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Abstract: In This part of our work, we present a model based on a numerical calculation to solve the problem of the effects of radio 
frequency electromagnetic radiation on human ORL sphere and select a good protector against the electromagnetic field that is the 
human head- mobile interface. In other words, it is the effect of the use of mobile on human tissue. Indeed, it is an electromagnetic 
coupling between a source of electromagnetic energy and the human body. To solve the system of equations governing this problem, a 
finite element formulation coupled with boundary integral formulation that is adopted. The numerical results obtained with this method 
show the influence of characteristic parameters,(, σ,)of exterior medium on penetration electromagnetic field in human head. There 
inside the head we can evaluate electromagnetic energy at each point inside the human head sphere functioned characteristics 
parameters of exterior medium (the interface mobile- human head). 
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1. Introduction 
 
The development of communications without lines is huge; it 
reaches an advanced point on the scale of progress. This 
phenomenon contributes to the expansion in our society 
many electromagnetic waves based systems (mobile phone 
base station microwave ovens...). These have various 
biological effects such as tissue temperature rise, and other, 
which carries most of the current research. 
 
The objective of our study is to reach the ability to select 
aninterface mobile- human head by the use of numerical 
modeling of electromagnetic interaction between these two 
last elements. This allows energy assessment of 
electromagnetic fields in different parts of the human head 
model with worn as the variation of 
parameters(σ,,)interface mobile- human head, hence the 
electromagnetic field values are important and gradually 
decrease rapidly as one moves away from the antenna of the 
radio and that it approaches the center of the head. 
 
In our study, we are interested in the electromagnetic field 
radiated. figure.01. It shows a configuration of a model 
problem related to bio- electromagnetic compatibility, or the 
human head is spherical radius r containing the brain is 
considered to be homogeneous and isotropic, identified an 
external environment radius. Our sphere illuminated by 
electromagnetic radiation from a source located in the outer 
region, considered harmonic in time. 
 

 
Figure 1: Physical system 

 
In our study, we first apply the finite element method inside 
and on the head. We express the external environment by an 
integral representation. Itis based on the equivalent electric 
current K carried by the outer surface of the human head. 
These surface currents represent the jump of the tangential 
component of the magnetic field: 

 Khn 


][
                                    

(1)  
We realize the coupling of the two circles by calculation of 
integral-differential operator linking the traces of the 
tangential component of the electric field R and that of its 
rotation [5]: 

 )()( ecurlnenR                           (2)  
This term represents the period of the border in the 
variational formulation of the problem. We calculate the 
operator R using K as an intermediary unknown factor 
between the inner and outer problem. 

 

2. Formulation 
 

The physical system defined by the following equations: 
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- In the head: 
  0)(0  ecurlhi                      (3)  
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 hcurlei                      (4)  

- In the medium without external source: 
0)(

0
 ecurlhi                     (6) 

0)(
0

 hcurlei                    (7) 

Inaddition, we take in any system:  
 0hdiv ; 0ediv                      (8) 

With these equations, we take into account the conditions at 
infinity: 

)/1(0 re                                      (9) 
)/1(0 rh                                  (10) 

 We take as constant scalar functions in each different 
region, where h and e are the magnetic and electric fields 
respectively; σ is the electrical conductivity and the electrical 
permittivity,  and magnetic permeability. 

 

3. The Variational Problem 
 
In order to evaluate the electromagnetic field inside the 
human head and we formulate our problem in the electrical 
field: 

0)()(1
 eiiecurlcurl 


(11) 

 
Multiplying equation (12) by a test function of e 'and 
integrate the volume of the domain occupied by the Ωp 
human head, we have 
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The border of  and n is the outward unit normal to. The 
total electric field E is theoretically composed of two parts, 
one of the first reaction and the other of the source es 

 
rs eee                        (13) 

With this decomposition, we can write (12) as an integral 
equation where the unknown is er in the first term and the 
second member is a function of es... 
 
4. Calculation the Border Term 
 
In the integral equation (12) called border of term. The 
integral term on the other hand, the solution of the internal 
problem could not be the solution in de  this point it should 
be noted on the first hand that we cannot solve the problem 
without identifying the jump the tangential component of the 
magnetic field on the problem in the open space R3. Only the 
term border allows us to take into account the behavior of 
the field in the external environment. To treat the term of 
border, we will first formulate the problem and express its 
outdoor solution for traces of the border field. The system of 
equations (6) - (9) controls the behavior of the magnetic field 

in the external environment. The solution of the problem in 
the environment can written in the following integral form: 
 

 
Where K is the jump of the tangential component of the 
magnetic field:  

  Khn                                       (15) 
 The current equivalent area K filed on  is fictional. 

 

 
 It also known as an intermediate used to couple the internal 
and external problems. We will have K expressed as e. To 
keep the electric field E as the only unknown actor on  

   )(eRhn  .                                  (16)  
Our goal now is to calculate R. This calculation based on a 
variational formulation: 
 
5. Numerical Implementation 
 
Numerically solve the problem, the volume of study split 
into tetrahedral elements and the electric field vector E 
described in terms of basic functions Wij associated with the 
edges of these elements.  





N

i

iij eWe
1                                  

 (17)  

abbaijW  
                         

(18) 
 
Where N is the total number of edges of the mesh, Wij is the 
basic function of the vector associated with edge (ij) and e ij 
is the unknown problem that represents the flow of electric 
field along the edge (ij). i is the barycentric coordinate 
i..Tetrahedral associated with the node. 
 
We have developed the K currents on the basis function: 

ii gradxnx   )()(                         (19) 
And 

   

i

ii xPxK )()(                           (20) 

Where: 
 .i : Describes the top 
 Pi: the value of K in vertex i. 
 i: the coordinated barycentric. 
 . .n (X): normal vector on 
Our variational formulation can rewritten as the following 
linear forms: 
 

VVGR SeM   (21) 

CCGC SeM  (22) 
 Where: 
 21 MjRMM VG    

RMM GC  1  
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A: is a complete matrix of dimension 
(Nbat × nbat); it represents the boundary term of the 
approximate variational problem. 
M1 and M2. Are two matrices; their dimensions are 
(nbat × nbat); an element of these matrices is equal to zero 
only if (ij) and (kl) are not part of the same tetrahedron. 
 
6. Numerical Results 

 
Figure 2: Representation of a grid mesh 

 
Number of internal vertices 12025 
Number of border summits 2946 
Number of internal edges 73594 
Number of border edges 8832 
Number of facets131968 
Number of Border facets 5888 
Number of tetrahedral 64512 
Number of tetrahedral tangent 21280 
Number of Internal tetrahedral 43232 
 

7. Representation of Field 
 
With 
 Js = 100, R = 0, 2 VN1= -1, VN2 = 0, = 0 VN3 

 
Figure 3: Distribution of the electric field 

Source glued to the head f = 835MHz 
 

 
Figure 4: Distribution of the electric field E 

Source glued to the head f = 835MH 
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Figure 5: Distribution of Magnetic Field 

Source glued to the head f = 835MHz 

 
Figure 6: Distribution of the magnetic field H 

Source glued to the head f = 835MHz 

 
Figure 7: Distribution of the magnetic field 

Source glued to the head f = 1900MHz 
 

 
Figure 8: Distribution of magnetic field H. 

Source close to the head = 0.3m, f = 835MHz 
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Figure 9: Energy variation Er (ELM) as a function of the 

distance df = 835 MHz and f = 1900MHz 
 

 
Figure 10: Comparison between analytic results and 

numerical resultsSource glued to thehead f = 835MHz 
(σe= 0,45 S/m,εe= 16,40) 

 
Figure 11: Variation of the (,σ,µ)as a function of the 

frequency f (Hz) 
 

 
Figure 12: Comparison between analytical results and 

numerical results, Source far to the head, 
(σe= 0,45 S/m,εe= 16,40) 

 
Analytical study confirmed the energy dissipated in the 
human head, was vary with the distance between the human 
head and the electromagnetic source, and with the variation 
of exterior medium parameters (, σ, µ). 
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Then this comparison between the two studies (analytical 
and numerical), gave us a confirmation of our numerical 
method for the selection of materials for good Protector of 
the human head against the electromagnetic fields. 

 

8. Conclusion 
 
In this article, we have some numerical results to assess the 
penetration of the electromagnetic field in the human head. 
We considered a source of radio frequency electromagnetic 
radiation (cell) in front of a human head at different 
distances. We carry a coupling between the integral method 
of external borders and the method of finite elements inside 
the human head to solve our Problem. We use the parameters 
of the external medium (the air in our case) (,), which 
are in order the electrical permittivity, electrical conductivity 
and magnetic permeability.Numerical results show the 
contribution of each parameter of the external medium in the 
assessment of electromagnetic energy entering the human 
head, it will allow us to find the best protector for the human 
head based on the electromagnetic parameters (,). 
 
Hence they allow us to select the best material (external 
medium, protector), for a minimum of energy dissipated in 
the various points of our model (human head).Additionally, 
depending on the density of the source current, the geometry 
and the frequency of the radiating element. So it will lead us 
to a better biocompatibility in order to design several models 
of human head-mobile protecting interface 
 
Numerical results (as arrows) showing the change in the 
values and the form of electromagnetic energy in each point 
inside the human head by varying every time a single 
parameter. Given the number of paramétrés, we cannot 
expose all the results in this document. 
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