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Abstract:
The interaction of Extremely Low Frequency (ELF) electric field in
human models can be described in quantitative manner through the use of
Maxwell’s equations. In the present study analysis of the induced current
densities in human body were carried out using axi-symmetry finite
elements method. Calculations of induced electric field and current
densities were carried out for two models A and B. under excitation by
uniform electric field of frequency 50 Hz at 1 Kv, electric field, which was
vertically described with respect to upright human models. Two
configurations were considered namely, the model placed 14 mm above
and in electrical contact with perfectly conducting ground. The electric
field distribution and current densities in the two models A and B resulting
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from the exposure to 1 Kv/m indicate pronounced differences between the
two models.
1. Introduction:
It is a well-established fact that either exposure to electric or
magnetic fields results in induction of electric fields and currents in
biological tissues. Beginning with publication of the original (1) concern has
gradually increased about the possible health impact of exposure in EMFs.
Numerical methods are often employed to determine the field distributions
within or around a human body from realistic electromagnetic sources.
Varies articles have been published in the field of numerical computation
of induced fields in a human body (2-3). Numerical techniques used range
from solution of the integral equation by the method of moments (4-5) to the
finite element method (6), to the boundary element method (7) and the finite
difference technique (8-9). Computational dosimetry of contact currents for
human models has been recently performed (10-11). However, all these
suggested models did not satisfy realistic conditions of human organs and
geometry and then lead to discrepancy between the calculated values of the
fields and those measured experimentally. This paper focus on quantifying
the ELF electric field by assuming the models (low and high resolution
namely A and B), Finite elements method using Galerkin approach (15) was
applied to the analysis of current densities and field strengths inside a
model. Mawell’s equations in differential form are solved to obtain the
harmonic electric field.
2. Human Body Model:
The finite element method applied on human models were modeled
with low (homogeneity) and high resolution heterogeneity) namely A and
B (Fig.1-2). In case of low resolution, the calculations were performed
using a mesh for an overall domain composed of 553 triangles the
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conductivity and permittivity of the body tissue are constant at any portion
of the body where the conductivity (σ) is 0.047 S/m. which corresponds to
those of brain tissue (12) and permittivity (ε) is 106ε0 c, F/m. In case of high
resolution the number of nodes was 752 with 1377 triangle elements. The
conductivities of the various tissues at 50 Hz inside the model were
assigned a recently values (13-14).

Fig. (1) Human model A

Fig. (2) Human model B

3. Numerical methods:
3.1 Assumption:
A two-dimensional domain is described in terms of Cartesian
coordinates (x,y). An object representing the model of maximum
dimension L and electrical conductivity (σ), permittivity (ε) respectively
located as shown in this domain (Fig.1-2) and subjected to time harmonic
electric field E=E0ejwt. The domain is assumed to be composed of two
simply connected regions one of them is conducting and the other is the
free space. It is assumed that the applied field frequency is sufficiently low
that the body is much smaller than both the free-space wavelength
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L<<λ<<2π/ω, and the skin depth, δ = (ωµs//2)-½, so that quasi-static
condition is satisfied.
3.2 The finite element method:
The target body is split into triangle cells as shown in Fig. (1-2). The
governing equation for the system is:
δ 2ϕ=0……………………………………………. (1)
This equation is applied for governing the voltage distribution (ϕ) in
a human body. The domain is formulated as follows:
Governing equations
in human body
2
ϕ1=0………………………….…..(2)
In empty
2
ϕ2=0………………………………(3)
Boundary conditions
ϕ = prescribed value (1000 Volt)…...(4)

 0 …………………………………………….…. (5)
n

On the interface

1  2 ………………………………………………..(6)
1  2 


………………………………….……(7)
0

Finite element analysis is presented here for the governing basic
equation using linear triangle elements (eq.1) with the appropriate
boundary conditions of eqns.(2-7) formulated using the galerkin procedure
(15) with interpolation functions as a weighted residual to derive the finite
element equation.
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4. Results:
4. 1 total induced current:
Calculation of induced electric field and current densities were
carried out for excitation by uniform 50 Hz, 1-kV/m vertical electric field.
The induced current density on the surface of the model are expressed in
terms of Maxwell’s displacement current (εωEs) where Es is a local surface
electric field. Thus, the total induced current can be calculated through the
use of the following equation:
Is = Ɛoω ∫ Esds……..…………………………..…(8)
Where s is the surface area Fig. (3) shows the calculated values of
total induced current on the two human models as a function of height. The
data in figure are similar to those obtained by (2). The analytical expression
which best fits the calculated results of the total currents induced in the
human body could be written as
Is = 5.4. 10-9.H2.f/60……..……………………..…(9)
Where H is the height of the model in m. This expression applies to
the case where a man has both hands by the side of the body.

Fig.(3) : Cummulative
distribution of the surface current
for model A and B in 50 Hz
vertical electric field of 1-kV/m:
in contact with perfect ground
(GD)
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4.2. Internal electric field and current density
Fig. (4-5) show the calculated values of the field strengths (mV/m)
distribution and current densities (mA/m2) in the longitudinal section inside
model A resulting from the exposure to an external field strengths (1kV/m). Each figure contains two curves; the dotted curve is for 14 mm
above perfect ground while the solid curve pertains to ground case.

Fig.(4): Low resolution electric field distribution for
model A in 50-Hz vertical electric field of 1-kV/m: 14
mm above a perfect ground (GP); and in contact with
perfect ground (GD).

Fig.(5): Low resolution current density for model A in 50Hz vertical electric field of 1-kV/m: 14 mm above a
perfect ground (GP); and in contact with perfect ground
(GD).

The results of the numerical calculations for the electric field
intensity and current density distribution resulting from the exposure of the
model B to 1-kV/m, 50 Hz electric field in the vertical direction are shown
in Fig. (6-7) respectively. The dark line in the figures is for the model
directly contacted with ground and the dotted line is for the insulated model
from the ground.
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Fig.(6): High resolution electric field distribution for model B in
50-Hz vertical electric field of 1-kV/m: 14 mm above a perfect
ground (GP); and in contact with perfect ground (GD).

Fig.(7): High resolution current density for model B
in 50-Hz vertical electric field of 1-kV/m: 14 mm
above a perfect ground (GP); and in contact with
perfect ground (GD).

5. Discussion:
The electric field distribution and current densities in the two models
A and B resulting from the exposure to 1-kV/m as shown in (Fig. 3-7)
indicate pronounced differences between the two models. However, the
calculated data for model A are supported by previous findings of (6-7) and
(11). In model B where the electrical conductivity of the different organs
were considered, the value of the induced electric filed strengths and
current densities in the different organs are much higher than for model A.
Cross section of the body parts play very important role in producing
the high values in the ankle region. According to the large cross section in
the neck as well as the chest regions due to the presence of arm (model A)
laying in electrically contact with the body, so the upper part of the body is
large and this in turn reduced the current flowing through this parts. The
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calculated values for these field strengths and current densities for model B
are similar to those previously (3) and (9). Where their calculation depends
on the application of finite difference method and use of horizontal cross
section in the model, while in the present study a longitudinal cross section
was applied using finite element. The present work gives more accurate
results due to the capability of the finite element method to deal with
complex geometry such as human body.
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