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In recent years, institution has increased imposition of electromagnetic radiation in many applications. This radiation react with the
human tissue and may lead to harmful and injurious effects on human health. However a finite difference thermal model of lossy
medium as (spinal cord of human body) has been developed to calculate temperature rises generated in the spinal cord by radiation
from cellular telephones with different frequencies. The natural metabolic heat production and the power density absorbed from the
electromagnetic field have been evaluated. The specific absorption rate (SAR) was derived from a finite difference time domain model
(FDTD) of the spinal cord. This is a numerical analysis is technique used for modeling computational electrodynamics. Aside from the
specific absorption rate, through the exposure of radiation is an extremely important parameter while assessing the effects on spinal
cord tissue. The heat distribution was calculated using the bioheat equation coupled with Maxwell's equation. A one dimensional finite
difference time domain method has been used, some simulations for electromagnetic wave through the spinal cord tissue is made using
software program. Also for the simulation, the dielectric properties supposed medium are directly taken by numerical program. Results
show that electromagnetic fields penetrate the life tissues and attenuate fast to reach zero at large time steps. Specific absorption rate
show maximum at the first boundary of tissue and becomes less value by using high frequency. The absorbent power and specific
absorption rate show maximum at the interface of tissue, and the technique developed may be used to estimate temperature rises
associated with specific absorption rate (SARs) for different types of radiation. Also, the results note that low-frequency waves have
significantly affected the biological tissue.
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KOMITIOTEPHE MOJEJIIOBAHHS SAR TA TEIIJIOBOT'O PO3NOALTY B CEPEJOBHUIIAX 3 BTPATAMU HA
GSM YACTOTAX
Khitam Y. Elwasife
Dizuunuil paxynomem, Hayrxosuii konedxc, Ienamcokuil ynisepcumem, I'aza, Ilanecmuncoka mepumopis

B ocraHHI poKH yCTaHOBH IOCHJIMIIY BUKOPHCTAaHHS €JIEKTPOMArHiTHOrO BUIIPOMIHIOBaHH: y 0araTbox oOyacTsx 3actocyBanHs. Le
BUIIPOMIHIOBAHHS pearye 3 JI0ACHKOI0 TKAHMHOO i MOXKe NPU3BECTH JI0 IIKi/UIMBOTO Ta 3ryOHOr0 BILIMBY HA 3/10pOB'S MroauHu. Tak
OyJi0 po3pOo0JICHO TEIUIOBY MOJENb CEepelOBHINA 3 BTpaTaMu (CIHHHOIO MO3KY JIIOACBKOTO TiNa) AJsl PO3PaxXyHKY MiIBHIICHHS
TEMIEpaTypH, 10 BUHUKAE y CIMHHOMY MO3KY, Yepe3 BHUIIPOMIHIOBAHHS BiJ CTUIFHHKOBUX TenedoHiB pizHOI dacToTH. OUiHEHO
MIPUPOIHE BUHUKHEHHS TEIIa Bil METa00Ii3My Ta MILIBHICTH €JIEKTPOSHEPTii, IPH MOTIMHAHHI €HEPTii eJIEKTPOMAarHiTHOTO noJist. byio
OTPHMaHO MMUTOMUI KOe(illieHT MOTJIMHAHHS eIeKTpoMarHiTHOI eHeprii (SAR) MeTomom kiHIeBoi pi3HuLi y yacoBiit oomacti (FDTD)
CIIMHHOTO MO3Ky. lle TexHika YMCeNbHOro aHali3y, IO BUKOPUCTOBYETHCS UL KOMII IOTEPHOTO MOJICIIOBAHHS €JICKTPOJUHAMIKH.
[TuromMa MBHUAKICTH MOTJIMHAHHS , IPU ONIPOMIHEHHI € HA/I3BUYaifHO BaXKIIMBUM ITAPaMETPOM IPH OLIHIII BIUIUBY Ha TKAHUHU CITHHHOTO
MO3Ky. Po3nozin Temna po3paxoByBaBcs 3a JIONOMOIOI0 0i0EHEPreTHYHOro PiBHSHHS, ITOEAHAHOTO 3 piBHAHHAM Makcsemia. Byio
BHUKOPHCTAHO OJHOMIPHHI METOJ KIHIIEBHX PI3HUIIb Y YaCOBOMY JOMEHI, MOJICJIIOBAaHHSI IIPOXOJKEHHsI €JIeKTPOMArHiTHOT XBHJII uepe3
TKaHUHY CIIMHHOTO MO3Ky $IK€ BHKOHAHO 3a JIOIIOMOrOI0 KOMIT'IOTepHOI mporpamu. Takox Ui MOJENIOBAHHS JieJeKTPUUHI
BJIACTHBOCTI HMOBIPHOTO cepeoBHuIlia Oe3MocepeIHbO BBOJMINCS Yy HporpaMy. Pe3ybTaT nmokasyloTh, L0 eIeKTPOMArHiTHI 1oJs
MPOHUKAIOTH B KUBI TKAHWHH 1 IIBUAKO OCIAOIIOIOTHCS, 1 IOCATAalOTh HYJIS UL BEJIMKHUX iHTepBanax. I[IuToMa BeJIMYMHA HOTJIMHAHHS
MOKa3ye MAaKCHMyM Ha IepIIiii MeXi TKAHWHM 1 0cArae MEHIIOrO 3HAYeHHs 3 MiJBHLICHHSIM YacTOTH. BennuuHa MOTNMHAHHS Ta
ITITOMA YacTOTa MOTJIMHAHHS MOKa3yl0Th MaKCHMyM Ha MeXI TKaHWHH, TOX PO3poOJIeHa METOAMKa MoXe OyTH BHKOPHCTAaHA JUIS
OLIIHKH ITiJBUIIIEHHS TEMIIepaTypH, MOB'I3aHOI 3 MUTOMOIO NIBUAKICTIO ormuHaHHA (SAR) st pi3HUX THIIB BUnpoMmiHioBaHHS. Kpim
TOTO, BiZI3HAYUMO, I1J0 HU3bKOYACTOTHI XBWJIi ICTOTHO BIUIMBAIOTh Ha OiOJIOTIYHY TKAaHUHY.

KJIFOYOBI CJIOBA: rio6ansHa cucrema MoOiibHOTO BUTpoMiHtoBaHHs, FDTD, crimHHMIA MO30K JroauHu, SAR

The increasing use of mobile communication devices and base station, especially mobile phones by people, has been
discussed in many research that is on whether there is a larger radio frequency energy absorption in the human heads. the
temperature rises induced in the eye and lens by near-field exposure to radiation from communication handsets, using the
finite difference time domain method and classical bioheat equation have been studied [1]. A mathematical simulation
model of the head has been constructed [2]. Finite-difference time-domain method of the specific absorption rate have
been calculated on this model. Using antenna which mounted either at the center or corner of the top face of the box.
Choosing the frequencies as 900 MHz and 1800 MHz. Three irradiation geometries were considered, a vertical handset
in front of the eye and vertical and horizontal orientations at the side of the ear. Also the effect of a hand handset was
considered. The results of the simulation model was also presented for a half-wavelength dipole. The specific absorption
rate (SAR) in scaled human head models is also evaluated by study a differences between SAR in the heads of adults and
children and for assessment of compliance with the international safety guidelines, while using a mobile phone. The
finite-difference time-domain calculated has been used for calculating SAR values for models of both children and adults,
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at 900 and 1800 MHz [3]. Another study was found that the analyses suggest of the SAR difference between adults and
children is more likely caused by the general differences in the head anatomy and geometry of the individuals rather than
age [4]. It clears that the external shape of the head and the distribution of different tissues within the head play a
significant role in the radio frequency energy absorption.

The aim of paper is to evaluate the thermal effect of electromagnetic mobile phone radiations on spinal cord and
specific absorption rate in life tissue.

THEORY AND MODEL

The spatial domain of the boundary value problem may be complicated in general, and the direct analytical solution
of the problem is usually impossible. As a result, spatial and temporal discretization is employed for the approximate
numerical solution of the problem. To this end, several approximate solution techniques have been developed so far, the
most important ones being the Finite difference time domain Method (FDTD). At first to find the effects of a certain
exposure to radiation in the human spinal cord, we determine the dielectric properties of human spinal cord at global
system mobile frequency as 900 MHz and 1.8 GHz as in Table below, The dielectric properties of a life tissue are different
according changing frequency [5,6].

Table
Dielectric properties of spinal cord tissue at 900MHz and 1.8 GHz
Frequency P P Specific Blood Electrical Relative Thermal Wavelength w
. heat Specific | Conductivity o conductivity b
[Hz] (blood) | (spinal capacity heat permittivity [m]
cord) capacity [S/m] k [W/m/k]
Co
Cb
900MHz | 1050 1075 3630 3770 0.57369 32.531 0.513 0.057543 4.36x10*
1800MHz 1050 1075 3630 3770 0.8429 30.867 0.513 0.029708 4.36x10*

A one dimensional finite difference time domain method is used to solve bioheat transient and Maxwell's equations,
the partial differential equations to yield the following difference equations [5]
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where M = @, p,c , o, is the mass flow rate of blood flow per unit volume (blood perfusion), thermal conductivity p,

and heat capacity c are assumed to be constants. E and H are electric and magnetic field respectively.
The parameters which we used in the software program to fine the heat diffusion in spinal tissue by simulation
FDTD method are illustrated in the equations below:
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RESULTS AND DISCUSSION

FDTD method has been used for many applications including calculating SARs and induced currents in the human
body etc. The electrical properties of various biological tissues, permittivity and conductivity are very important by SAR
calculating. Permittivity and conductivity depend on frequency. Various parameters by SAR calculating with EMF from
mobile phone are operational frequency and antenna power, mutual positions of the device and head design of the device
and size of human head. In this work the comparison between heat distribution with different frequencies in human spinal
cord and specific absorption rate also, have been evaluated. In Figure 1 it appear that at electric field in free space, the
heat is very high compare with low electric field. Figure 2, heat distribution plotted against space coordinates for different
magnetic field, but in this case the high value of heat distribution was obvious at low magnetic field.

heat variation in space
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Fig. 1. Heat distribution plotted against space coordinates for different electric field
where cb= 3770, cp= 3630, wb=0.00436,k = 0.513, p(spinal cord) = 1030, Eo= 2,3, pp= 1050, L = 0.002,
density of spinal cord is 1075 kg/m, frequency = 1.8GHz
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Fig. 2. Heat distribution plotted against space coordinates for different magnetic field
where c» = 3770, cp = 3630, b = 0.00436, k = 0.513, p(spinal cord) = 1030, Eo = 2(v/m) pp=1050, L = 0.002,
density of spinal cord is 1075kg/m
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heat variation in space
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Fig. 3. The heat distribution plotted against space coordinates for different thickness
where cv= 3770, cp= 3630, wvr=0.00436, k=0.513, p(spinal cord) = 1030, Eo=2(v/m), pp = 1050, Ho = 1,
density of spinal cord is 1075 kg/m

In Figure 3, the heat distribution plotted against space coordinates for different thickness and frequency is 100MHz,
its note that at high thickness the heat is high but at low thickness there is no effect.
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Fig. 4. The heat distribution plotted against space coordinates for different temperature
where c» = 3770, cp = 3630, wb = 0.00436, k = 0.513, p(spinal cord) = 1030, Eo = 2(v/m), L=0.002, pp =1050, Ho = 1,
density of spinal cord is 1075kg/m
Figure 4 illustrates the effect of three different values of transient temperature. It is shown that the heat distribution
increases with increasing of temperature.
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Fig. 5. Heat distribution plotted against space coordinates for different electric field
where cb= 3770, cp= 3630, ob= 0.00436, k=0.513, p(spinal cord) = 1030, Eo= 2,3,4, pp=1050, L = 0.002, density of spinal cord
is 1075 kg/m, permittivity = 32.531, frequency = 900 MHz
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Also the heat is increasing for increasing the electric field in a high space step as shown in Figure 5. Furthermore, it
shown that the heat distribution decreasing with increasing the magnetic field as in Figure 6 which that the heat
distribution plotted against space coordinates for different magnetic field. The specific absorption rate change according
the time steps as we noticed in Figure 7, the maximum first peak is at point 100 W/kg after 300 time steps and frequency
900MHyz, it is obvious that the amplitude of specific absorption rate is different according the wave time travel through
the spinal cord human tissue.

heat variation in space
25

! —— Ho=4
— Ho=1
..... Ho=5
c 2 = —
2
2
2
5
L 1sf —
\ P Aty
_ e e, VPP P PELTY o Py T T
1 \ \ \ \ \
0 2 4 6 8 10 12
space steps in spinal tissue ,frequency 900MHz x10°
Fig. 6. Heat distribution plotted against space coordinates for different magnetic field H=1, H=4, H=5
where cv= 3770, cp= 3630, wvr=0.00436, k=0.513, p(spinal cord) = 1030, Eo= 2(v/m), pp=1050, L=0.002
density of spinal cord is 1075 kg/m, frequency=900 MHz
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Fig. 7. Specific absorption rate distribution in spinal cord plotted vs time steps, frequency=900MHz

CONCLUSION
The temperature distributions for different thermal properties of tissue have been illustrated using numerical method
as finite time domain method. Heat distribution plotted against space coordinates for different magnetic and electric fields,

The applications of this work have necessary in many parts of science as cancer and therapy using microwave devices
such as the thermocouple.
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