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Abstract: The electric field absorption distribution

is

calculated in spherical and ellipsoidal cell models exposed

w(Ne at 900 and 2450 MHz. Cell
orientation and mutual polarization fficts between cells
are also shown to play an important role in the field

to an EM plane
abs orpt

i

on dis tr ibut ion.

INTRODUCTION
The study of the effects of RF exposure on humans or
laboratory animals is a very complex task due to the non

uniform RF absorption in tissues and the appropriate
characterization of such absorption distribution. Therefore,
in order to study the mechanisms of direct RF cellular
effects it is general practice to consider simple geometrical
forms, such as spheres, for cell models. Although these

simple models considerably simpliff the mathematical
calculations, more realistic cell geometries should be used
to provide a more accurate insight of the effects of direct
RF cellular exposure. For this purpose, the electric field
intensity and SAR distribution are calculated in an
ellipsoidal cell and compared to those obtained for
spherical cell models. The frequencies of the RF radiation
considered in this work are 900 and 2450 MHz. These are
RF frequencies to which living beings are most frequently
exposed from industrial RF applications (ovens, welding
systems, etc.) and cellular phones.
In order to consider the effects from polarization
interaction, which are not due to variations of temperature
but to a direct RF effect, the interaction between two cells
subjected to an electromagnetic radiation as a function of
their relative positions has also been studied.

along the r-axis with E and H field components parallelto z
and y axes respectively. For the analysis of the ellipsoidal

model, orientations of the cell parallel to the

z

and

/

axes

were considered.

CALCULATION OF THE FIELD DISTRIBUTION

To determine the energy distribution induced in the
cell, the finite element technique was used [2]. For this
purpose, the analyzed cell was located inside a parallelplate waveguide structure filled with the external medium
were a TEM wave field with an incident average power of
I watt is propagating along x axis. In order to improve the
accuracy

of the numerical solution, the number of mesh
4 in the membrane

cells was increased by a factor of

compared to the number of mesh cells in the cytoplasm. As
the size of the structure is very small compared to the RF

wavelength, a quasiestatic approximation was also
performed in order to check the results obtained using the
FE technique. The excellent agreement obtained for the
results of both cell models ensures the validity of the
technique that could be applied to other cell geometries
that have no analvtical solution such as the cylindrical
geometry.

RESULTS AND DISCUSSION
Figures land 2 show the electric field distributions in
the different regions for the spherical and ellipsoidal cell
models at 900 and 2450 MHzrespectively.

CELL MODELS

Two different geometries have been considered to
a cell: spherical and ellipsoidal. Both models
consisted of a two media structure: cytoplasm and
model

membrane. The cytoplasm (a sphere of 3.5 pm radius or a
ellipsoid of semi axes 3.5:2:2 pm) was considered to be a
physiological saline with a protein volume fraction of 0.26
[]. The membrane, a shell of l0 nm thickness, is made of a

phospholipid bilayer that had no conductivity and a
frequency independent relative permittivity of I 1.3 The

in this study are well suited to typical
mammalian cells. The cell is suspended in an external
medium formed by electrolytes in free water with the
dimensions used

dielectric properties of physiological saline. The cells were
exposed to a plane wave electromagnetic field propagating
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Figure 1: Electric field intensity distribution within
spherical and ellipsoidal cell models at 900 MHz.
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The field value is normalized with respect to the value
of the field in a far position along the y axis, with the cell
placed in the origin 0. The applied E field is always linearly

polarized along the

z

axis and for all cells, the field

intensity is calculated along z axis.

lation of the specific absorption rate (SAR) distribution is
readily available. The SAR value for the membrane does
not change due to its null conductivity. However, it is
important to observe that a high field in the membrane may
have a significant effect over ion channels and membrane
proteins in general, responsible for the specific functional
characteristics of the cell.
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Figure 2: Electric field intensity distribution within
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spherical and ellipsoidal cell models at2450 MHz.

It is clear from Figures I and 2 that the orientation of
the cell with respect to the incident RF plane wave plays a
very important role in the field absorption. As it is shown,
for the ellipsoidal cell oriented transverse to the E field, the
electric field within the membrane is significantly higher
than the corresponding value for the spherical cell. The
opposite situation is true at 900 MHz when the ellipsoidal
cell is oriented along the E field direction, where the
intensity of the electric field within the membrane has a
lower value than that for the sphere.
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The effects of the mutual interaction between two cells
as a function of their relative positions along both y and z

axes are shown in Fig. 3 and 4. Dipolar effects from
neighbor cells are clearly observed in the value of the E
field in the membrane as a function of the distance d
between the centers of the cells. For cells aligned along y
axis, the depolarizing fields leads to a lower field intensity
within the membrane as the distance d decreases. For
higher values of d, the field in the membrane tends to reach
the value obtained for the single cell analysis. For cells
aligned along the z axis, polarizing fields reinforce the

observed that in the ellipsoidal cells, the mutual interaction
effects are more noticeable at the higher frequency 2450
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external field, leading to a higher field within the
membrane. Again, as the distance d increases, the field
value tends to reach the value of a single cell. It is also
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Figure 4: Induced E field in the membrane as a function
the distance d between two cells placed along z axis

MHz whereas in the spherical cell

4.4

it occurs

at the lower

frequency of 900 MHz.
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Figure 3: Induced E field in the membrane as a function
the distance d between two cells placed along y axis

of

Within the cytoplasm, similar but lower variations of
the field intensity with the cell orientation are observed at
900 MHz. However, at 2450 MHz the higher value of the
electric field is found for the spherical model whereas the
lowest value corresponds to the ellipsoidal cell oriented

alongy axis.
Once the electric field distribution is known. the calcu-
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