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ABSTRACT

We want to write a very important part of our resbaby a presentation with a numerical method, tvlaens to
solve the electromagnetic radiation effects of gddequency source on the human body. With othedgonvhat are
the effects of the use of mobile phone on humasuéisand specifically the human head, with choosegbest
interface between the mobile and the latter? Theeebur problem is the electromagnetic field cougpbetween the
radio frequency power source and the biologicaluts(human head].o solve this problem, a system of equations
placed and the choice of formulation of finite etgits that coupled with the boundary integral fomtioh that adopts
with the system. A call to the numerical modeliniyeg results which shows the connection between the
characteristics of the exterior mediume() and the electromagnetic field of the RF sourcéhminterior medium
(human head). With this method we can assess thenRfgy at each point of the interior medium (hurhaad),
basing on the parameters of the exterior mediumareeable to choose the best material of the extel$ realization.
Keywords. numerical method, electromagnetic radiation, interface, radio frequency, biological tissues, finite element

formulation
1. INTRODUCTION

Electromagnetic fields are a part of our daily:lifieobile phone, radio, Wi-Fi ... We focus our watecifically to
mobile telephony, including risks lend more to deb®n the one hand, the waves associated withlenphones are
numerous and varied: Wi-Fi, Bluetooth, GSM antent#dTS or 3G, power grids ... and have as many riizte
health risks. Furthermore, the use of mobile phasegowing exponentially. These factors led to #sk question:
what are the risks of mobile phones on human heaitany studies regularly published on this subjant public
authorities tend to apply a precautionary apprdaadhe fight against these dangers. Is it realbtified? To answer
this question it is necessary at first to undestiie nature of the waves to mobile telephony, amalyze the studies
on the subject, before considering the standardsegulations to limit these effects. Our work lpatpose of limited
the effects of electromagnetic waves by selectmmeerface between an RF source (mobile telephangi)biological
tissue (human head), and like that we will escaphe standards and recommendations. A Call to rioatenethod
allows an energy assessment in different partuiofrmdel (human head). This method is to vary theracteristics
(o,e,))) of our interface (exterior medium), electrometin field values vary from ascending or descegadirth
these, which allows us to quantify the energy gesid in the interior medium, these characteristibsch give
minimum absorption of energy in our model withyttvee had selected the material of our best intetf®ur study
want confirm which energy dissipated in the humaad) vary with the distance between the human heddhe
electromagnetic source, and with the variationxéigor medium parameters,§,|0).

2. PHYSICAL MODEL DESCRIPTION

When a wave emitted and spread in any medium, gldnis path, she encounters obstacles, a portidhifncident
wave reflected and the other transmitted. Figtdidlly we have a reflected wave,which it was neags to set up an
interface that gives a zero transmitted or absorvade, which gives a minimum of the energy absorimethe
biological material (human head). RF fields pertetiato the exposed tissues and produce heatiitgaind by the
huge difficult to quantify, we will develop a nunieal method which gives accurate results.
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The diffraction problem of an electromagnetic wagainst an obstacle of any geometric shape is btteeamost
important aspects in electromagnetic compatibilg. a part of our work, we want to analyze the dimgpof an
electromagnetic wave with a human head spheribé, dphere immersed in a time-varying electromagrfetld
created by ELM source (mobile phone). The inteoactf the incident wave with our structure introesi¢the birth of
a diffracted wave and a transmitted one. This dgpe of the electromagnetic energy in the différemvironments
forming the structure, which depends directly agirticharacteristics, their geometrical shape, thegle of incidence
and the distance d between the source and théwstudo simplify the physical system, we calfedthe inside area
of the sphere anfe the outside ared’ represents the system boundary, with n the noomeahted from inside to
outsideQe, the field coming a source which materialized bgad traversed by a curreds, which induces the
creation of the electromagnetic field.

(E, H). Assuming that source is perfect and da¢sarry electric charges Fig (2). [1]
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Fig.2 Physical system

3. THE CONSTITUVE EQUATIONS

Maxwell's equations, valid whatever the problentigd,

do not take into account the characteristics of thfor anisotropic media) that may depend on thetioos
medium. To determine the problem completely; wetmufor heterogeneous medium) and amplitudes of glddi
also know the laws and behavior, depending on tlf®r nonlinear mediums).

physical properties of materials where the fieldsste

These_ laws aI_Iow you to modt_al on a macroscopic_:esca(RotE + ua_H — 0)

the microscopic electromagnetic phenomena thatraocu ot

the treated areas. These constitutive relatiorengdy (RotH + Sg—tE =] +]s)
D(x,t) = ¢E (x,t) (div (¢E) = p)

B(x,t) = nH (x,) (div (uH) = 0)

J(x,t) =cE(xt

With:

These equations can be non-linear or anisotromléran 4. MODEL FORMULATION

this casey, ¢, o) are tensor quantities. _ Consider the domaif2 occupied by the electromagnetic
In the general case, the behavior of the mediurentép  system, which is a sphereRf compact border, denoted

laws conductive medium, Ohm's law verified I or 6Q; N is the unit vector normal @2 and outside2

JGt) =0 () E(x1) isotropic medium - £ig (2). |t assumed in the following, that the domQ

Ji %0 =X;_ 104 (x) Ej (x,); i = 1,3 anisotropic medium and fillgd_ with a homogengous dielectric_mater'rall”@
permittivity and permeability are two positive real

In the case of a perfect conducteis infinite: the E and  constants. The medium in question is supposed to be

H fields are zero. perfect. [2]
Insulating mediumg is zero, so J = O: there is no currentLet H be a test vector field € rot (€2), with the same
flowing in the middle. regularity as the field H and
Perfect medium, that has to say, the mediums factwh
the behavior laws are linear, the following relaships (rotH = 0), or[Qe (6 = 0)]
verified:
D(x,t) =e(x) E(x,1) isotropic e~ Using Faraday's lawrot E = —iwpH)
D(x,t) = ¥joq & (0)E;(x, )i = 1,3 anisotropic medium W€ integrate R multiplying by the test function, which
B(x,t) = u(x)H(x,t) isotropiedium gives:
. . . . 0

Bi(x,t) = Y i—1W;; (x)H;(x,t),i = 1,3 anisotropic medium 0 / /

’ SRR fimuHH.dQ+frotE.HdQ=0 )
Therefore, the quantitieg,(¢, o) they are a tensor A A

R R

To solve the second integral, we apply some mattieah@roperties this allows for another formfdErot. H'dQ :

0 0 0 0
f H.rotEdQ + f E.rotHdQ = f E.rotAdQ + f H.rotEdQ = 0 (2)
R3 R3 Q Q

5V ARIATIONAL FORMULATION
We made our problem in the total electric field;an decomposed in®’ as follows:
B + Es ©)

Or E coming of electric field source and Er is &hectric field reaction. This allows us to show #lectromagnetic
source in the formulation.

Then the equation (2), here rewritten as:
We called a(E,, E;) follows:



(f!;) rotE, rotEdQ + fg (iwpo - w?pe)E, EdQ + fro E (n Arot Er)dl")

- (_ fy rotEs.rot EdQ + [ (i 0 po - w?pe)EEdQ + [7 E. (n Arot Ey) dr)
4)
a(E, E5) = fg rotE, rotE dQ + fg (iopo — w?pe) E,E dQ
5)
And R(E,, E) the following integro-differential operator:
R(E,E) = [ E.(NArotE,) dT
(6)
And the termS(E, E) binds to the source
S(E,E) =E; — fg rot E rot E,dQ + fg(i oo — w?ue)Es EdQ + fl? EdQ + (nArotEy) dl
()
Taking into account these definitions, the wordifig (5) then becomes:

a(E, E) + R(E,,E) = S(E;, E)

(8

We want to study the propagation of an electromtégmeave in a bounded domain, including two differenediums.
For theses, we will establish the variational folation in each medium

In the environment of the head with interior antkewr parameters:€(,LL, ©) [2]

Jo rotErotE, dQ + [J(iwpo — wpe)Es EdQ + [ EdQ + (nArotE,)dr = Dy
)

6. FORMULATION OF THE BOUNDARY I

First, note that E1 is the field satisfying thddaling condition:n A E; (x) = E(x) onT’
With: E1 is the unknown oh from within.

The tangential vector field already defined whidveg:

NAE,(x)=NAE;(x) =E(x)

E() = n A JOK(y) G(x,y) drdy (10)

Finally, we will reach our objective, where ovenadiriational formulation of the problem is definedhe entire space
R®, which gives :

A(E,, E") = R(E,, E'") = S(Es, E')
R(E, E') = —iop E JoRGIEG)drdx + [T KG. E'(x) drdx] (11)

7. DISCRETIZATION OF THE VARIATIONAL PROBLEM
above elements of edges in an approximate space the
interpolation of the electric field Ea€E(Q ') in the
domainQ' given by:
A(E, E") =R(E.E") =S(E,E' 12

( T ) ( T ) ( S ) ( )El — ]i\]:alvviEi (13)

We recall the variational formulation:

Since the formulation of the problem obtainediegrso
we will proceed to the next step, which is to costplthe
grid, and realizing the variational problem presént



Terms of basic functions Wij associated with thgesdof .'n (X): normal vector on

these elements numerically solve the problem, ti®ur variational formulation can rewritten as the
volume of study split into tetrahedral elements amel following linear forms

electric field vector E described in:.

Mg 8, =S,
(18)
N
e = z WIJ |:éi
i=1
(14) Mg [8c =S¢
i i (19)
W, =4, 04, -4, 04, Where:
(15)

Mgy =M +R+jwouM,

Where N is the total number of edges of the meshjsv Moc =M1 +R
the basic function of the vector associated withee(lj) A: is a complete matrix of dimension

and e ij is the unknown problem that representdldve  (nbat x nbat) it represents the boundary term of the
of electric field along the edge (ij). i is the beentric approximate variational problem.

coordinatda.A. Tetrahedral associated with the node. M1 and M2. Are two matrices: their dimensions are
We have developed the K currents on the basisiimct  (nbat x nbat) an element of these matrices is equal to

zero only if (ij) and (kl) are not part of the same

w; (x)=n(x)>xgrad A, 16]  tetrahedron.
And Finally, the global matrix of the boundary term, iR
K(X)=§ : P, iy (¥) (17) edge variables, written as:
i Rm = i [1/28'+ M] (07'B)y (20)
Where: Th Il matrix system denotstAT written:
Ii - Describes the top e overall matrix system deno written:
Pi: the value of K in vertex i. MAT = E{[T, ] + (iwpo- o?ue) [T, ]+ Ry} =S (21)
i: the coordinated barycentic. 3]

8. NUMERRICALRESULTS
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Fig.3 reading of the mesh
9. REPRESENTATION OF ELECTROMAGNETIC FIELDS
With:
Js=200,R=0,4,VN1=-1, VN2 =0, VN3=0

Fig. 4 Representation a mesh of the grid
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Fig. 5 The representation a mesh of the grid
With the electromagnetic field distribution

In this part, we had meshed our system, with a ereslaborated fig (3), we had obtained numericslilte which
showed us a human head mesh in transparency, Whlpk us see the vectors of electromagnetic frekthe interior
of human head fig (5). [5]
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Fig.10. Distribution of the electromagnetic field

Fig. 8 Distribution of electromagnetic Field
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Fig. 11 Distribution of Magnetic Field

Fig. 9 Distribution of Magnetic Field

f = 1900MHz, ef(€,,02,11)

f = 835MHz, et(e,,0,10)
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Fig. 12 Distribution of electromagnetic Field Fig. 14 Distribution of electromagnetic Field
f = 835MHz, et(es,0s,113) f = 835MHz, et(e5,03,14s)

.
w3
LI
_L__‘.._\._.\-__\__k...'l__\__\‘...-\

SR Ip—— |

- mlowwewl
T—— S

o wals s w e el

- & L . .
~ LS T Y

T Lt 1 ) Ll
" [y Y ¥ [y

.
~

3
£y

[
>
by

e

™

JI, S JER, O, Yoy U, TAPG. WU R, N

Y

.

ssdessssslssssslssssslssasscskhessal

wedems s e

.
=

ll-ll-.l.‘lll‘llk.ll-

e
i
=
U
i

e
S
s
ES
B
&

Fig. 15 Distribution of electromagnetic Field
f = 835MHz, et(e3,03,13)
Interior view

Fig. 13 Distribution of electromagnetic Field
f = 835MHz, et(e3,03,13)
Exterior view
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Fig.16. variation of parametés;) as a function of the frequency [6]
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Fig.17. variation of parametéo) as a function of the frequency [7]

After the mesh, we went towards our goal, who ifinging of variation of the amplitude of vectors die
electromagnetic field. We have fixed frequency luié electromagnetic source, then we use the differgnes of
parameters characteris{igo,1t), and we have obtained results which are showigi(6), fig (7), fig (8), fig (9), fig
(10), fig (11), fig (12), fig (13), fig (14), figl®).

we see its results who are the amplitude of veabedectromagnetic field inside the human headenetis based on
the variation of characteristic paramet@s, 1), and these last have a variation with the matanidl the frequency of
the electromagnetic source fig (16) fig (17), whiehds to testing of several materials. [8], [9]



10. CONCLUSION

This article is part the object of research ongiablems of interaction of electromagnetic fielddwthe human body.
Therefore, we had made synthesis of various vanati formulations for resolving the diffraction ptems of
electromagnetic wave with a spherical obstaclectvinépresents the human head, and the constrgfteonumerical
model, with an elaborate numerical method. Foritty@ementation of the proposed formulations, we badd the
finite element method, which effectively treatirg tproblems with complex geometries and includietgtogeneous
mediums Knowledge of electromagnetic field at any pointioferior medium and the surface obtained by aegiral
formulation, based on boundary integral methodd@&rmine the local vector field, we had solvedwlase equation
with double rational. The propagation of electrometgz wave through the dielectric medium has colyenodeled
and the use of the absorbing condition, which pisrthie analysis of the open field problem, (thedvar of the field
at infinity). The results presented, it possible#étculate and to facilitate choice our model, wiffe of computational
code we have studied the behavior of the electroetég field inside the human head for differentreiat two
frequencies, f = 835 MHz and f = 1900MHz. This a#m us a properly select the material of the iatmfbetween
the human head and the radio frequency source lmsdidferent electromagnetic parametérg,u). Therefore, our
choice is a material, which gives the minimum egergdifferent points in the internal medium of aaodel. Given
the number of parameters, we cannot expose allesutts in this article.[10],[11]
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