and/or curves, 
allowing a visual assessment of the phenomena and the possible "hot" points; 

– local or spatial averaged integral values of H, B, E, J, etc.; 
– global magnitude values: active power. 

These methods are very helpful for solving specific problems; however they cannot be 
conveniently used to study general problems. 

3.2 2D models – General approach 

In order to gain quickly an understanding of induced currents in the human body, 2D 
simulations can be performed using a simple representation of the body (a conductive disk: 
example of modelling given in Figure 2) in a non-uniform magnetic field, as illustrated in 
Figure 3.  

−100 0 100 
  

 

Figure 2 – Finite elements meshing (2nd order triangles) of a disk, and detail 

 

IEC   1550/04 
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 Excitation field 
B non-uniform 

Induced currents 

x 

y 

z 

Source current 
IEC   1551/04  

Figure 3 – Conducting disk in a non-uniform magnetic flux density 

Starting from Maxwell’s relations (low frequency approximation), a single equation can be 
obtained with a specific mathematical formulation (see Annex G): 

 
t

H
t

H
H

∂
∂

=
∂

∂
−∇ exr

r

vv
v

00
21 µµ

σ
 (4) 

where 
Hex  is the excitation field created by the source currents, 
Hr   is the reaction field created by the induced currents:  

 

 )( rHCurlJ
vv

=  (5) 

Equation (4) is solved for a 2D geometry using the finite element method applied to the 
meshing illustrated in Figure 2. 

The excitation field Hex is calculated for three non-uniform field sources using the analytical 
expressions given in Annex F. The three sources modelled are: a current flowing through an 
infinitely long wire, two parallel wires with balanced currents and a current loop. 

X, Y, Z co-ordinates are used. XY-plane is the study plane of the disk in which induced 
currents are generated. Except for the particular case where Hex is uniform, source currents 
are in the same plane. Only the one component of Hex along the Z-axis is taken into account. 
The induced currents in the disk have two components Jx, Jy. 

Examples of numerical results are presented in Annexes A to D. 

3.3 Conductivity of living tissues 

The computation of induced currents in the body from the external magnetic field is strongly 
affected by the conductivity of the different tissues in the body and their anisotropic 
properties. The results presented in this document assume that the conductivity is 
homogeneous and isotropic with a value of 0,2 S/m. This value is consistent with the average 
value assumed in EMF health guidelines.  
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The most recent assessment of the available data indicates the average conductivity to be 
slightly higher: 0,22 S/m. More experimental work is in progress to provide more reliable 
conductivity information. The preferred average conductivity could be changed in the future as 
improved information becomes available. In that situation the values of induced current 
presented in this report should be revised in proportion to the conductivity. Nevertheless, the 
coupling factor for non-uniform magnetic field K, defined previously, is independent of the 
conductivity. 

3.4 2D Models – Computation conditions 

2D computation codes were used to simulate the current induced in a conductive disk by an 
alternating magnetic field of frequency f, produced by four different field sources: 

– uniform and unidirectional field in all considered space (Annex A); 
– current flowing through one infinitely long wire (Annex B); 
– 2 parallel wires with balanced currents (Annex C); 
– current flowing through one circular coil. (Annex D). 

In order to facilitate comparisons with analytical models, all numerical values of computation 
parameters are fixed throughout this standard:  

– radius of disk: R = 100 mm, and R = 200 mm;  

– conductivity of disk: σ = 0,2 S/m; 
– field sources at 50 Hz frequency.  

With the exception of the first of the four field sources, the magnetic field from the source is 
non-uniform, decreasing with increasing distance from the source. In these cases the field 
value quoted is the value at the edge of the disk closest to the source.  

The reaction field created by the induced current in the disk is negligible (due to the very low 
conductivity of the disk) and is ignored. 

3.5 Coupling factor for non-uniform magnetic field 

The current density induced in the disk by a localised source of magnetic field (therefore 
generating a non-uniform field), is always lower than the current density that would be 
induced by a uniform magnetic field whose magnitude is equal to the magnitude of the non-
uniform field at the edge of the disk closest to the localised source. This reduction of induced 
current for non-uniform field sources is quantified using the coupling factor for non-uniform 
magnetic field K, which is physically defined as: 

 
uniform

nonuniform

J
J

K =  (6) 

where  
Jnonuniform  is the maximum induced current density in the disk exposed to the non-uniform 

magnetic field from a localised source,  
Juniform  is the maximum induced current density in the disk exposed to a uniform 

magnetic field. 
Juniform  is derived from equation (3):  

 RfBRrJJ π=== σ)(uniform  (7) 
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It shall be noted that K = 1 when the field is uniform. Annex A illustrates the current 
distribution in a disk of radius R = 100 mm for an applied uniform field B = 1,25 µT. The 
coupling factor for non-uniform magnetic field K is calculated numerically for the three non-
uniform sources of field, in Annex B, C and D respectively. 

NOTE 1 Calculated spot values of induced current densities have been averaged in this document (see Annexes 
A to D). So the values of Juniform and Jnonuniform given here above are averaged values, integrated over a cross 
section of 1 cm2, perpendicular to the current direction. 

NOTE 2 Values of K are calculated at a frequency of 50 Hz. Nevertheless, due to the low frequency 
approximation, these values are also valid for the whole frequency range covered by this standard i.e. up to 
100 kHz. Also, due to the low frequency approximation, K is independent of the conductivity. 

For real cases, the spatial arrangement of field cannot easily be described in equations, and 
the coupling factor K can only be estimated (for example using the table values given in 
annexes of this document). 

3.6 2D Models – Computation results 

This subclause is a summary of the detailed numerical results given in Annexes B, C and D, 
which deal with the three types of sources. Whatever the source, the model of human body is 
treated as a homogeneous disk:  

– radius of disk:  R = 100 mm and R = 200 mm; 

– conductivity of disk:  σ = 0,2 S/m . 

For comparison between the different types of sources (i.e. coupling models), the value of the 
local maximum magnetic field is normalised. Whatever the source, the magnetic field 
magnitude at the edge of the disk closest to the source is equal to the uniform field magnitude 
(i.e. B = 1,25 µT, see annex A). 

Table 1 presents a selection from Annexes B, C and D of the numerical values of the factor K 
for the three different sources and for a disk radius R = 100 mm. These results are also 
presented in a graphic form in Figure 4.  

All the values in Table 1 are less than 1, and sometimes much less than 1, by a factor up to 
about 100. This demonstrates that, for a specified maximum current density in the disk, the 
corresponding magnetic field at the edge of the disk can have a wide range of values 
depending on the characteristics of the field source and on the distance between the disk and 
source. 

The uniform field approximation (for which K = 1) is appropriate only when the distance 
between the source and the “human disk” becomes large relative to the size of the disk 
(typically 10 times the disk radius). At more usual distance of exposure from, for example, 
domestic appliances, the non-uniformity of the magnetic field with the distance has to be 
taken into account in the way presented in this standard. 
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NOTE Values for distances up to 1 900 mm, and for other wire separations and coil sizes are given in Annexes B, 
C and D. 

Figure 4 – Variation with distance to the source of the coupling factor for non-uniform 
magnetic field, K, for the three magnetic field sources (disk radius R = 100 mm) 
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Table 1 – Numerical values of the coupling factor for non-uniform magnetic field K for 
different types of magnetic field sources, and different distances between sources and 

conductive disk (R = 100 mm) 

K  factor for different sources 

Distance between the 
source and the disk 

  
mm 

1 infinite wire 
2 parallel wires with 
balanced currents, 

5 mm spaced 
1 circular coil 
2,5 mm radius 

10 0,229 0,094 0,034 

20 0,350 0,172 0,080 

30 0,432 0,237 0,126 

40 0,492 0,291 0,169 

50 0,540 0,337 0,208 

60 0,579 0,378 0,244 

70 0,611 0,413 0,277 

80 0,638 0,444 0,308 

90 0,661 0,472 0,336 

100 0,682 0,497 0,361 

110 0,700 0,520 0,385 

120 0,716 0,540 0,407 

130 0,730 0,559 0,428 

140 0,743 0,576 0,447 

150 0,754 0,592 0,465 

160 0,765 0,607 0,482 

170 0,775 0,621 0,497 

180 0,783 0,634 0,512 

190 0,792 0,645 0,526 

200 0,799 0,657 0,539 

210 0,806 0,667 0,552 

220 0,813 0,677 0,563 

230 0,819 0,686 0,575 

240 0,824 0,695 0,585 

250 0,830 0,703 0,595 

260 0,835 0,711 0,605 

270 0,839 0,718 0,614 

280 0,844 0,725 0,623 

290 0,848 0,732 0,631 

300 0,852 0,738 0,639 

NOTE Values for distances up to 1 900 mm, and for other wire separations and coil sizes are given in Annexes B, 
C and D. 

 

4 Validation of models 

The validation of the numerical tools used for computation of induced current densities shall 
be made by comparison with the results given in the annexes of this standard, which have 
been validated by comparison with scientific literature.  

Additional information concerning the software used for the validation of numerical 
computation can be found in the bibliographic references of IEC 62226-1. 
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Annex A  
(normative) 

 
Disk in a uniform field 

 

The induced currents are calculated in a disk of homogeneous conductivity. In order to allow 
comparison between different field sources configurations (depending on geometry of the 
source and distance to the disk, see Annex B to D) the following standard values have been 
chosen:  

– f, frequency = 50 Hz (see note 2 in 3.5); 
– B, uniform magnetic flux density = 1,25 µT;  
– R, radius of the conductive disk = 100 mm; 

– σ, conductivity (homogeneous) = 0,2 S/m. 

Using these values in equation (3) gives, at the edge of the disk:  

Jmax = 0,393 × 10–5 A/m2 (analytical calculation) 

Results of a numerical computation using finite element methods are presented hereafter in 
the form of graphs giving the shape of the distribution of induced currents in the disk (Figure 
A.1) and curve giving numerical values of local induced currents (Figure A.2): 

 

 
Figure A.1 – Current density lines J and distribution of J in the disk  

This computation gives, at the edge of the disk a value of: 

Jmax = 0,390 × 10–5 A/m2 

Considering the meshing effect of numerical models, this numerical value of Jmax can be 
considered as equal to the analytical one. So, analytical and numerical approaches give very 
similar results in this simple case.   

IEC   1553/04 
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The induced current density varies linearly with distance along a diameter of the disk as 
shown in Figure A.2: 
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Figure A.2 – J = f [r]: Spot distribution of induced current density calculated along a 
diameter of a homogeneous disk in a uniform magnetic field 

To avoid any bias due to numerical meshing, calculated spot values shall be averaged. In the 
computations of the present document, a square section of 1 cm2, perpendicular to the 
current direction was used.  

The corresponding analytical formula is the integral of equation (3): 

 ∫
+

−

π=
2/

2/

/1)(
m

m

rr

rr
mi dBfrrJ αασ    (A-1) 

where rm is the length of integration, equal to 1 cm (valid for r < R – rm/2) 

Using the numerical values previously defined, the analytical solution of equation (A-1) is: 

Ji max = 0,375 × 10–5 A/m2 

which is very similar to the numerical value: Ji max = 0,374 × 10–5 A/m2.  

Due to the integration, this value is lower than the spot value. 
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The distribution of the integrated induced current density is also a linear function of the 
position of calculation point along a diameter of the disk, as illustrated in Figure A.3: 

0 

1,0 

2,0 

3,0 

4,0 

0 50 100 150 200 

Position on disk diameter (mm)

In
te

gr
at

ed
 c

ur
re

nt
 d

en
si

ty
 (µ

A/
m

2 ) 

Ji max. = 0,375 × 10−5 A/m2

 at the edge 

IEC   1555/04 

 

Figure A.3 – Ji = f [r]: Distribution of integrated induced current density calculated 
along a diameter of a homogeneous disk in a uniform magnetic field 
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Annex B  
(normative) 

 
Disk in a field created by an infinitely long wire 

 

The induced currents are calculated in a disk of homogeneous conductivity. In order to allow 
comparison between different field sources configurations (depending on geometry of the 
source and distance to the disk) the following standard values have been chosen:  

– f, frequency = 50 Hz (see note 2 of 3.5); 
– B, magnetic flux density  = 1,25 µT, at the edge of the disk closer to the field source; 
– R, radius of the conductive disk  = 100 mm or 200 mm; 

– σ, conductivity (homogeneous)  = 0,2 S/m. 

In this annex, the field source is an alternating current flowing through an infinite straight wire. 
The conductive disk and the field source are located in the same plane, at a distance d (see 
Figure B.1).  

 
Standardised value of B at 
the edge of the disk: 1,25 µT 

x 

y z 

Source current 

d 

Diameter AA 

Induced currents 

IEC   1556/04  

Figure B.1 – Disk in the magnetic field created by an infinitely straight wire 

The distance d is the minimum distance between the edge of the disk and the closer part of 
the source. 

The variation of the coupling factor for non-uniform magnetic field K is studied with regard to 
the distance d for: 

– exposure close to the source: 0 < d < 300 mm 
– exposure at higher distance:   0 < d < 1 900 mm 

For illustrations and examples of induced currents computation, 3 distances d have been 
studied:  

– d = 10 mm; 
– d = 100 mm; 
– d = 1 000 mm. 
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B.1 Calculations for a conductive disk with a radius R = 100 mm 

B.1.1 Examples of calculation of inducted currents in the disk  

B.1.1.1 Distance to the source d = 10 mm 

Results of the computation of local induced currents in the disk are given hereunder in form of 
graphs giving the shape of the distribution of induced currents in the disk (Figure B.2) and 
curves giving numerical values of the induced currents (Figures B.3 and B.4). The curve in 
Figure B.4 gives the distribution of the induced currents integrated over a surface of 1 cm2 
perpendicular to the induced current direction.  

Figure B.2 – Current density lines J and distribution of J in the disk  
(source: 1 wire, located at d = 10 mm from the edge of the disk)  
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Figure B.3 – Spot distribution of induced current density along the diameter AA of the 

disk (source: 1 wire, located at d = 10 mm from the edge of the disk) 
NOTE The diameter AA is located as illustrated in Figures B.1 and B.2. 
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Figure B.4 – Distribution of integrated induced current density along the diameter AA of 
the disk (source: 1 wire, located at d = 10 mm from the edge of the disk) 

B.1.1.2 Distance to the source d = 100 mm 

Results of the computation of local induced currents in the disk are given hereunder in form of 
graphs giving the shape of the distribution of induced currents in the disk (Figure B.5). The 
curve in Figure B.6 gives the numerical values of the distribution of the induced currents 
integrated over a surface of 1 cm2 perpendicular to the induced current direction. 

 

 

Figure B.5 – Current density lines J and distribution of J in the disk 
(source: 1 wire, located at d = 100 mm from the edge of the disk) 
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Figure B.6 – Distribution of integrated induced current density along the diameter AA 
of the disk (source: 1 wire, located at d = 100 mm from the edge of the disk) 

B.1.1.3 Distance to the source d = 1 000 mm 

Current density lines J, distribution of J in the disk and distribution of induced current density 
calculated on the diameter of the disk are similar to those computed in the case of a uniform 
field (Annex A).  

The higher is the distance d between the source and the disk, the lower is the difference with 
the computation results obtained with the hypothesis of uniform field: in the present case, 
Ji max = 0,353 × 10–5 A/m2, to be compared to the value calculated with a uniform field 
(Ji max = 0,375 × 10–5 A/m2). 

B.1.2 Calculated values of the coupling factor for non-uniform magnetic field K  

Results of the computation of the coupling factor for non-uniform magnetic field K, as a 
function of the distance d, are given hereunder in a graphic form (see Figures B.7 and B.8). 
Corresponding numerical values are given in Tables B.1 and B.2.  

The distance d is the minimum distance between the edge of the disk and the closer part of 
the source. 
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B.1.2.1 Calculations for short distances to the source: 0 < d < 300 mm 
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Figure B.7 – Parametric curve of factor K for distances up to 300 mm to a source 
consisting of an infinitely long wire  

(disk: R = 100 mm) 

 

Table B.1 – Numerical values of factor K for distances up to 300 mm to a source 
consisting of an infinitely long wire 

(disk: R = 100 mm) 

 
Distance between 

the source and 
the disk 

mm 

Coupling 
factor K 

10 0,229 

20 0,350 

30 0,432 

40 0,492 

50 0,540 

60 0,579 

70 0,611 

80 0,638 

90 0,661 

100 0,682 

Distance between 
the source and 

the disk  
mm 

Coupling 
factor K 

110 0,700 

120 0,716 

130 0,730 

140 0,743 

150 0,754 

160 0,765 

170 0,775 

180 0,783 

190 0,792 

200 0,799 

Distance between 
the source and 

the disk  
mm 

Coupling 
factor K 

210 0,806 

220 0,813 

230 0,819 

240 0,824 

250 0,830 

260 0,835 

270 0,839 

280 0,844 

290 0,848 

300 0,852 
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B.1.2.2 Calculations for higher distances: 0 < d < 1 900 mm  
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Figure B.8 – Parametric curve of factor K for distances up to 1 900 mm to a source 
consisting of an infinitely long wire (disk: R = 100 mm) 

Table B.2 – Numerical values of factor K for distances up to 1 900 mm to a source 
consisting of an infinitely long wire (disk: R = 100 mm) 

Distance between the 
source and the disk  

mm 

Coupling 
factor K 

5 0,139 

43 0,509 

82 0,642 

120 0,715 

158 0,763 

196 0,797 

235 0,821 

273 0,841 

311 0,856 

350 0,869 

388 0,879 

426 0,888 

464 0,896 

503 0,903 

541 0,908 

579 0,914 

618 0,918 

Distance between the 
source and the disk 

 mm 

Coupling 
factor K 

656 0,922 

694 0,926 

732 0,929 

771 0,932 

809 0,935 

847 0,938 

886 0,940 

924 0,942 

962 0,944 

1 000 0,946 

1 039 0,948 

1 077 0,949 

1 115 0,951 

1 153 0,952 

1 192 0,954 

1 230 0,955 

1 268 0,956 

Distance between the 
source and the disk  

mm 

Coupling 
factor K 

1 307 0,957 

1 345 0,958 

1 383 0,959 

1 421 0,960 

1 460 0,961 

1 498 0,962 

1 536 0,963 

1 575 0,964 

1 613 0,964 

1 651 0,965 

1 689 0,966 

1 728 0,966 

1 766 0,967 

1 804 0,968 

1 843 0,968 

1 881 0,969 
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B.2 Calculations for a conductive disk with a radius R = 200 mm  

Results of the computation of the coupling factor for non-uniform magnetic fields K , as a 
function of the distance d, are given hereunder in a graphic form (see Figures B.9 and B.10). 
Corresponding numerical values are given in Tables B.3 and B.4.  

The distance d is the minimum distance between the edge of the disk and the closest part of 
the source. 

B.2.1 Calculations for short distances to the source: 0 < d < 300 mm 
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Figure B.9 – Parametric curve of factor K for distances up to 300 mm to a source 
consisting of an infinitely long wire (disk: R = 200 mm) 

Table B.3 – Numerical values of factor K for distances up to 300 mm to a source 
consisting of an infinitely long wire (disk: R = 200 mm) 

Distance between the 
source and the disk 

 mm 

Coupling 
factor K 

10 0,158 

20 0,250 

30 0,318 

40 0,371 

50 0,415 

60 0,451 

70 0,483 

80 0,510 

90 0,535 

100 0,556 

Distance between the 
source and the disk 

mm 

Coupling 
factor K

110 0,576 

120 0,594 

130 0,610 

140 0,625 

150 0,638 

160 0,651 

180 0,673 

190 0,683 

200 0,693 

Distance between the 
source and the disk  

mm 

Coupling 
factor K

210 0,701 

220 0,710 

230 0,718 

240 0,725 

250 0,732 

260 0,739 

270 0,745 

280 0,751 

290 0,757 

300 0,762 
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B.2.2 Calculations for higher distances to the source : 0 < d < 1 900 mm 
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Figure B.10 – Parametric curve of factor K for distances up to 1 900 mm to a source 

consisting of an infinitely long wire (disk: R = 200 mm) 
 

Table B.4 –Numerical values of factor K for distances up to 1 900 mm to a source 
consisting of an infinitely long wire (disk: R = 200 mm)  

Distance between 
the source and 

the disk  
mm 

Coupling 
factor K 

43 0,386 

120 0,593 

196 0,689 

273 0,747 

330 0,777 

350 0,785 

369 0,793 

388 0,800 

426 0,813 

464 0,825 

503 0,835 

541 0,843 

579 0,851 

618 0,858 

656 0,865 

694 0,871 

732 0,876 

Distance between 
the source and 

the disk  
mm 

Coupling 
factor K 

771 0,881 

809 0,885 

847 0,889 

886 0,893 

924 0,897 

962 0,900 

1 000 0,903 

1 039 0,906 

1 077 0,909 

1 115 0,911 

1 153 0,914 

1 192 0,916 

1 211 0,917 

1 230 0,918 

1 249 0,919 

1 268 0,920 

1 307 0,922 

Distance between 
the source and 

the disk  
mm 

Coupling 
factor K 

1 345 0,924 

1 383 0,925 

1 421 0,927 

1 460 0,929 

1 498 0,930 

1 536 0,931 

1 575 0,933 

1 594 0,933 

1 651 0,935 

1 689 0,937 

1 709 0,937 

1 766 0,939 

1 804 0,940 

1 843 0,941 

1 881 0,942 
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Annex C  
(normative) 

 
Disk in a field created by 2 parallel wires  

with balanced currents 
 

The induced currents are calculated in a disk of homogeneous conductivity. In order to allow 
comparison between different field sources configurations (depending on the geometry of the 
source and distance to the disk) the following standard values have been chosen:  

– f, frequency = 50 Hz (see Note 2 in 3.5); 
– B, magnetic flux density = 1,25 µT , at the edge of the disk closer to the field source; 
– R, radius of the conductive disk = 100 mm and 200 mm; 

– σ, conductivity (homogeneous)  = 0,2 S/m. 

In this annex, the magnetic field is generated by a set of 2 parallel wires with balanced 
currents (these straight and infinitely long wires are a simplified representation of an electrical 
transmission or distribution line). The conductive disk and the field source are located in the 
same plane, at a distance d , and the 2 wires are separated by a distance e (see Figure C.1).  

The evolution of the coupling factor for non-uniform magnetic field K is studied with regard to 
the distance d for: 

– exposure close to the source: 0 < d < 300 mm; 
– exposure at higher distance 0 < d < 1 900 mm. 

For each distance d, the factor K is calculated for 5 different distances e between the 2 wires: 
5 mm, 10 mm, 20 mm, 40 mm and 80 mm. 

For illustrations, three results of computation are presented, corresponding to 3 distances d 
between the disk and the wires (d = 7,5 mm, 97,5 mm and 900 mm), and with e = 5 mm. 

NOTE d is the distance between the edge of the disk and the closest part of the source, i.e. the closest wire. 
Considering the distance between the wires (e = 5 mm), a value d = 7,5 mm corresponds to a distance of 10 mm 
between the edge of the disk and the median axis of the 2 wires.    

 
Standardised value of B at the 
edge of the disk: 1,25 µT 
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Balanced currents d
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Figure C.1 – Conductive disk in the magnetic field generated  
by 2 parallel wires with balanced currents 
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C.1 Calculations for a conductive disk with a radius R = 100 mm  

C.1.1 Examples of calculation of inducted currents in the disk 

C.1.1.1 Distance to the source d = 7,5 mm 

Results of the computation of local induced currents in the disk are given hereunder in form of 
graphs giving the shape of the distribution of induced currents in the disk (Figure C.2). The 
curve in Figure C.3 gives the numerical values of the distribution of the induced currents 
integrated over a surface of 1 cm2 perpendicular to the induced current direction.  

 

Figure C.2 – Current density lines J and distribution of J in the disk 
(source: 2 parallel wires with balanced currents, separated by 5 mm,  

located at d = 7,5 mm from the edge of the disk) 
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 Figure C.3 – Ji = f [r]: Distribution of integrated induced current density calculated 
along the diameter AA of the disk  

(source: 2 parallel wires with balanced currents, separated by 5 mm,  
located at d = 7,5 mm from the edge of the disk) 

NOTE The diameter AA is located as illustrated in Figures C.1 and C.2. 

Diameter AA 
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C.1.1.2 Distance to the source d = 97,5 mm 

Results of the computation of local induced currents in the disk are given hereunder in form of 
graphs giving the shape of the distribution of induced currents in the disk (Figure C.4). The 
curve in Figure C.5 gives the gives the numerical values of distribution of the induced currents 
integrated over a surface of 1 cm2 perpendicular to the induced current direction. 

−100 0 100 

 

Figure C.4– Current density lines J and distribution of J in the disk 
(source: 2 parallel wires with balanced currents separated by 5 mm, located at 

d = 97,5 mm from the edge of the disk) 
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Figure C.5 – Ji = f [r]: Distribution of integrated induced current density calculated along 

the diameter AA of the disk  
(source: 2 parallel wires with balanced currents separated by 5 mm, 

located at d = 97,5 mm from the edge of the disk) 

NOTE The diameter AA is located as illustrated in Figures C.1 and C.4. 
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C.1.1.3 Distance to the source d = 900 mm 

Computation results are similar to the case given in B.1.1.3 (one-wire configuration). 

C.1.2 Calculated values of the coupling factor for non-uniform magnetic field K 

Results of the computation of the coupling factor for non-uniform magnetic fields K, as a 
function of the distance d, are given hereunder in form of parametric curves, for different 
values of distances between the 2 wires (parameter e): see Figures C.6 and C.7. 
Corresponding numerical values are given in Tables C.1 and C.2.  

The distance d is the minimum distance between the edge of the disk and the closest part of 
the source (i.e. the closest wire). 

C.1.2.1 Short distances to the source: 0 < d < 300 mm 
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Figure C.6 – Parametric curves of factor K for distances up to 300 mm to a source 
consisting of 2 parallel wires with balanced currents and for  

different distances e between the 2 wires  
(homogeneous disk R = 100 mm)  
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Table C.1 – Numerical values of factor K for distances up to 300 mm to a source 
consisting of 2 parallel wires with balanced currents  

(homogeneous disk: R = 100 mm) 

 Source: 2 parallel wires with balanced currents separated by a distance e 

Distance 
between the 
source and 

 the disk  
mm 

e = 5 mm e = 10 mm e = 20 mm e = 40 mm e = 80 mm 

10 0,094 0,108 0,127 0,151 0,175 

20 0,172 0,186 0,207 0,235 0,267 

30 0,237 0,249 0,269 0,297 0,331 

40 0,291 0,302 0,320 0,347 0,381 

50 0,337 0,347 0,363 0,388 0,421 

60 0,378 0,386 0,401 0,424 0,456 

70 0,413 0,420 0,434 0,455 0,485 

80 0,444 0,451 0,463 0,483 0,511 

90 0,472 0,478 0,489 0,507 0,534 

100 0,497 0,502 0,513 0,530 0,555 

110 0,520 0,525 0,534 0,550 0,574 

120 0,540 0,545 0,553 0,568 0,591 

130 0,559 0,563 0,571 0,585 0,606 

140 0,576 0,580 0,588 0,600 0,620 

150 0,592 0,596 0,603 0,615 0,634 

160 0,607 0,610 0,617 0,628 0,646 

170 0,621 0,624 0,630 0,640 0,657 

180 0,634 0,636 0,642 0,652 0,668 

190 0,645 0,648 0,653 0,663 0,678 

200 0,657 0,659 0,664 0,673 0,687 

210 0,667 0,669 0,674 0,682 0,696 

220 0,677 0,679 0,683 0,691 0,704 

230 0,686 0,688 0,692 0,700 0,712 

240 0,695 0,697 0,701 0,708 0,720 

250 0,703 0,705 0,708 0,715 0,727 

260 0,711 0,712 0,716 0,722 0,733 

270 0,718 0,720 0,723 0,729 0,740 

280 0,725 0,727 0,730 0,736 0,746 

290 0,732 0,733 0,736 0,742 0,751 

300 0,738 0,739 0,742 0,748 0,757 
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C.1.2.2 Distances to the source: 0 < d < 1 900 mm 
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Figure C.7 – Parametric curves of factor K for distances up to 1 900 mm to a source 
consisting of 2 parallel wires with balanced currents and for  

different distances e between the 2 wires  
(homogeneous disk R = 100 mm) 
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Table C.2 – Numerical values of factor K for distances up to 1 900 mm to a source 
consisting of 2 parallel wires with balanced currents  

(homogeneous disk: R = 100 mm) 

 Source: 2 parallel wires with balanced currents separated by a distance e 

Distance between the 
source and the disk  

mm 
e = 5 mm e = 10 mm e = 20 mm e = 40 mm e = 80 mm 

5 0,049 0,060 0,075 0,091 0,107
43 0,307 0,317 0,335 0,361 0,395
82 0,449 0,455 0,467 0,487 0,515

120 0,540 0,545 0,553 0,568 0,590
158 0,604 0,608 0,614 0,626 0,644
196 0,653 0,655 0,660 0,669 0,684
235 0,690 0,692 0,696 0,703 0,716
273 0,720 0,722 0,725 0,731 0,741
311 0,745 0,746 0,749 0,754 0,763
350 0,765 0,766 0,769 0,773 0,781
388 0,783 0,784 0,786 0,789 0,796
426 0,798 0,799 0,800 0,804 0,809
464 0,811 0,811 0,813 0,816 0,821
503 0,822 0,823 0,824 0,827 0,831
541 0,832 0,833 0,834 0,836 0,840
579 0,841 0,842 0,843 0,845 0,848
618 0,849 0,850 0,851 0,852 0,856
656 0,856 0,857 0,858 0,859 0,862
694 0,863 0,863 0,864 0,866 0,868
732 0,869 0,869 0,870 0,871 0,874
771 0,874 0,875 0,875 0,877 0,879
809 0,879 0,880 0,880 0,881 0,884
847 0,884 0,884 0,885 0,886 0,888
886 0,888 0,889 0,889 0,890 0,892
924 0,892 0,892 0,893 0,894 0,896
962 0,896 0,896 0,897 0,897 0,899

1 000 0,899 0,900 0,900 0,901 0,902
1 039 0,903 0,903 0,903 0,904 0,905
1 077 0,906 0,906 0,906 0,907 0,908
1 115 0,908 0,909 0,909 0,910 0,911
1 153 0,911 0,911 0,911 0,912 0,913
1 192 0,913 0,914 0,914 0,915 0,916
1 230 0,916 0,916 0,916 0,917 0,918
1 268 0,918 0,918 0,918 0,919 0,920
1 307 0,920 0,920 0,921 0,921 0,922
1 345 0,922 0,922 0,923 0,923 0,924
1 383 0,924 0,924 0,924 0,925 0,926
1 421 0,926 0,926 0,926 0,927 0,927
1 460 0,928 0,928 0,928 0,928 0,929
1 498 0,929 0,929 0,929 0,930 0,931
1 536 0,931 0,931 0,931 0,931 0,932
1 575 0,932 0,932 0,932 0,933 0,934
1 613 0,934 0,934 0,934 0,934 0,935
1 651 0,935 0,935 0,935 0,936 0,936
1 689 0,936 0,936 0,937 0,937 0,937 
1 728 0,938 0,938 0,938 0,938 0,939 
1 766 0,939 0,939 0,939 0,939 0,940 
1 804 0,940 0,940 0,940 0,940 0,941 
1 843 0,941 0,941 0,941 0,941 0,942 
1 881 0,942 0,942 0,942 0,942 0,943 
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C.2 Calculations for a conductive disk with a radius R = 200 mm  

Results of the computation of the coupling factor for non-uniform magnetic fields K, as a 
function of the distance d, are given hereunder in form of parametric curves, for different 
values of distances between the 2 wires (parameter e): see Figures C.8 and C.9. 
Corresponding numerical values are given in Tables C.3 and C.4.  

The distance d is the minimum distance between the edge of the disk and the closest part of 
the source (i.e. the closest wire). 

C.2.1 Calculations for short distances to the source: 0 < d < 300 mm 
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Figure C.8 – Parametric curves of factor K for distances up to 300 mm to a source 

consisting of 2 parallel wires with balanced currents and for  
different distances e between the 2 wires  

(homogeneous disk R = 200 mm) 
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Table C.3 – Numerical values of factor K for distances up to 300 mm to a source 
consisting of 2 parallel wires with balanced currents  

(homogeneous disk: R = 200 mm) 

Source: 2 parallel wires with balanced currents separated by a distance e 

Distance between 
the source and 

the disk  
 mm 

e = 5 mm e = 10 mm e = 20 mm e = 40 mm e = 80 mm 

10 0,056 0,065 0,078 0,093 0,111 

20 0,106 0,115 0,130 0,150 0,174 

30 0,150 0,159 0,173 0,194 0,221 

40 0,189 0,197 0,211 0,232 0,260 

50 0,224 0,231 0,244 0,264 0,293 

60 0,255 0,262 0,274 0,294 0,321 

70 0,284 0,290 0,301 0,320 0,347 

80 0,310 0,316 0,326 0,344 0,370 

90 0,334 0,339 0,349 0,366 0,391 

100 0,356 0,361 0,370 0,386 0,411 

110 0,377 0,381 0,390 0,405 0,428 

120 0,396 0,400 0,408 0,423 0,445 

130 0,414 0,418 0,425 0,439 0,461 

140 0,430 0,434 0,442 0,454 0,475 

150 0,446 0,450 0,457 0,469 0,489 

160 0,461 0,465 0,471 0,483 0,502 

170 0,475 0,478 0,485 0,496 0,514 

180 0,488 0,491 0,497 0,508 0,526 

190 0,501 0,504 0,509 0,520 0,537 

200 0,513 0,516 0,521 0,531 0,547 

210 0,524 0,527 0,532 0,541 0,557 

220 0,535 0,537 0,542 0,551 0,566 

230 0,545 0,548 0,552 0,561 0,575 

240 0,555 0,557 0,562 0,570 0,584 

250 0,564 0,566 0,571 0,579 0,592 

260 0,573 0,575 0,579 0,587 0,600 

270 0,582 0,584 0,588 0,595 0,608 

280 0,590 0,592 0,596 0,603 0,615 

290 0,598 0,600 0,603 0,610 0,622 

300 0,605 0,607 0,611 0,617 0,629 
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C.2.2 Calculations for higher distances 0 < d < 1 900 mm 
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Figure C.9 – Parametric curves of factor K for distances up to 1 900 mm to a source 
consisting of 2 parallel wires with balanced currents and for  

different distances e between the 2 wires  
(homogeneous disk R = 200 mm) 
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Table C.4 – Numerical values of factor K for distances up to 1 900 mm to a source 
consisting of 2 parallel wires with balanced currents  

(homogeneous disk: R = 200 mm) 

Source: 2 parallel wires with balanced currents separated by a distance e 

Distance between the 
source and the disk  

  mm 
e = 5 mm e = 10 mm e = 20 mm e = 40 mm e = 80 mm 

5 0,029 0,036 0,045 0,056 0,066
43 0,201 0,209 0,222 0,243 0,271
82 0,314 0,319 0,330 0,347 0,373

120 0,395 0,400 0,408 0,422 0,445
158 0,458 0,462 0,468 0,480 0,499
196 0,509 0,511 0,517 0,527 0,543
235 0,550 0,552 0,557 0,565 0,579
273 0,584 0,586 0,590 0,597 0,610
311 0,614 0,615 0,619 0,625 0,636
350 0,639 0,640 0,643 0,649 0,659
388 0,661 0,662 0,665 0,670 0,678
426 0,680 0,682 0,684 0,688 0,696
464 0,698 0,699 0,701 0,705 0,712
503 0,713 0,714 0,716 0,719 0,726
522 0,720 0,721 0,723 0,726 0,732
541 0,727 0,728 0,729 0,733 0,738
579 0,739 0,740 0,742 0,745 0,750
618 0,751 0,751 0,753 0,756 0,760
656 0,761 0,762 0,763 0,766 0,770
694 0,771 0,771 0,772 0,775 0,779
732 0,780 0,780 0,781 0,783 0,787
771 0,788 0,788 0,789 0,791 0,795
790 0,791 0,792 0,793 0,795 0,798
809 0,795 0,796 0,796 0,798 0,802
847 0,802 0,803 0,803 0,805 0,808
886 0,809 0,809 0,810 0,811 0,814
924 0,815 0,815 0,816 0,817 0,820
962 0,820 0,821 0,821 0,823 0,825

1 000 0,826 0,826 0,827 0,828 0,830
1 039 0,831 0,831 0,832 0,833 0,835
1 077 0,835 0,836 0,836 0,837 0,840
1 115 0,840 0,840 0,841 0,842 0,844
1 153 0,844 0,844 0,845 0,846 0,848
1 192 0,848 0,848 0,849 0,850 0,852
1 230 0,852 0,852 0,852 0,853 0,855
1 268 0,855 0,856 0,856 0,857 0,859
1 307 0,859 0,859 0,859 0,860 0,862
1 345 0,862 0,862 0,863 0,863 0,865
1 383 0,865 0,865 0,866 0,866 0,868
1 421 0,868 0,868 0,869 0,869 0,871
1 460 0,871 0,871 0,871 0,872 0,873
1 498 0,873 0,874 0,874 0,875 0,876
1 536 0,876 0,876 0,876 0,877 0,878
1 575 0,878 0,879 0,879 0,880 0,881
1 613 0,881 0,881 0,881 0,882 0,883
1 651 0,883 0,883 0,884 0,884 0,885
1 689 0,885 0,885 0,886 0,886 0,887
1 709 0,886 0,886 0,887 0,887 0,888
1 728 0,887 0,887 0,888 0,888 0,889
1 766 0,889 0,889 0,890 0,890 0,891
1 804 0,891 0,891 0,892 0,892 0,893
1 843 0,893 0,893 0,894 0,894 0,895
1 881 0,895 0,895 0,895 0,896 0,897
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Annex D  
(normative) 

 
Disk in a magnetic field created by a circular coil 

 

The induced currents are calculated in a disk of homogeneous conductivity. In order to allow 
comparison between different field sources configurations (depending on geometry of the 
source and distance to the disk) the following standard values have been chosen:  

– f, frequency = 50 Hz (see note 2 in 3.5); 
– B, magnetic flux density = 1,25 µT , at the edge of the disk closer to the field source; 
– R, radius of the conductive disk = 100 mm and 200 mm; 

– σ, conductivity (homogeneous) = 0,2 S/m. 

In this annex, the magnetic field is generated by an alternating current flowing through a 
circular coil (simplified representation of a localized source). The conductive disk and the coil 
are located in the same plane, at a distance d (see Figure D.1). 

The distance d is the minimum distance between the edge of the disk and the closer part of 
the source.  

The evolution of the coupling factor for non-uniform magnetic field K is studied with regard to 
the distance d for: 

– exposure close to the source: 0 < d < 300 mm; 
– exposure at higher distance: 0 < d < 1 900 mm. 

For each distance d, the factor K is calculated for different sources (i.e. different coil radius: 
r = 2,5 mm, 5 mm, 10 mm, 20 mm, 40 mm, 80 mm and 160 mm). 

For illustration of induced currents computations, 2 distances are studied (d = 5 mm and 
850 mm) with different values of the coil radius (r = 10 mm, 50 mm and 200 mm). 

 
Standardised value of B at 
the edge of the disk: 1,25 µT 
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Coil current 
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 Figure D.1 – Conductive disk in a magnetic field created by a coil 
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D.1 Calculations for a conductive disk with a radius R = 100 mm  

D.1.1 Examples of calculation of inducted currents in the disk 

D.1.1.1 Coil radius r = 50 mm, d = 5 mm 

Results of the computation of local induced currents in the disk are given hereunder in form of 
graphs giving the shape of the distribution of induced currents in the disk (Figure D.2). The 
curve in Figure D.3 gives the numerical values of the distribution of the induced currents 
integrated over a surface of 1 cm2 perpendicular to the induced current direction. 

  

Figure D.2 – Current density lines J and distribution of J in the disk  
(source: coil of radius r = 50 mm, conductive disk R = 100 mm, d = 5 mm)  
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Figure D.3 – Ji = f [r]: Distribution of integrated induced current density  
calculated along the diameter AA of the disk  

(source: coil of radius r = 50 mm, conductive disk R = 100 mm, d = 5 mm)  

NOTE The diameter AA is located as illustrated in Figures D.1 and D.2. 
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D.1.1.2 Coil radius r = 50 mm, d = 850 mm 

Results similar to those given in Annexes B and C for high values of d, and so, also similar to 
the case of the uniform field (Annex A).  

D.1.1.3 Coil radius r = 200 mm, d = 5 mm 

Results of the computation of local induced currents in the disk are given hereunder in form of 
graphs giving the shape of the distribution of induced currents in the disk (Figure D.4). The 
curve in Figure D.5 gives the numerical values of the distribution of the induced currents 
integrated over a surface of 1 cm2 perpendicular to the induced current direction. 

   

Figure D.4 – Current density lines J and distribution of J in the disk  
(source: coil of radius r = 200 mm, conductive disk R = 100 mm, d = 5 mm)  
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 Figure D.5 – Ji = f [r]: Distribution of integrated induced current density  
calculated along the diameter AA of the disk  

(source: coil of radius r = 200 mm, conductive disk R = 100 mm, d = 5 mm)  

NOTE The diameter AA is located as illustrated in Figures D.1 and D.4.  
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D.1.1.4 Coil radius = 10 mm, d = 5 mm 

Results of the computation of local induced currents in the disk are given hereunder in form of 
graphs giving the shape of the distribution of induced currents in the disk (Figure D.6). The 
curve in Figure D.7 gives the numerical values of the distribution of the induced currents 
integrated over a surface of 1 cm2 perpendicular to the induced current direction. 

  

Figure D.6 – Current density lines J and distribution of J in the disk 
(source: coil of radius r = 10 mm, conductive disk R = 100 mm, d = 5 mm)  
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 Figure D.7 – Ji = f [r]: Distribution of integrated induced current density  
calculated along the diameter AA of the disk 

 (source: coil of radius r = 10 mm, conductive disk R = 100 mm, d = 5 mm)  

NOTE The diameter AA is located as illustrated in Figures D.1 and D.6.  
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D.1.2 Calculated values of the coupling factor for non-uniform magnetic field K 

Results of the computation of the coupling factor for non-uniform magnetic fields K, as a 
function of the distance d, are given hereunder in the form of parametric curves, for different 
values of the radius of the source (parameter r , see Figures D.8 and D.9). Corresponding 
numerical values are given in Tables D.1 and D.2.  

The distance d is the minimum distance between the edge of the disk and the closest part of 
the source. 

D.1.2.1 Exposure close to the source: 0 < d < 300 mm, R = 100 mm 

 

0 

0,1 

0,2 

0,3 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

1,0 

0 50 100 150 200 250 300 350

Distance between the source and the human disk (mm) 

K
 (p

.u
.) 

K: coil r2,5

K: coil r5

K: coil r10

K: coil r20

K: coil r40

K: coil r80

K: coil r160

IEC   1582/04 

 

Figure D. 8 – Parametric curves of factor K for distances up to 300 mm to a source 
consisting of a coil and for different coil radius r 

(homogeneous disk R = 100 mm) 
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 Table D.1 – Numerical values of factor K for distances up to 300 mm  
to a source consisting of a coil  

(homogeneous disk: R = 100 mm) 

Value of the coil radius  
mm 

Distance between 
the source and 

the disk  
mm 2,5 5 10 20 40 80 160 

10 0,034 0,042 0,056 0,078 0,106 0,139 0,166 

20 0,080 0,090 0,107 0,134 0,170 0,214 0,258 

30 0,126 0,136 0,153 0,181 0,220 0,268 0,318 

40 0,169 0,178 0,195 0,222 0,261 0,311 0,364 

50 0,208 0,217 0,233 0,259 0,297 0,347 0,401 

60 0,244 0,252 0,267 0,292 0,329 0,378 0,433 

70 0,277 0,285 0,298 0,322 0,358 0,405 0,460 

80 0,308 0,315 0,327 0,349 0,383 0,430 0,483 

90 0,336 0,342 0,354 0,374 0,407 0,452 0,504 

100 0,361 0,367 0,378 0,397 0,428 0,472 0,523 

110 0,385 0,391 0,401 0,419 0,448 0,490 0,540 

120 0,407 0,412 0,422 0,439 0,467 0,507 0,555 

130 0,428 0,433 0,442 0,458 0,484 0,523 0,570 

140 0,447 0,451 0,460 0,475 0,500 0,537 0,583 

150 0,465 0,469 0,477 0,491 0,515 0,551 0,595 

160 0,482 0,486 0,493 0,507 0,529 0,563 0,606 

170 0,497 0,501 0,508 0,521 0,543 0,575 0,617 

180 0,512 0,516 0,522 0,534 0,555 0,586 0,627 

190 0,526 0,529 0,536 0,547 0,567 0,597 0,636 

200 0,539 0,542 0,548 0,559 0,578 0,607 0,645 

210 0,552 0,555 0,560 0,571 0,589 0,617 0,654 

220 0,563 0,566 0,572 0,582 0,599 0,626 0,662 

230 0,575 0,577 0,582 0,592 0,608 0,634 0,669 

240 0,585 0,588 0,593 0,602 0,617 0,642 0,676 

250 0,595 0,598 0,602 0,611 0,626 0,650 0,683 

260 0,605 0,607 0,612 0,620 0,634 0,658 0,689 

270 0,614 0,616 0,620 0,628 0,642 0,665 0,696 

280 0,623 0,625 0,629 0,636 0,650 0,671 0,702 

290 0,631 0,633 0,637 0,644 0,657 0,678 0,707 

300 0,639 0,641 0,645 0,652 0,664 0,684 0,713 
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D.1.2.2 Exposure at distance: 0 < d < 1 900 mm, R = 100 mm 
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 Figure D.9 – Parametric curves of factor K for distances up to 1 900 mm to a source 
consisting of a coil and for different coil radius r 

(homogeneous disk R = 100 mm) 
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 Table D.2 – Numerical values of factor K for distances up to 1 900 mm  
to a source consisting of a coil  

(homogeneous disk: R = 100 mm) 

Value of the coil radius  
mm 

Distance between 
the source and 

 the disk  
mm 2,5 5 10 20 40 80 160 

5 0,013 0,019 0,029 0,044 0,064 0,083 0,096 
43 0,182 0,191 0,208 0,234 0,274 0,324 0,377 
82 0,312 0,319 0,331 0,353 0,387 0,433 0,487 

120 0,407 0,412 0,422 0,439 0,467 0,507 0,555 
158 0,479 0,483 0,490 0,504 0,527 0,561 0,604 
196 0,535 0,538 0,544 0,555 0,574 0,604 0,642 
235 0,580 0,582 0,587 0,597 0,613 0,638 0,672 
273 0,617 0,619 0,623 0,631 0,645 0,667 0,697 
311 0,648 0,650 0,653 0,660 0,672 0,691 0,719 
350 0,674 0,676 0,679 0,684 0,695 0,712 0,737 
388 0,697 0,698 0,701 0,706 0,715 0,730 0,752 
426 0,716 0,717 0,720 0,724 0,732 0,746 0,766 
464 0,733 0,734 0,737 0,740 0,748 0,760 0,778 
503 0,749 0,750 0,751 0,755 0,761 0,772 0,789 
541 0,762 0,763 0,765 0,768 0,774 0,784 0,799 
579 0,774 0,775 0,777 0,779 0,785 0,794 0,808 
618 0,785 0,786 0,787 0,790 0,795 0,803 0,816 
656 0,795 0,796 0,797 0,799 0,804 0,811 0,824 
694 0,804 0,805 0,806 0,808 0,812 0,819 0,831 
732 0,812 0,813 0,814 0,816 0,820 0,826 0,837 
771 0,820 0,821 0,821 0,823 0,827 0,833 0,843 
809 0,827 0,827 0,828 0,830 0,833 0,839 0,848 
847 0,834 0,834 0,835 0,836 0,839 0,844 0,853 
886 0,839 0,840 0,841 0,842 0,845 0,850 0,858 
924 0,845 0,845 0,846 0,847 0,850 0,855 0,862 
962 0,850 0,850 0,851 0,852 0,855 0,859 0,867 

1 000 0,855 0,855 0,856 0,857 0,859 0,863 0,870 
1 039 0,860 0,860 0,860 0,861 0,864 0,867 0,874 
1 077 0,864 0,864 0,865 0,866 0,868 0,871 0,878 
1 115 0,868 0,868 0,869 0,869 0,871 0,875 0,881 
1 153 0,872 0,872 0,872 0,873 0,875 0,878 0,884 
1 192 0,875 0,875 0,876 0,877 0,878 0,881 0,887 
1 230 0,878 0,879 0,879 0,880 0,881 0,884 0,890 
1 268 0,882 0,882 0,882 0,883 0,884 0,887 0,892 
1 307 0,885 0,885 0,885 0,886 0,887 0,890 0,895 
1 345 0,887 0,888 0,888 0,889 0,890 0,893 0,897 
1 383 0,890 0,890 0,891 0,891 0,893 0,895 0,899 
1 421 0,893 0,893 0,893 0,894 0,895 0,897 0,901 
1 460 0,895 0,895 0,896 0,896 0,897 0,900 0,904 
1 498 0,898 0,898 0,898 0,899 0,900 0,902 0,906 
1 536 0,900 0,900 0,900 0,901 0,902 0,904 0,907 
1 575 0,902 0,902 0,902 0,903 0,904 0,906 0,909 
1 613 0,904 0,904 0,904 0,905 0,906 0,908 0,911 
1 651 0,906 0,906 0,906 0,907 0,908 0,909 0,913 
1 689 0,908 0,908 0,908 0,909 0,910 0,911 0,914 
1 728 0,910 0,910 0,910 0,910 0,911 0,913 0,916 
1 766 0,911 0,911 0,912 0,912 0,913 0,914 0,917 
1 804 0,913 0,913 0,913 0,914 0,914 0,916 0,919 
1 843 0,914 0,915 0,915 0,915 0,916 0,918 0,920 
1 881 0,916 0,916 0,916 0,917 0,918 0,919 0,922 
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D.2 Calculations for R = 200 mm 

Results of the computation of the coupling factor for non-uniform magnetic fields K, as a 
function of the distance d, are given hereunder in the form of parametric curves, for different 
values of the radius of the source (parameter r , see Figures D.10 and D.11). Corresponding 
numerical values are given in Tables D.3 and D.4.  

The distance d is the minimum distance between the edge of the disk and the closest part of 
the source. 

D.2.1 Exposure close to the source: 0 < d < 300 mm 
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 Figure D.10 – Parametric curves of factor K for distances up to 300 mm to a source 
consisting of a coil and for different coil radius r 

(homogeneous disk R = 200 mm) 
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 Table D.3 – Numerical values of factor K for distances up to 300 mm  
to a source consisting of a coil  

(homogeneous disk: R = 200 mm) 

Value of the coil radius  
mm 

Distance 
between the 
source and  

the disk  
mm 

2,5 5 10 20 40 80 160 

10 0,018 0,023 0,031 0,043 0,060 0,082 0,102 

20 0,044 0,050 0,060 0,076 0,099 0,129 0,163 

30 0,071 0,077 0,087 0,105 0,131 0,165 0,205 

40 0,097 0,103 0,113 0,131 0,159 0,196 0,239 

50 0,122 0,128 0,138 0,156 0,184 0,222 0,268 

60 0,146 0,151 0,161 0,179 0,207 0,246 0,293 

70 0,169 0,174 0,183 0,201 0,228 0,267 0,315 

80 0,190 0,195 0,204 0,221 0,248 0,287 0,336 

90 0,211 0,215 0,224 0,240 0,267 0,305 0,354 

100 0,230 0,235 0,243 0,259 0,284 0,322 0,371 

110 0,249 0,253 0,261 0,276 0,301 0,338 0,386 

120 0,266 0,270 0,278 0,293 0,317 0,353 0,401 

130 0,283 0,287 0,295 0,308 0,332 0,368 0,415 

140 0,299 0,303 0,310 0,323 0,346 0,381 0,427 

150 0,315 0,318 0,325 0,338 0,360 0,394 0,440 

160 0,329 0,333 0,339 0,352 0,373 0,406 0,451 

170 0,343 0,347 0,353 0,365 0,385 0,418 0,462 

180 0,357 0,360 0,366 0,377 0,397 0,429 0,472 

190 0,370 0,373 0,379 0,390 0,409 0,440 0,482 

200 0,382 0,385 0,391 0,401 0,420 0,450 0,491 

210 0,394 0,397 0,402 0,412 0,430 0,460 0,500 

220 0,405 0,408 0,413 0,423 0,441 0,469 0,509 

230 0,416 0,419 0,424 0,434 0,451 0,478 0,517 

240 0,427 0,429 0,434 0,444 0,460 0,487 0,525 

250 0,437 0,439 0,444 0,453 0,469 0,495 0,533 

260 0,447 0,449 0,454 0,462 0,478 0,503 0,540 

270 0,456 0,459 0,463 0,471 0,486 0,511 0,547 

280 0,465 0,468 0,472 0,480 0,495 0,519 0,554 

290 0,474 0,476 0,481 0,488 0,503 0,526 0,561 

300 0,483 0,485 0,489 0,497 0,510 0,533 0,567 
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D.2.2 Exposure at higher distance: 0 < d < 1 900 mm 
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Figure D.11 – Parametric curves of factor K for distances up to 1 900 mm to a source 
consisting of a coil and for different coil radius r 

(homogeneous disk R = 200 mm) 
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 Table D.4 – Numerical values of factor K for distances up to 1 900 mm  
to a source consisting of a coil  

(homogeneous disk: R = 200 mm) 

Value of the coil radius  
mm 

Distance 
between the 
source and  

the disk  
mm 

2,5 5 10 20 40 80 160 

5 0,006 0,010 0,015 0,024 0,036 0,048 0,062 
43 0,105 0,111 0,122 0,139 0,167 0,205 0,249 
82 0,193 0,198 0,208 0,224 0,251 0,290 0,339 

101 0,232 0,236 0,245 0,260 0,286 0,323 0,372 
139 0,298 0,301 0,309 0,322 0,345 0,380 0,426 
158 0,327 0,330 0,337 0,349 0,370 0,404 0,449 
196 0,378 0,381 0,386 0,397 0,416 0,446 0,488 
235 0,421 0,424 0,429 0,438 0,455 0,482 0,521 
273 0,459 0,461 0,466 0,474 0,489 0,514 0,550 
311 0,492 0,494 0,498 0,505 0,519 0,541 0,574 
350 0,521 0,523 0,527 0,533 0,545 0,565 0,596 
388 0,547 0,549 0,552 0,558 0,569 0,587 0,616 
426 0,570 0,572 0,575 0,580 0,590 0,607 0,633 
464 0,591 0,593 0,595 0,600 0,609 0,625 0,649 
503 0,610 0,611 0,614 0,618 0,626 0,641 0,664 
541 0,628 0,629 0,631 0,635 0,642 0,655 0,677 
579 0,643 0,644 0,646 0,650 0,657 0,669 0,689 
618 0,658 0,659 0,660 0,664 0,670 0,682 0,700 
656 0,671 0,672 0,673 0,677 0,682 0,693 0,711 
694 0,683 0,684 0,685 0,688 0,694 0,704 0,720 
732 0,695 0,695 0,697 0,699 0,704 0,714 0,729 
771 0,705 0,706 0,707 0,710 0,714 0,723 0,738 
809 0,715 0,715 0,717 0,719 0,724 0,732 0,746 
847 0,724 0,725 0,726 0,728 0,732 0,740 0,753 
886 0,733 0,733 0,734 0,736 0,740 0,748 0,760 
924 0,741 0,741 0,742 0,744 0,748 0,755 0,767 
962 0,748 0,749 0,750 0,752 0,755 0,762 0,773 

1 000 0,755 0,756 0,757 0,758 0,762 0,768 0,779 
1 039 0,762 0,763 0,763 0,765 0,768 0,774 0,784 
1 077 0,768 0,769 0,770 0,771 0,774 0,780 0,789 
1 115 0,774 0,775 0,776 0,777 0,780 0,785 0,794 
1 153 0,780 0,781 0,781 0,783 0,785 0,790 0,799 
1 192 0,786 0,786 0,787 0,788 0,790 0,795 0,804 
1 230 0,791 0,791 0,792 0,793 0,795 0,800 0,808 
1 268 0,796 0,796 0,796 0,798 0,800 0,804 0,812 
1 307 0,800 0,801 0,801 0,802 0,804 0,809 0,816 
1 345 0,805 0,805 0,806 0,807 0,809 0,813 0,820 
1 383 0,809 0,809 0,810 0,811 0,813 0,817 0,823 
1 421 0,813 0,813 0,814 0,815 0,817 0,820 0,827 
1 460 0,817 0,817 0,818 0,819 0,820 0,824 0,830 
1 498 0,821 0,821 0,821 0,822 0,824 0,827 0,833 
1 536 0,824 0,824 0,825 0,826 0,827 0,831 0,837 
1 575 0,828 0,828 0,828 0,829 0,831 0,834 0,839 
1 613 0,831 0,831 0,831 0,832 0,834 0,837 0,842 
1 651 0,834 0,834 0,835 0,835 0,837 0,840 0,845 
1 689 0,837 0,837 0,838 0,838 0,840 0,843 0,848 
1 728 0,840 0,840 0,840 0,841 0,843 0,845 0,850 
1 766 0,843 0,843 0,843 0,844 0,845 0,848 0,853 
1 804 0,845 0,846 0,846 0,847 0,848 0,850 0,855 
1 843 0,848 0,848 0,849 0,849 0,850 0,853 0,857 
1 881 0,851 0,851 0,851 0,852 0,853 0,855 0,860 
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Annex E  
(informative) 

 
Simplified approach of electromagnetic phenomena 

 

The magnetic field distribution from the three sources can be calculated using the well-known 
equations for electromagnetic phenomena. A wire with length dl and supplied by a current I, 
creates in the air a flux density B and a magnetic field H (Biot and Savart law) as: 

 3
0

4 r
rlIdµ

B
rr

r ∧
π

=   (E-1) 

and 
0µ

BH =   (E-2) 

where r is the distance between element dl and the calculation point of B. 

This basic relationship shows that B and H are directly proportional to the current, I, in air. 
Then, the field created by simple sources (such as infinitely long wires, a circular loop, a 
solenoid,...) can be calculated analytically. Depending on the type of source, B and H 
decrease rapidly with the distance: 1/r, 1/r2 or 1/r3.  

More generally, if the Ampere's law is used: 

 ∫ =
c

nIHdl  (E-3) 

B and H depend on the geometry of the source, the number n of turns (for coils) and the 
current I flowing in it. 

The magnetic flux through a surface S derives from the induction by: 

 ∫∫= sdB
rr

.Φ  (E-4) 

In a material, even slightly conducting, an electromotive force (e.m.f.) V is induced by this 
time varying magnetic flux Φ (Lenz’s law): 

 
dt
dΦV −=  (E-5) 

If the current in the source is sinusoidal, the value of the electromotive force can be 
expressed in the form: 

 ΦV ω=  (E-6) 

where ω = 2πf and f is the frequency. 
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This electromagnetic field induces eddy current Ii in the material, whose distribution can be 
characterised by the current density J: 

 ∫∫= sdJIi
rr

.  (E-7) 

The intensity Ii of the induced currents in an object placed near the source current, depends 
directly on this electromagnetic field, and is therefore linked to the geometry of the source , its 
number of turns, the intensity and the frequency of the current in the inductor, and the 
distance between the object and the source. 

Furthermore, the very rapid increase of magnetic field when approaching the source confirms 
the importance to study these phenomena and their consequences in the human body placed 
near to the source. 
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Annex F  
(informative) 

 
Analytical calculation of magnetic field created by simple induction 

systems: 1 wire, 2 parallel wires with balanced currents and 1 circular coil 
 

F.1 Infinite straight wire 

Wire characteristics: no section, centred on (0,0,0) and oriented in the z-axis direction. 

Magnetic field value (Hx and Hy) at a point (x,y) are given by Ampère’s Law 
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F.2 Two parallel wires with balanced currents  

Wires characteristics: no section, centred on (0, -d/2,0) and (0, d/2,0) and oriented in the z-
axis direction. 

Distance between the 2 wires = d (in the direction of y axis). 

Magnetic field value (Hx and Hy) at a point (x,y): 
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F.3 Circular coil 

Coil characteristics: radius a, located in the XY-plane, centred on point (0,0,0), current I 
flowing in.  

Magnetic field value (radial Hr and vertical Hz) at a point (x,y,z): 
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where K and E are elliptical integrals of 1st and 2nd order. 
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Annex G  
(informative) 

 
Equation and numerical modelling of  

electromagnetic phenomena for a typical structure:  
conductive disk in electromagnetic field 

 

Maxwell’s equations are used to describe spatial and temporal electromagnetic phenomena.  

In the following equations, displacement currents (
t
D

∂
∂
r

+ ) are neglected: 

 JH
rr

=Curl  (G-1) 

 
t
B

E
∂
∂
r

r
−=Curl  (G-2) 

 0div =B
r

 (G-3) 

 0div =J
v

 (G-4) 

where [1]3) 
H is the magnetic field 
B is the magnetic induction 
E is the electric field 
J is the current density 

and for materials: 

 EJ
rr

σ=  (G-5) 

 ),( BHB
rrr

µ=  (G-6) 

where  

σ  is the electric conductivity 

µ   is the magnetic permeability 

Due to equation (G-4), there is an electric potential T: 

 TJ
vv

Curl=  (G-7) 

In 2D simulation (study in XY-plane ), T has only 1 component along z-axis and it can easily 
be demonstrated [1] that T ≡ H. 

___________ 
3) Figures in square brackets refer to the bibliography. 
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These different equations can be combined to form a single equation: 

 
t

B
H

∂

∂
=∇

v
v

σ2
 (G-8) 

And in our particular case (“human“ object in different fields created by simple source), the 
magnetic permeability µ equals µ0. The equation becomes: 

 
t

H
H

∂

∂
=∇

v
v

0
21

µ
σ

 (G-9) 

The magnetic field can be separated in 2 terms: H = Hex + Hr 

Hex: excitation field ( created by source currents )  
Hr:   reaction field ( created by induced currents )  

The reaction of induced current in the “human“ object on the excitation field can be neglected. 
In this case, the equation (G-9) can be limited to [1]: 

 
t
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rH

rH
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∂
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vv
v

00
21

µµ
σ

 (G-10) 

For simple excitation coils, the magnetic field Hex can be analytically calculated in air and in 
body. 

Numerical calculation by finite element method in 2D XY-plane allow to solve the equation  
(G-10). The field Hr(x,y,t), and induced current Jx(x,y), Jy(x,y) are calculated in all points of 
studied domain ( “human“ object ) by this method: 

 exHrHHJ
vvvv

CurlCurlCurl +==  (G-11) 

The term exH
v

Curl  is null except in the field source, so: 

 rHJ
vv

Curl=  (G-12) 

in the disk. 
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