HEATING EFFECT OF ELECTROMAGNETIC FIELDS ON HUMAN HEAD AT
GSM FREQUENCIES

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
CANKAYA UNIVERSITY

BY

AFSAR TURK

IN PARTIAL FULLFILMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
ELECTRONIC AND COMMUNICATION ENGINEERING

SEPTEMBER 2010



Title of the Thesis : Heating Effect of Electromagnetic Fields on Human Head
at GSM Frequencies

Submitted by Afsar TURK

Approval of the Graduate School of Natural and Applied Sciences, Cankaya
University

s
" v
u“ﬂ

9

Prof. Dr. Taner ALTUNOK

Director
I certify that this thesis satisfies all the requirements as a thesis for the degree of

Master of Science. -

Assoc. Prof. Dr. Celal Zaim CIL

Head of Department
This is to certify that we have read this thesis and that in our opinion it is fully

adequate,/in Scopeand quality, as a thesis for the degree of Master of Science.

Assoc. Brof] ér. Cem OZDOGAN Prof. Dr. Yahya Kemal BAYKAL
Co-Supervisor Supervisor

Examination Date : 02.09.2010

Examining Committee Members : /(

Prof. Dr. Yahya Kemal BAYKAL (Cankaya Univ.) A=

Prof. Dr. Erdem YAZGAN (Hacettepe Univ.) ‘

% .
Asist. Prof. Dr. Serap ALTAY ARPALI (Cankaya Univ.)

v




STATEMENT OF NON-PLAGIARISM

I hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. I also declare that,
as required by these rules and conduct, I have fully cited and referenced all material

and results that are not original to this work.

Name, Last Name : Afsar TURK
Signature
Date :02.09.2010

i1



ABSTRACT

HEATING EFFECT OF ELECTROMAGNETIC FIELDS ON
HUMAN HEAD AT GSM FREQUENCIES

TURK, Afsar
M.Sc., Department of Electronics and Communication Engineering
Supervisor: Prof. Dr. Yahya Kemal BAY KAL
Co-supervisor: Assoc. Prof. Dr. Cem OZDOGAN

September 2010, 35 pages

This thesis investigates the heating effect of electromagnetic fields on human head at
GSM (Global System for Mobile Communications) frequencies. First of all, existing
structure was studied. In this work, the existing spherical head models of head are
searched and the head is modelled with different concentric spheres (brain, bone,
skin) that have different permittivity and conductivity. The radiation is assumed to
be generated by a loop antenna located near the head. The results are obtained at two
different frequencies, 900 MHz and 1800 MHz that are widely used in GSM
systems. To investigate relations between permittivity, conductivity and heating
potential, the numerical results are found on any sphere that has different radius,

permittivity and conductivity.

Keywords: Electromagnetic Fields, Biological Tissues, GSM.
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GSM FREKANSLARINDAKI ELEKTROMANYETIK ALANLARIN iNSAN
KAFASI UZERINDEKI ISI ETKISi

TURK, Afsar
Yiiksek Lisans, Elektronik ve Haberlesme Miihendisligi Anabilim Dali
Tez Yoneticisi: Prof. Dr. Yahya Kemal BAYKAL
Ortak Tez Yoneticisi: Doc. Dr. Cem OZDOGAN

Eyliil 2010, 35 sayfa

Bu tez GSM frekanslarindaki elektromanyetik alanlarin insan kafasi lizerindeki 1s1
etkisini arastirmaktadir. Oncelikle mevcut yap1 ¢ahsildi. Bu calismada, mevcut
kiiresel kafa modelleri arastirildi ve kafa farkli dielektrik sabit ve iletkenlige sahip
farkli ortak merkezli kiirelerle (beyin, kemik, deri) modellendi. Isimanin kafanin
yanina yerlestirilmis dongiisel bir anten tarafindan iiretildigi kabul edildi. Sonuglar
GSM sistemlerinde genis Olciide kullanilan 900 MHz ve 1800 MHz gibi iki farkli
frekansta elde edildi. Dielektrik sabiti, iletkenlik ve 1s1 potansiyeli arasindaki
iliskileri arastirmak i¢in farkl yarigap, dielektrik sabiti ve iletkenlige sahip bir kiire

tizerinde niimerik sonuglar bulundu.

Anahtar Kelimeler: Elektromanyetik Alanlar, Biyolojik Dokular, GSM.
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CHAPTER 1

INTRODUCTION

With the increase of telecommunication needs, a lot of different frequencies are
being used in many different environments. Especially with the vast use of mobile
phones, it becomes important to understand the effects of mobile system frequencies
on living things. Especially in regions where the power of electromagnetic radiation
is high, it is essential to understand how human body will be effected under such
radiation. It is known that GSM system frequencies widely used all over the world

that interact a lot with the human head.

In this work we investigate the heating effect of electromagnetic fields on human
head at GSM frequencies of 900 MHz and 1800 MHz. Existing spherical head
models were searched [1], [2], [3], [4], [5], [6]. [7].

First of all, some general knowledge is given about electromagnetic exposure. The
natural and man made sources emit electromagnetic fields. These sources are
electrical discharges in the earth’s atmosphere, radiation from sun/space, everyday
use of devices and systems, medical devices/applications, communication systems

and others.

In recent years specialized exposure systems have been designed for laboratory

studies.

Important points about RF exposure of biological systems are modulation, incident
electric-field and magnetic-field strengths, incident power density, source frequency,

type and distance of exposure, and duration of exposure. These quantities are all



functions of its relationship to the physical configuration and dimension of the

biological body.

Biological tissue heating is the most widely interaction mechanism of microwave
radiation with biological systems. The effect can result from elevations of tissue
temperature affected by RF energy absorbed in biological systems. The complex
permittivity and electrical conductivity cause the electric fields to be absorbed in
cells and tissues of human body. For partial body exposures, if the amount of RF
energy absorbed is excessive rapid temperature rise and local tissue damage may

occur. A temperature rise on the order of 1° C in humans can result from an SAR
input of 4W /Kg.

RF part of the electromagnetic spectrum is used for broadcasting and
telecommunication. Electromagnetic fields in this frequency range have natural or
man made origin. They may have a continuous sinusodial waveform, but more often
they have a complex amplitude distribution over time [8]. FCC Limits for Localized

(Partial-body) Exposure are provided in [9].
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Figure 1.1: The Electromagnetic Spectrum [9]

Temperature elevation is one of the most important factors to induce adverse health
effects [8].



Biological effects that result from heating of tissue by RF energy are termed as
“thermal” effects [9].

Some biological effects of electromagnetic exposure were noted. Mobile phone
radiation can damage DNA. The degree of damage depended on the duration of the
exposures. Also recent studies have shown significant reductions in sperm motility,
viability and quantity in men using mobile phones for more than a few hours a day
[10]. Epidemiologic evidence indicates that mobile phone use of less than 10 years
does not pose any increased risk of brain tumour or acoustic neuroma. For long-term
use, data are sparse, and the following conclusions are therefore uncertain and
controversial. For diseases other than cancer, very little epidemiologic data are
avaliable. A particular consideration is mobile phone use by children. While no
specific evidence exists, children or adolescents may be more sensitive to RF field
exposure than adults. Children of today will also experience a much higher
cumulative exposure than previous generations. To date no epidemiologic studies on
children available [11].

There are a lot of news, articles, reports, studies on microwave radiation hazard and
they report miscellaneous biological effects. Uner and Kramarenko studied the
effects of the EMFs emitted by cellular phones on the human EEG in adults and
children. They have concluded that the EMFs emitted by cell phones may be
harmful for the human brain, since the delta waves are pathological if seen in awake
subjects. On the other hand, the slow wave activity was more pronounced in
children than adults, probably because absorption of microwaves is greatest in an
object about the size of a child’s head; the radiation can penetrate the thinner skull
of an infant with greater ease [12]. Being exposed to the thermal effect could cause
fatigue, cataracts and reduced mental concentration. Research is going on to study
the non-thermal effects of radiation, and it has been associated with affecting the cell
membrane permeability. Sadly the current exposure safety standards are purely

based on the thermal effect while ignoring the non-thermal effects of radiation [13].



Since mobile phones broadcast specifically at frequencies at which the head acts as
an antenna and brain tissue acts as a demodulating radio receiver then it is
reasonable to expect effects, adverse and otherwise, from bio-resonance at field
strengths and specific absorption rates well below current thresholds [14]. In another
study, the results showed that radiation from a standard cellular telephone affected
the brain electrical activity of rabbits exposed to the radiation under conditions that
simulated normal human use of the telephone. The effect was not seen when the
possible contribution of the brain to the SAR was minimized [15].

Also there are studies about human eye RF radiation interaction. It is that reported
that eye is one of the most affected organ [13], [16], [17].

To investigate biological effects of electromagnetic radiation, so many studies were
carried on biological environments and with various biological models at different
frequencies. Fujino, Hirata and Shiozawa evaluated the induced SAR in an
inhomogenous model of human body for exposure to EM waves from a dipole
antenna at 400 MHz. In particular, they compared the results for the homogenous
and inhomogenous models and they observed a large difference in the SAR

distributions.

Additionally, the peak SARs averaged over 1 g or 10 g of tissue obtained in the
homogenous model are overestimated as compared with those in the inhomogenous
model, only when the antenna-model distance is small [18]. In another study, the
effects of hand-held cellular phones to isolated human head is studied with FDTD
method. The comparisons of GSM and DECT systems show the relation between
antenna and absorbed powers in human tissues. Tissues are lossy dielectrics and
their conductivity values increase with frequency. As the operating frequency
increases, the peak SAR value increases but total absorbed power in human head

decreases, because of the decrease in penetration of EM fields through tissues.



Optimisation between the peak SAR and total absorbed power should be made in
choosing the operating frequency and antenna power for mobile communication
systems. Accuracy of numerical simulations strongly depend on the reliability of

electrical parameters of the tissues [19].

Lin reports that the uses of anatomically correct models derived from MRI data of
children may not be the cause of the difference in the conclusions reached.
Additionally, the exploration of a wider range of antenna distances used in the
computation both for models of children and for adults may disperse much of the

contention [20].



CHAPTER 2

METHOD

Throughout the procedure, a multipole expansion of the fields both in free space and
inside the dielectric is used. The multipole coefficients of the scattered field are
found by state-space technique. In finding the total field in the dielectric integral
expressions for the incident fields are used, the numerically (loop) evaluated

incident fields are added to the scattered fields.

Several assumptions have to be made to obtain a solution to this complex problem.
First of all it is a difficult task to find out the electrical parameters for each phantom
at any frequency. Also the solution would be quite difficult in case the exact shape
of the head is to be considered. So the model of the head is assumed to be composed
of concentric spheres representing the brain, bone and the skin layers. Each layer
have different permittivity and conductivity. Loop antenna excitation is taken in our
study. The results taken are for 900 MHz and 1800 MHz GSM frequencies.

2.1 The Theory of State-Space Formulation of Scattering

The general block-diagram of a scattering problem can be illustrated as shown in
Fig. 2.1 [21].



> systetn

incident (scatterer) scattered
——{ir| »
field field

Figure 2.1: Block diagram of scattering

In this case the scatterer is an inhomogenous and lossy dielectric spherical shell
which is used as the idealized model for the outer layers (except the brain) of the
head and the brain being the homogenous spherical core. Since thin-wire antennas

are used, the re-radiation from the antenna is neglected.

2.1.1 The formulation of scattering from inhomogeneous dielectric spherical
shells

It is used the formulation provided in [21,22]. Here it is summarized the relevant
parts given in [21,22]. The thermal effect of electromagnetic field on bio-objects is
directly related to the incident field strength [23]. The incident electromagnetic field
induces a volume distribution of the electric polarization current density and the
electric conduction current density in the shell of dielectric. These induced sources
re-radiate into a source-free region which result in the scattered field. The total field
in the air gap is obtained by adding the scattered and the incident fields. Using the
boundary conditions on the spherical surface between the dielectric and the gap, the

total field in the dielectric is obtained.



2.2 Extension of the Theory to Structures with Homogenous Dielectric Core

2.2.1 General description of the problem

In the model of the head [4], the brain is approximated by a homogenous core
covered by inhomogenous core covered by inhomogenous dielectric layers,
representing the brain, bone and skin layers. All the layers including the brain are
lossy, isotropic and dispersive. This model will be excited by loop antenna placed

outside the structure. The distribution of the heating potential P, (inWatt/ m®)

inside the dielectric structure is then evaluated with the exciting source being either
a thin-wire loop antenna with constant current with piecewice-continuous sinusoidal

current distribution. The heating potential is then

P,(R.6,4) = c(RIE(R.6,9)| /2 (2.1)

where o(R) is the conductivity and E (R, 8, ¢) is the electric field inside the head.

The loop is assumed to be infinitesimally thin and electrically small, i.e 27za, < A,

a, being the loop radius and A is the wavelength.

Under these conditions a constant current (I1,) flowing through the loop can be

realizable.

A loop antenna that is located R,, distance from origin generates E-field as

. - 2z JKRg
E- % [cosg, eR—d¢sa¢ 2.2)
0

S

where R, = [(RS cosé, —R,)? + (R, sin6, —a, cosg,)? +a,”sin® ¢, ]1/2 (2.3)



the antenna is made of thin wire, f is the frequency, I, is constant current that flows
in the antenna, x is permeability, ¢,is azimuth angle on the antenna, U, is unit

vector in azimuth angle direction.

The head configuration that is used in this study is shown in Figure 2.2. The head
model is three concentric spheres that are composed of the brain having 9 cm radius,
the bone having 5 mm thickness and the skin having 5 mm thickness. This head
model is excited by a loop antenna that has a, radius and located R,, distance from
origin at 900 MHz and 1800 MHz. The complex dielectric parameters of the head
model is as seen in Table 2.1 [1]. In Figure 2.2, & expresses zenith angle, R
expresses radial coordinate in 6 direction. In Table 2.1, ¢, expresses permittivity, o
expresses conductivity. Coordinates of head and coordinates of antenna are different

from each other, (R,,6,,4,) expresses coordinates of antenna.

&

Brain (Radius = 90 mm)

Bone
(Thickness = 5 mm)

e

Skin (Thickness = 5 mm)

Figure 2.2: Spherical head model and configuration



Table 2.1: Complex dielectric specifications of the head model that is used in
simulation [1]

. 900 MHz | 1800 1800 Mass

Radius | 900 MHz - MHz MHz Density

Layer (mm) or (mmho/m) &r o (kg/m°)
Skin 100 395 700 38,2 900 1080
Bone 95 12,5 170 12,0 290 1180

(cortical)
Brain (Grey 90 56,8 1100 518 1500 1050
matter)

Scattered field is found using multipole expansion coefficients, multipole expansion
coefficients are solved using state-space equations by computer program that are

developed by using Fortran programming language.

With the aid of total E-field heating potential in the dielectric structure is found [21].
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CHAPTER 3

THE DISTRIBUTION OF THE HEATING POTENTIAL IN THE HEAD

MODEL

Using equation 2.2 heating distributions in head were plotted. The plots that are
between Figure 3.1 and Figure 3.4 show the heat profiles for f = 900 MHz, R, =10
cm, 12 cm, 14 cm, 16 cm, respectively. The plots that are between Figure 3.5 and
Figure 3.8 show heat profiles at the same parameters for f = 1800 MHz, R,, = 10
cm, 12 cm, 14 cm, 16 cm, respectively. All these plots between Figure 3.1 and

Figure 3.8 are for ka, =0,3. I, =1 £A is taken in all these figures.

Power distribution
f=900 MHz,R12 =10 cm, ka1=0,3
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Figure 3.1: Heating potential at f = 900 MHz, R1,=10 cm, ka;=0,3
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Power distribution
f=900 MHz, R12 =12 cm, ka1=0,3
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Figure 3.2: Heating potential at f = 900 MHz, R;,=12 cm, ka;=0,3
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Figure 3.3: Heating potential at f = 900 MHz, R1,=14 cm, ka;=0,3
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Power distribution
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Figure 3.4: Heating potential at f = 900 MHz, R;,=16 cm, ka;=0,3
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Figure 3.5: Heating potential at f = 1800 MHz, R1,=10 cm, ka;=0,3
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Power distribution

f=1800 MHz, R12 =12 cm, ka1=0,3
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Figure 3.6: Heating potential at f = 1800 MHz, R1,=12 cm, ka;=0,3
Power distribution
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Figure 3.7: Heating potential at f = 1800 MHz, R1,=14 cm, ka;=0,3
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Power distribution
f=1800 MHz,R12 =16 cm, ka1=0,3
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Figure 3.8: Heating potential at f = 1800 MHz, R1,=16 cm, ka;=0,3

As shown in Figure 3.1, the heat increases as we go from the center of the head to
outer layer, decreases at the bone layer because of the low conductivity and again
increases at the skin layer at 900 MHz, for @ =30°. In all the dielectric structures,
maximum heat is found at the skin and the area that join the brain and the bone. Two
point that should be underlined are the radiation distance and conductivity value. For
bigger 6, heat value decreases on radial axis and maximum heat is obtained about
the center of the head. As seen in Figure 3.2, Figure 3.3 and Figure 3.4, heat values
decrease while Ry, distance increases. The comments for 900 MHz are substantially
acceptable for 1800 MHz but absolute heat values are less than the values for 900
MHz.
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Electromagnetic radiation definitions and standardizations are available in Table 3.1

[9].

Table 3.1: FCC Limits for Localized (Partial-body) Exposure

Specific Absorption Rate (SAR)

Occupational/Controlled
Exposure (100 kHz — 6 GHz)

General/Uncontrolled
Exposure (100 kHz - 6 G

Hz)

< 0,4 W/kg whole-body
< 8 W/kg partial-body

< 0,08 W/kg whole-body

< 1,6 W/kg partial-bod

y

For 900 MHz and 1800 MHz, SAR (Specific Absorption Rate) values were

calculated by dividing maximum power value into mass density for maximum

power absorption situation. According to these criterion, for 1, =1 zA obtained

SAR values are all lower than the specified limits.

Table 3.2: For R1,=10 cm absorbed max. power, SAR values

900 MHz 1800 MHz
0 D':z/lnassiiy Max. Po;/ver SAR D?nisiiy Max. Po;/ver SAR
30° 1180 2,52E-08 |2,13E-11| 1180 7,90E-09 6,69E-12
45° 1050 1,74E-08 1,66E-11| 1180 8,15E-09 6,91E-12
60° 1050 3,66E-09 |3,48E-12| 1180 2,17E-09 1,84E-12
90° 1050 1,02E-09 |9,74E-13| 1180 7,15E-10 6,06E-13

Table 3.3: For R1,=12 cm absorbed max. power, SAR values

900 MHz 1800 MHz
0 D'\e/lna}ssiiy Max. Power SAR Dlte/lnzsiiy Max. Power SAR
3 3
30° 1080 4,48E-09 4,15E-12 1080 1,49E-09 1,38E-12
45° 1080 4,90E-10 4,53E-13 1080 3,72E-10 3,44E-13
60° 1050 3,92E-10 3,73E-13 1080 2,09E-11 1,94E-14
90° 1050 8,75E-11 8,33E-14 1080 2,61E-11 2,33E-14
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Table 3.4: For Ri,=14 cm absorbed max. power, SAR values

900 MHz 1800 MHz
0 D'::/Inassiiy Max. Power SAR D?nfjlssiiy Max. Power SAR
3 3
30°] 1080 1,32E-09 1,22E-12 1080 4,43E-10 4,10E-13
45°| 1050 2,11E-10 2,01E-13 1080 1,05E-10 9,68E-14
60°| 1050 1,00E-10 9,53E-14 1050 6,31E-12 6,01E-15
90°| 1050 3,65E-11 3,47E-14 1050 2,73E-12 2,60E-15

Table 3.5: For R1,=16 cm absorbed max. power, SAR values

900 MHz 1800 MHz
0 D?nZissiiy I!’\(/)I\;i\l/)ér SAR DI:eAnassiiy Max. Power SAR
3
30°| 1080 4,62E-10 4,28E-13 1080 1,75E-10 1,62E-13
45| 1080 1,28E-10 1,19E-13 1080 6,61E-11 6,12E-14
60°| 1080 451E-11 4,18E-14 1080 1,34E-11 1,24E-14
90°| 1050 1,76E-11 1,68E-14 1050 1,42E-12 1,35E-15

The plots from Figure 3.9 to Figure 3.12 were obtained for a, =1cm and same head

model. Maximum power value was obtained for @ = 30° and power value decreases

while the distance R;, increases.
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Power distribution

f=900 MHz,R12 =10 cm, a1 =1cm
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Figure 3.9: Heating potential at f = 900 MHz, R1,=10 cm, a;=1 cm
Power distribution
f=900 MHz,R12 =16 cm,a1 =1 cm
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Figure 3.10: Heating potential at f = 900 MHz, R1,=16 cm, a;=1 cm
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Power distribution
f=1800 MHz,R12 =10 cm,a1 =1cm
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Figure 3.11: Heating potential at f =1800 MHz, R;,=10 cm, a;=1 cm
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Figure 3.12: Heating potential at f =1800 MHz, R1,=16 cm, a;=1 cm
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Table 3.6 and Table 3.7 were obtained for a;=1 cm.

Table 3.6: For R1,=10 cm absorbed max. power, SAR values

900 MHz 1800 MHz
Mass Mass Max.
Density | Max. Power SAR Density Power SAR
0 | (kg/m®) (W/m?) (W/Kg) (kg/m®) | (WIm®) | (Wikg)
30° | 1180 4,66E-09 3,95E-12 1080 1,90E-08 | 1,76E-11
45° | 1050 3,87E-09 3,68E-12 1080 1,84E-08 | 1,71E-11
60° 1050 7,74E-10 7,38E-13 1080 4,78E-09 | 4,43E-12
90° | 1050 2,16E-10 2,06E-13 1080 1,62E-09 | 1,50E-12

Table 3.7: For R1,=16 cm absorbed max. power, SAR values

900 MHz 1800 MHz
Mass Mass Max.
Density Max. Power SAR Density Power SAR
0 | (kg/m°) (W/m?) (W/kg) (kg/m®) (W/m?) (W/kg)
30° 1080 7,49E-11 6,94E-14 1080 4,30E-10 | 3,98E-13
45° 1080 2,02E-11 1,87E-14 1080 1,63E-10 1,51E-13
60° 1080 7,05E-12 6,53E-15 1080 3,31E-11 | 3,07E-14
90° 1050 2,81E-12 2,67E-15 1050 3,49E-12 | 3,32E-15
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CHAPTER 4

RELATION BETWEEN PERMITTIVITY, CONDUCTIVITY AND

HEATING POTENTIAL

To investigate the relation between permittivity, conductivity and heating potential,
the results were obtained for 10 mm and 20 mm radius spherical objects at different
permittivity and conductivity values. This object may be a biological

organism/tissue or a substance.

The plots from Figure 4.1 to Figure 4.8 show heating potential of the object with 10

mm radius. Here R1 denotes the radius of the spherical object. Maximum power was

obtained surface of the object and at @ = 45°.

The plots from Figure 4.9 and Figure 4.16 show heating potential of the object with
20 mm radius. Maximum power was obtained surface of the object and & =30°

except f = 1800 MHz, ¢, =100, o =100 situation. For this situation maximum power

was obtained center of the object and & = 45° as seen in Figure 4.14.

Tables 4.1-4.8 show that heating potential at 1800 MHz is higher than at 900 MHz.
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Power distribution
R1 =10 mm,er =10,0 =100, f =900 MHz
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Figure 4.1: Heating potential at f =900 MHz, R1,=2 cm, a;=1 cm
Power distribution
R1 =10 mm,er =10,0 =100, f =1800 MHz
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Figure 4.2: Heating potential at f =1800 MHz, R;,=2 cm, a;=1 cm
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Power distribution
R1 =10 mm, er =10, o =2000, f =900 MHz
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Figure 4.3: Heating potential at f =900 MHz, R1,=2 cm, a;=1 cm
Power distribution
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Figure 4.4: Heating potential at f =1800 MHz, R;,=2 cm, a;=1 cm
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Figure 4.5: Heating potential at f =900 MHz, R1,=2 cm, a;=1 cm
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Figure 4.6: Heating potential at f =1800 MHz, R;,=2 cm, a;=1 cm
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Figure 4.7: Heating potential at f =900 MHz, R1,=2 cm, a;=1 cm
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Figure 4.8: Heating potential at f =1800 MHz, R;,=2 cm, a;=1 cm
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Figure 4.9: Heating potential at f =900 MHz, R1,=3 cm, a;=1 cm
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Figure 4.10: Heating potential at f =1800 MHz, R1,=3 cm, a;=1 cm
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Figure 4.11: Heating potential at f =900 MHz, R1,=3 cm, a;=1 cm
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Figure 4.12: Heating potential at f =1800 MHz, R1,=3 cm, a;=1 cm
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Power distribution
R1 =20 mm,&r =100, 0 =100, f =900 MHz
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Figure 4.13: Heating potential at f =900 MHz, R1,=3 cm, a;=1 cm
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Figure 4.14: Heating potential at f =1800 MHz, R1,=3 cm, a;=1 cm
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Figure 4.15: Heating potential at f =900 MHz, R1,=3 cm, a;=1 cm
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Figure 4.16: Heating potential at f =1800 MHz, R1,=3 cm, a;=1 cm
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Figures 4.17-4.20 show the variations of the heating potentials versus the
conductivity of the dielectric material. As seen in these figures, heating potential
proportionally increases as the conductivity increase. Heating potential does not

vary versus ¢,, so these plots are not given.
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Figure 4.17: Power variation versus ¢ , at & = 10, f = 900 MHz
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Figure 4.18: Power variation versus o, at & = 10, f = 1800 MHz
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Power variation versus Conductivity
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Figure 4.19: Power variation versus ¢ , at & = 100, f = 900 MHz
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Figure 4.20: Power variation versus ¢, at & = 100, f = 1800 MHz

For a homogeneous spherical object that has 10 mm radius, the absorbed maximum
power values are given in Tables 4.1-4.4.

31



Table 4.1: For ¢, =10, ¢ = 100, R1,=2 cm, absorbed max. power values

900 MHz 1800 MHz
Max. Power Max. Power
0 (W/m?) (W/m?)
30° [ 0,31E-08 0,15E-07
45° | 0,33E-08 0,17E-07
60° | 0,25E-08 0,14E-07
90° | 0,99E-09 0,59E-08

Table 4.2: For ¢, =10, ¢ = 2000, R1,=2 cm, absorbed max. power values

900 MHz 1800 MHz
Max. Power Max. Power
0 (W/m?) (W/m?)
30° | 0,61E-07 0,30E-06
45° 0,67E-07 0,34E-06
60° | 0,51E-07 0,27E-06
90° | 0,20E-07 0,12E-06

Table 4.3: For g, =100, 6 =100, R1,=2 cm, absorbed max. power values

900 MHz 1800 MHz

Max. Power Max. Power
0 (W/m3) (W/m3)
30° 0,31E-08 0,15E-07
45° 0,33E-08 0,17E-07
60° 0,25E-08 0,14E-07
90Y 0,98E-09 0,59E-08

Table 4.4: For¢, =100, ¢ =2000, R12=2 cm, absorbed max. power values

900 MHz 1800 MHz

Max. Power | Max. Power
0 (W/m?®) (W/m°)
30° 0,61E-07 0,30E-06
45° 0,67E-07 0,34E-06
60° 0,51E-07 0,27E-06
90° 0,20E-07 0,12E-06
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For a homogeneous spherical object that has 20 mm radius, absorbed maximum
power values are given in Tables 4.5-4.8.

Table 4.5: For ¢, =10, ¢ = 100, R1,=3 cm, absorbed max. power values

900 MHz 1800 MHz
Max. Power Max. Power
0 (W/m?) (W/m?)
30° | 0,57E-08 0,44E-07
45° | 0,32E-08 0,35E-07
60° | 0,17E-08 0,26E-07
90° | 0,47E-09 0,17E-07

Table 4.6: For ¢, =10, ¢ = 2000, R1,=3 cm, absorbed max. power values

900 MHz 1800 MHz
Max. Power Max. Power
0 (W/m?) (W/m?)
30° 0,10E-06 0,54E-06
45° 0,58E-07 0,34E-06
60° 0,28E-07 0,18E-06
90° 0,74E-08 0,58E-07

Table 4.7: For ¢, =100, ¢ =100, R1,=3 cm, absorbed max. power values

900 MHz 1800 MHz

Max. Power Max. Power
0 (W/m?®) (W/m?®)
30° 0,69E-08 0,26E-06
45° 0,29E-08 0,29E-06
60° 0,14E-08 0,16E-06
90Y 0,41E-08 0,10E-07

Table 4.8: Foreg,

900 MHz 1800 MHz

Max. Power | Max. Power
0 (W/m?®) (W/m°)
30° 0,14E-06 0,54E-06
45° 0,73E-07 0,34E-06
60° 0,39E-07 0,24E-06
90° 0,30E-07 0,12E-06

100, ¢ =2000, R1,=3 cm, absorbed max. power values
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CHAPTER 5

CONCLUSION

The heat distributions generated in human head are investigated at GSM frequencies
of 900 MHz and 1800 MHz. Head is modelled by concentric spheres of brain, bone
and skin. Complex dielectric structure of the concentric spheres are excited by a thin

wire loop antenna.

For ka, =0,3 constant, it is that seen the heat increases as we go from the center of

the head to the outer regions, it reaches maximum at the area that join the brain and
the bone, decreases at the bone and increases at the skin again. In the head model, it
is that heat generally decreases as @ increases, maximum heat occurs at the center of
the brain. When R,, distance increases, heat decreases and the maximum heat
occurs for big 4. It is that seen the heat behavior pattern at 900 MHz is similar to
1800 MHz but heat level decreases at 1800 MHz. Also SAR values are presented in

tables.

For a, =1cm, heat level at 1800 MHz is higher than that of 900 MHz. Other heat
behavior pattern is similar to ka, = 0,3 situtation. SAR values are presented in tables

again. For above two situations, SAR values are lower than limits imposed by the

standards.

To investigate the relation between the heat potential, permittivity and the
conductivity, the results are obtained for any two spherical objects with 10 mm and
20 mm radius that are excited by a loop antenna located at 1 cm distance from the
objects surface at 900 MHz and 1800 MHz.
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For the object with 10 mm radius, maximum heat occurred at & =45°. Also it is
observed that the heat level at 1800 MHz is higher than 900 MHz.

For the object with 20 mm radius, maximum heat occurred at & =30° except
f = 1800 MHz, &, =100, o =100 situation. It is that seen the heat level at 1800 MHz
is higher than 900 MHz.

It is concluded that the heating potential proportionally varies depending on the

conductivity, however, the heating potential does not vary versus permittivity.
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APPENDIX A

A.1 Calculation of SAR

Complex dielectric coefficient for a lossy dielectric material is written as
=& (er _J < ) (All)
Conductivity for same material is found

PRp—— (A1.2)

If this environment is in a electric field, conductivity can be written as

J=cE (A.1.3)
If this environment is defined for a living thing, electromagnetic field is absorbed by

living thing. Absorbed energy by a living thing can be calculated as
SAR = [ E*dV (A1.4)
2p

Here, o: conductivity (S/m)
p: mass density (kg/m?®)
E: electric field (V /m)
define [24].
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A.2 Electric Field of Loop Antenna

(1,%)

Figure A.2.1: Small loop antenna

Small loop radiated fields.

5. = k1o cogg 2 . (A2.1)
o7 (kRZ (kR
~ . 1 i1
A, = jk®—>sing L + . e IkR A2.2
o = I Ty [kR (KR)? (kR)J (A2.2)

E¢ :—j77k3—|°AS sin @) i+—1 ~ e IR
4z kR (kR)

The terms in the radiated field expressions which vary as %kR) represent the small

(A.2.3)

loop far field.

Small loop far fields

H, z—kz':issin Qe IR (A2.4)

~ I,AS
E¢z77k2 0

[29].
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APPENDIX B

B.1 Limit Values in Turkey

Table B.1.1: Limit values for uncontrolled exposure in Turkey [25]

Frequency 900 MHz 1800 MHz
Limit value Total limit Limit value Total limit
for a device value of for a device value of
environment environment
Electric Field Strength | 10,23V /m | 41,25V /m | 1447V /m |5834V/m
Magnetic Field 0,027 A/m | 0,111 A/m | 0,038 A/m | 0,157 A/m
Strength
Power Density 028W/m? | 45W/m*> | 056 W/m? | 9,0 W/m?

Table B.1.2: Limit values for controlled exposure [25]

Limit Values for 900 MHz | ICNIRP IEEE/FCC
Electric Field Strength 90,0V /m -
Magnetic Field Strength 0,24 A/m

Power Density 22,5 30,0

Limit Values for 1800 MHz | ICNIRP IEEE/FCC
Electric Field Strength 127,28 V Im -
Magnetic Field Strength 0,34 A/m -
Power Density 45,0 W/m? | 50,0 W /m?

ICNIRP limit values that applied in European countries are to be taken
consideration, electric field strength limit value that correspond to % of standart

value has been accepted as basic criterion in regulations [26].
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B.2 SAR Values of Cell Phones

Table B.2.1: The ten highest radiating cell phones (Europe) [27]

Manufacturer Model SAR (W /kg)
Sony Ericsson T650 1,80
Sony Ericsson W880i 1,45
Nokia E51 1,40
Sony Ericsson W950i 1,35
Sony Ericsson Z610i 1,32
Sony Ericsson K810i 1,31
Sony Ericsson W610i 1,31
Sony Ericsson W660i 1,27
Sony Ericsson K550i 1,25
LG+Nokia KU250+N5700 1,24

Table B.2.2: The ten lowest radiating cell phones (Europe) [27]
(Max exposure 10 Wkg in 10 Grams of Tissue)

Manufacturer Model SAR (W /kg)
Samsung F210 0,20
Nokia 6267 0,31
Emporia Life 0,37
HTC TYTN11 0,38
LG KE970 Shine 0,43
LG KU970 0,43
Nokia 6290 0,47
Samsung U600 0,48
Nokia 8800i 0,50
LG KG130 0,52

0,1 (W/kg) SAR value is adviced for cell phones in WHO EMF Project by
performed WHO (World Health Organization) since 1996 [29].
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