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to analysis of Interaction Between ELF-LF
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Abstract—This paper presents the use of equivalent electrodes
method, numerical method, based on surface-charge equation to
quantify the interaction of low frequencies electric fields with various
models of human body. The evaluation of the electric field intensity
on the body surface is performed for a realistic model of the human
body. Several examples for different postures of the model are given.

Index Terms—electric fields, human body, equipotential lines

1. INTRODUCTION

THE interaction of extremely low frequency (ELF, 0-100 Hz) electromagnetic fields
(EM) with the human body has become an increasingly important subject since
potential heath hazards due to the EM fields emitted by extremely high-voltage (EHV)
power lines and ELF antenna systems became a public concern.

In this paper, we report equivalent electrodes method [1] which utilizes a realistic
model of man with arbitrary shape and posture. Our method is developed on the basis
of an equation for the induced surface-charge density. The accuracy of our method has
been verified by experimental results [3] and other numerical results [2], [4] on the
induced electric fields at the surface of the body.

2. GEOMETRY AND APPROXIMATIONS

Consider a geometry of a human body standing on the ground and being exposed
to an electric field in the ELF-LF range. The impressed electric field, which is

produced by the power line is assumed to be of the form E = EQeJ°"z and the human

model is comprised of the large number of sections representing the various part of the
body.

To simplify the problem, the following approximations, which have been proved
valid [2], will be adopted.

a) The quasi-static approximation will be used since the body dimension is small
compared to the wavelength of the impressed electric field.

b) The body surface will be assumed to be equipotential with an unknown
potential (p.

c) The ground effect will be taken into account by the method of images.

3. SURFACE-CHARGE EQUATION AND NUMERICAL SOLUTION

The first step in our approach is to determine the surface charge induced of the
body surface by the impressed electric field.
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The body potential cp can be considered as the sum of i.he unknown potential

which is maintained by the induced surface charge (p? (r) and the known potential

<p0 (r) which is maintained by the impressed electric field:
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where rn and r'n are radius vectors of the electrical middle point of the element on

the body surface and his image.
When the body is shorted to the ground, body potential will be zero and equation

presented above produce following system of N linear equations with N unknowns:
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where

(3)
aem is equivalent radius of thin plate elements with rectangular form and 5mn is

Kronecker's symbol.
After the surface charge density is determined the induced electric field at the

body surface can be evaluated:

E, = J L = - 2 - . (4)

The electric field enhancement factor is defined as the ratio of the induced field on the
surface to the impressed electric field:

E IEh=-^—
s 0 F SFV 0

IV.NUMERICAL RESULTS

We investigated various models of the human body, and observed that the
numerical results vary significantly, depending on the body geometry and position.
The body surface was partitioned from 340 subareas for symetrical models to 1700
subareas for nonsymetrical models.
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Fig.la. Detailed view of the electric field enhancement factor for a human model
standing on the ground.

Fig.lb. Detailed view of the electric field enhancement factor for a human model
with extended arms.
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Fig.lc. Detailed view of the electric field enhancement factor for a human model
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with one arm stretched to the front
Fig. Id. Detailed view of the electric field enhancement factor for a human model

with one arm raised .

The results presented in Fig.la , Fig.lb., Fig lc and Fig. Id give a detailed view of
the electric field enhancement factor.
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From these figures it is evident that greater values of the enhancement factor exist
for upper part of the body than for the lower one. The values of the enhancement
factor on the legs and lower part of the body vary from 0.1 to 5.0, for the shoulders
14.5, on the head from 17.9 to 19.6 about different models. The largest values are
observed on the tip of the extended arms 28 , on the end of the stretched arm 27.10
and 38 on the tip of the raised arm, due to its sharp geometry. Equipotential lines in
the area where the human body standing is presented in Fig.2a, Fig. 2b, Fig. 2c and
Fig.2d. for different models.
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Fig. 2a. Equipotential lines in the vicinity
of the body for model with arms close
to the body.

Fig. 2b. Equipotential lines in the
vicinity of the body for
model with extended arms.

Fig. 2c. Equipotential lines in the vicinity of the body for model with one arm
stretched to the front.
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Fig. 2d. Equipotential lines in the vicinity of the body for
model with one arm raised.

The impressed electric field that is initially uniform becomes distorted in the
immediate vicinity of the human body, such that it is oriented everywhere
perpendicular to the body.

V.CONCLUSION
A numerical method based on surface charge-integral equation was used to

quantify the interaction between an ELF-LF electric field and human body which has
realistic shape and arbitrary posture in a realistic environment. The produced results
show that the body posture plays a very significant role on the calculated values of the
enhancement factor.

V. REFEREXCES

[1] D. Velickovic, "Equivalent electrodes method," Scientific review,Km. 21-22, pp. 207-248,
1996.

[2] K. Chen. H. Chuang, C. Lin, "Quantification of Interaction Between ELF- LF Electric
Fields and Human Bodies, "IEEE Transac. On Biomedical Engineering, vol.BME-ii, pp.
746-756, 1986.

[3] W. T. Kaune, W.C. Forsythe, "Current densities measured in human models exposed to 60
Hz electric fields," Bioeiectromagnetics, vol.6, pp. 13-32, 1985.

[4] A. Karanikolos, P. K. Pantelakis, E.E. Kriezis, "Interaction of ELF electromagnetic fields
with various models of human body," COMPEL-The international Journal for Computation
and Mathematics in Electrical and Electronics Engineering, voi.14, No.4 pp 275-278,
1995.

[5] V. Ceselkoska, "Computer analyses of the interaction of low frequencies electric fields
with various models of human body," International Scientific Conference of
Communication, electronic and computer systems 2000, pp 3-8, 2000.

237


