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ABSTRACT

In this paper, the power density and specific absorption rate (SAR) distribution in multi-layered life tissues and exposed
to electromagnetic field emitted from handheld cellular phone operating in the 900 MHz and 1800 MHz is studied. A
One dimensional Finite-Difference Time-Domain (FDTD) method has been used, and numerical assessment of electro-
magnetic fields coupled to four biological body tissue. Values of interest in these assessments include induced electric field
and specific absorption rate (SAR), which has been a measured of absorbed power density in the body have been evaluated.
A comparison of the effect of two frequencies on human body tissue has shown graphically. The results noticed that the
effect of frequency 900 MHz by mobile phone Global System Mobile (GSM) is more than the frequency of 1800 MHz.
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1. Introduction

The use of mobile phone by people has grown substan-
tially in the last years. In parallel with this, an increased
concern by the scientific community, the authorities and
the population regarding the safety of these phones has
raised. It is currently the most appropriate choice when
highly non-homogeneous structures are involved for
which boundary techniques have fundamental limitations
[1].

The Finite-Difference Time-Domain (FDTD) is the most
often used method for evaluating of electromagnetic
fields in human tissue.

The heating effects resulted from using a mobile phone
operating near a metal wall has been studied [2]. The
finite-difference time-domain (FDTD) simulation scheme
was used in the simulation. The simulated physical do-
main consists of a dipole antenna, a high-resolution hu-
man head model.

The temperature rise in a human head caused by ab-
sorbed power in the form of SAR from a cellular tele-
phone has been computed using a bio-heat equation ap-
proach. The SAR is computed using an FDTD solver for
a reasonable cellular telephone model that radiates at
both 900 and 1800 MHz [3]. The issue of temperature
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rise in the eye caused by electromagnetic fields has gen-
erated some interest due to the low blood flow through
the eye tissue has been evaluated [4].

Computation of electromagnetic field inside a tissue at
mobile communication has been studied, which presents
a new approach to calculate the electromagnetic field
inside a tissue, composed of electrically excitable cell by
means of the FDTD (finite difference time domain method)
[5,6].

A simple planar multi-layered head model irradiated
by plane wave in the frequency range of 100 MHz - 300
Ghz is investigated by Akram and Andrew in [7], and it
consists of skin, fat, bone, Dura, CSF and brain. Model-
ing the effect of electromagnetic waves produced by mo-
bile phone base station on human body tissue has been
studied [8].

The electromagnetic waves of different power levels
and different frequencies penetrate into the human body
causing health risks; this is of great public concern.

In this paper, a simple planar multi-layered life tissue
model will be used to calculate the electric field, mag-
netic field, power density and Specific Absorption Rate
(SAR) distributions inside the model when exposed to an
electromagnetic waves with different frequencies produc-
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ed from mobile phone using the Finite Difference Time
Domain (FDTD) Method. A comparison between the two
frequencies on human body tissue will be evaluated.

2. Numerical Method and Modelling

A schematic diagram of the multi-layer structure under
consideration is shown in Figure 1. It is exposed verti-
cally to electromagnetic waves with frequency equals
900 MHz and 1800 MHz upon the interface distance
between the air and the first life tissue is 30 cm respec-
tively. The electric field is assumed to propagate in the z
direction with polarization at the x direction.

The structure has layered media consists of the skin of
thickness d; = 0.00073164 m, the fat of thickness d, =
0.02441, the Muscle of thickness d; = 0.04236, and the
organs (kidney) layer of infinite thickness tissue [8].

The dielectric properties of the layers are donated with
the complex permittivity &,

T M
WE,

where &, is the real relative part of the permittivity, o is
the conductivity and w is the radial frequency of the sig-
nal. The quantity o/we, is called the loss tangent. It de-
scribes the looseness of the medium. Since the human
tissues are nonmagnetic, it has been assumed that u; = uq,
where i stands for 1, 2, 3, and 4 which represents the four
layers. The free space is assumed for the exterior of the
model with wave number k, = @,/€,1, . And the dielec-

tric properties for each two frequencies are illustrated in
Table 1.

3. Finite Difference Time Domain (FDTD)
Method

The FDTD method solves the curl Maxwell’s equations
supposing divergence free initial conditions for the field
strengths. The method starts with the definition of a gen-
erally rectangular mesh (with the choice of the step-sizes
Ax, Ay and Az for the electric field and another staggered
(by Ax =2, Ay =2 and Az = 2) grid for the magnetic field
in the computational domain. The building blocks of this
mesh are the so-called Yee-cells [10].

sa—E=V><H—J )
ot

ALk 3)
o U,

where J =o0-FE is the current density.

In 1-D, we consider only E, and H, are not equal to
zero and traveling in the z-direction. In addition, we as-
sume that the fields do not vary in the x-y plane, i.e.

Copyright © 2011 SciRes.

L M Fy
€0, to
&1, 1 Skin (d;)
&, 1o Fat (dy)
&3, U3 Muscles (d3)
&4, s kidney (ds)
v Z

Figure 1. A Electromagnetic handheld cellular phone inci-
dent upon theinterface between the air and the life tissue.

i =0 and i =0. Then Equations (2) and (3) can be
ox dy
reduced to
oE oH (¢
x(t):_ 1 y()_ o EX(I) o
ot E£E Oz &€,
oH (¢ oE
Y ( ) — _L X (t) (5)
ot U, Oz

In the FDTD formulation, the central difference ap-
proximations for both the temporal and spatial deriva-
tives are obtained at z=kAz and ¢=nAt [9]

With the above notations the FDTD method computes
the numerical solution as follows:

For the first equation [9]:

EM(k)-E7 (k) 1 H)(k+1/2)-H) (k-1/2)

At EE, Az
o B (K)+ECE (k)
EE, 2
(6)
And for the second equation:
H™ (k+1/2)-H (k+1/2)
At
1 E™ (k+1)-EY (k) @
= _#_0 -

In the Equations (6)-(7), n is the time index and £ is the
spatial index, which indexes times ¢=nAt and posi-

. . 1 ..
tions z=kAz, or times tz(n iEjAt and positions

1 . . . .
z= [k iEj Az . The time index is written as a superscript,

and the spatial index is within brackets. Equations (6)
and (7) can be rearranged as a pair of “computer update
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Table 1. Dielectric propertiesfor human body at frequency 900 MHz and 1800 MHz.

Conductivity 6{S/m]

Relativeper mittivity ~ Conductivity 6[S/m]

Relative per mittivity

Tissuename by 900 MHz by 900M Hz by 1800 MHzS/m by 1800 MHz Density plkg/m’]
Air 0 1 0 1 1.229
Skin 0.86674 41.405 11847 3.8872 1100
Fat 0.051043 5.462 0.078388 5.3494 1100
Muscle 0.94294 55.032 1.341 53.549 1040
kidney 13921 58.675 1.9495 54.426 1030

equations”, which can be repeatedly updated in loop, to
obtain the next time values of E'**(k) and
H" (k+1/2) [9] corresponding the E, (¢ + A#/2, z) and
H, (t + At, z + Az/2). In Equations (4) and (5), & and u,
differ by several orders of magnitude.

Equations (6) and (7) become

- At-o
~ 26, ~
BV (k) =—C 2B (k)
1+ At-o
2¢,€,
1/2
————| H! (k+1/2)-H (k-1/2
[ ery2) - H (k-y2)]
£ | 1+
2¢,€,
(®)
H" (k+1/2)=H} (k+1/2)
- ~ 9
_ 1 E[E;H—I/Z (k+1)—Eg+l/2 (k):|( )
&1 Az

Stability and the FDTD method: For stability purposes,
we need to choose the cell size Az to allow 10 to 15
points per wave length. We used in all our simulations a

. Az . S
time step Af =—— where ¢ is the speed of light in free
Co
space. The most important points in FDTD calculations
are the stability and numerical dispersion [12].

4. Reaults and Discussion

Simulation of a sinusoidal wave hits a life tissue that has
different a dielectric constant according to different fre-
quencies as shown in Table 1. The pulse is generated at
the far left side with distance 30 cm and originates at cell
number 2 and propagates to the right. This is illustrated
graphically. Notice that the waveform in the medium is
maximum absorbed at skin as the first layer, power den-
sity and specific absorption rate have been evaluated in
life tissue where the power density (W/m®) absorbed in
the conductivity ¢ along the layer from the sinusoidal
field of the amplitude E'is given [8].

E*c

P= (10)
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And specific absorption rate (SAR) in units of (W/kg)
is the most important dosimetric parameter for the eva-
luation of the exposure hazard at radio and microwaves
frequencies [13,14]. It is the biological electromagnetic
estimation. It is defined as the power dissipation rate
normalized by material density [15].

It can be shown that:

sar="L (11)

p
where p; (Kg/m®) is the density of each tissue.

The numerical algorithm for Maxwell’s curl equations
requires that the time increment must have a specific
bound relative to the spatial discretization Af , Ax, Ay and
this condition is known as the Courant-Friedrichs-Lewy
(CFL) Stability Criterion by

At < ! (12)
0J1+1+1
AxZ AyZ AZZ
where, ¢ is the speed of light in free space. Simulations
were run for mobile phone radiation of the human life
tissues at distance 30 cm which frequency was 0.9 GHz
and 1.8 GHz respectively are continuous wave form
source.

Figure 2 illustrates the Simulation of the propagation
of the electric field of 900 MHz at (a) [8], and 1800 MHz
at (b) into life tissue. It can be seen that the maximum
peak of incident electromagnetic waves is at cell 32
which represent a skin layer, and it is decrease as the
waves penetrate the other tissue. It mean that the tissues
are effected and absorption the electromagnetic fields.

The penetration and absorption by 900 MHz is more
than 1800 MHz of Power density and Specific absorption
rate (SAR) distribution is shown in Figures 3 and 4.

The second peak value in the case of SAR and power
is at 30 and 34 time steps respectively. It represents a fat
tissue. In Figure 4, the power density was plotting with
respect to time steps and the results show a maximum
peak is more amplitude than SAR curve peaks. Also the
power density at frequency 1.8 GHz is low comparing
with the effect of 0.9 GHz frequency. In each curve the
muscles tissue start at 58 time steps and kidney at 62.
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Figure 2. Comparison the effect of electric field penetration in human body tissue with different frequencies 900 MHz at (a)
and 1800 MHz at (b).
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Figure 3. SAR in lifetissueswith different frequencies (900 MHz at (a) and 1800 MHz at (b)).
0.012 0.02
0.018
0.01 0.016
o 0.014
z 20012
g 5
3 0.006 S 0.0
s o
z £ 0.008
~
& 0.004 0.006
| 0.004
0.002
V\ 0.002, L\
0 0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Time steps Time steps
(@ (b)

Figure 4. Tow different frequenciesto evaluate Power density in life tissues (900 MHz at (a) and 1800 MHz at (b)).
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This means that there is not any absorption in the later
layer instead the electric field at frequency 0.9 MHz in
muscles tissue.

5. Conclusions

Geometric of human body tissue with four layers has
been supposed. The computer equations depend on
FDTD method and simulation a sinusoidal wave hitting a
lossy medium that has a dielectric constant and conduc-
tivity according the frequency which considered has been
studied. It is found that the electromagnetic fields pene-
trates the considered layer and attenuates rapidly till they
reach zero at the kidney layer. A comparison of the effect
of two frequencies on human body tissue has shown
graphically. The results noticed that the effect of fre-
quency 900 MHz by mobile phone Global System Mo-
bile (GSM) is more than the frequency of 1800 MHz in
each case as electric field , SAR and power density ver-
sus time steps.

Absorbent power and SAR have maximum values at
the skin and fat layers. According to the result from the
graphs, notice that the effect of frequency 900 MHz by
mobile phone Global System Mobile (GSM) is more than
the frequency 1800 MHz. The dielectric properties for
tissue are different according the change in frequency.
This model enabled us to make simulations with many
different tissues in human body.
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