Al-Mansour University College / Proceeding of 15" Scientific Conference 23-24 April 2016

Study the Effect of Mobile Handset Radio Frequency on Human
being Health

K M.Quboa Ph.D (Asst.Prof.)* D.M. Al-zobydi Ph.D (Lecturer)* G.M.Faisal (Asst. Lecturer)**

Abstract

This work includes study and evaluation of Specific Absorption Rate (SAR) of
electromagnetic waves in human body (head and hand). The radio frequency (RF)
waves which are normally radiated from the handset mobile phones, are widely used
nowadays by the people of different ranks and ages. This topic which has attracted
the attention of the researchers in the later time. The evaluation process needs three
elements to be presented. The human head, hand and the handset mobile. Both
homogenous model of SAM (Specific Anthropomorphic Mannequin) head and hand
and heterogeneous model of head (voxel) are used in this work. The human hand is
designed with seven layers to be near the heterogeneous (real) hand. The handset
mobile is designed by the designer with patch antenna of four bands: 900MHz,
1800MHz, 2100MHz and 2400MHz. The process of evaluation is done for different
positions situations and handling of handset mobile phone with respect to the vertical
head axis for both homogenous and heterogeneous models. The results show that
the values of SAR are more real for heterogeneous model than homogenous one. In
addition, the results observed that maximum SAR point was in the index finger for all
the considered frequencies and SAR was reduced by 70% for moving the mobile
with 20mm away from the head, and by 80% for moving the mobile by 20mm away
from the head. The SAR evaluation has been done using the simulation model in the
CST package.
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1. Introduction

The developments in the wireless communication systems lead to
widespread use of the handset mobiles. The cellular mobiles are not used only by
limited rank of peoples, but it because to be available for the peoples, independent of
the rank, age or job...etc. These services are of great of importance, because of
facilitating the jobs or saving long times which may be spend to do certain jobs or
services. In spite of the previous advantages of the cellular phones. They have many
disadvantages, among which the health hazards which may happen, using the mobile
for a long time may lead to very dangerous diseases, like Cancer Tamurs in the human
head on body, or complications for health [1].

The latest years has shown a public interest in this field, which made the
researchers to pay a deep attention to this problem.

The problem is simply the human exposure to RF which are radiating from
the handset mobiles. The main line of the researches is the knowledge about the
specific absorption ratio(SAR), which is the indication of the amount of power absorbed
by in the user body, specially, head and hand. For such a purpose the research works
may be divided in to three groups: The 1% group which is dealing with the mobile
antenna, design, and reduction of the SAR. The 2" group deals with the SAR in the
different human head models, trying to use the models which are near to real human
head. The last group deals with the effect of the hand on the power radiated from the
antenna and its effect on the value of SAR in the hand &head. Each group has passed
through may development stages as will be lighted out in the following lines in brief.

The first group interests are to have an antenna with higher efficiency
smaller size and weight, to produce less SAR in the user body (head). For performing
such a goal, there were many works done in this field, Pekka [2], designed a PIFA
antenna for 3 G handsets, Riu, and Foster [3], also designed and tested a Patch
antenna for a handset mobile, considering different antenna positions on the printed
circuit board (PCB). Khalatbari et al. [4], made an improvement in handset mobile
antenna and reduced peak SAR up to 60%. Gada, et al. [5], had designed a multi-band
antenna used for SAR evaluation test.

The second group interests were in SAR evaluation in human head. Bernardi
et al. [6], calculated SAR in a uniform semi-in finite homogeneous plane tissues,
considered as head model. He used the commercial FDTD program (XFDTD). Results
show that the distance between RF source and the head model was inversely
proportional. Abd [7], had evaluated SAR in human head, exposure to RF
electromagnetic waves radiated from different commercially available mobile handset
antennas. Results show that all the SAR measured values were lower than the accepted
standard values. Hsing-Yi et al. [8], studied the effect of exposure time on temperature
increase in human head due to different models of the antenna. The results show that
the steady state value of temperature reduced after exposure time of about 20 minutes.
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Gasmelseed, and Yunus [9], evaluated SAR in two dimensional human head model at
900MHz, due to normal incident plane wave toward coronal and sagittal planes. The
results show that SAR was higher for sagittal than corona plane waves. Ayman [10],
evaluated SAR inside a simple plane multi-layered human head model. The result show
that peak SAR was occurred in the head skin tissue, the SAR and the distance of the
mobile to the head were inversely proportional, increasing the distance to 1-2 cm, SAR
had reduced by 3 times, for 900MHz &2400MHz, and reduced by 3.5 times for 1800MHz
. Omar A. A. et al. [11], investigated SAR distribution in a multi-layered human head
model at 900 &1800MHz, due to obliquely incident plane waves. The local SAR was
calculated using the new derived formula. Khalatbari et al. [4], studied the interaction
between human head model composed of one and six layers [skin, fat, bone, dura (the
outer membranes of brain and spinal cord), CSF (colony stimulating factor), and brain
and the electromagnetic field source at 900MHz frequency. The results show that the
six-layered head models were more reliable than the one layer model. Riu, and Foster
[3], evaluated SAR for a human head model of three layers (skin, bone, muscle) at 900
&1800MHz, UMTS /IMT 2000. Mohammad et al [12], evaluated SAR in the human head
for different mobile antennas (monopole, helical, patch, and PIFA), measurements
performed for variable distance between the head and the source of RF, (0-20 mm), at
frequencies 1800, 2200MHz. Results show that monopole gave highest SAR.

The last group of researches interest was the effect of the user hand on
the SAR values. Vikass et al. [13], investigated the effect of the hand on the SAR values.
The results show that its present during talking has a large influence on the SAR values
in the head, specially at 1950MHz. Ojerinde et al. [14], made a comparison between
SlIA(Software & Information Industry Association) hand phantom and different human
hands for over the air(OTA) power measurement. The results show that all the
participants received power less than the hand phantom. Al-Mously, and Abousetta [15],
studied the hand-hold impact of EM interaction of handset mobile and human. The
results show that the maximum average SAR was observed in the user hand. Al-Mously,
and Abousetta [16], studied the influence of human head and hand on SAR. SAR in
users head was simulated and measured; results show that the human head and hand
considerably affect resulting in SAR variation. Chung-Huan et al. [17], investigated the
influence of the users hand holding a mobile to the ear on the peak spatial SAR average
over any 1g & 10g of tissue in the head. Numerical simulations were conducted on four
mobile phone models, and parameters such as palm-phone distance, and hand position.
Both simulation and measurements have found increase in the psSAR in the head of at
least 2.5dB due to presence of the hand. Furthermore the psSAR is sensitive to the
hand grip, i.e. the variation can exceed 3dB. Riu and Foster [3], investigated the multi-
possible hand hold positions of the EM interaction of handset mobile and a human. Their
results show that SAR was peak for internal antenna compared to external. Ronald et al.
[18], designed an asian-sized hand model for SAR determination at GSM
900/1800MHz.The designed model has been used for SAR determination at various
hand positions, when holding a mobile phone during talk mode. The results shows that
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smaller hand dose have significant affect on SAR in head. Type of tissue has also a
significant affect on SAR values, depend on their densities. The hand grip plays a major
role in determining SAR in the head. Samsuri et al. [19], studied the effect of jewelry and
humans hand on SAR. The results show that the human hand has significant affect on
SAR. The metallic rings worn on the hand tend to reduce the SAR. The wrist worn
bangle has very small effect on SAR for all frequencies tests. The earring could
significantly influence the SAR depend on its diameter, and position relative to head.
The figure ring show minor changes in the SAR values.

From previous overview one can see that there is a need for more study of SAR
at wide ranges of frequencies using more realistic hand model. This is what present
work is dealing with. Designing a more realistic hand model and using a multi- band
antenna designed by Gada, et al. [5], for SAR evaluations.

2. Test System Construction

The SAR evaluating system in this work includes mobile phone, human head and
hand different models. The system elements are explained in detail in the following
pages:

The designs and simulations is conducted in CST Studio Suite 2011 [20] witch
embeds Microwave Studio for fast and accurate 3D EM simulation of high frequency
problems. Transient Solver is used to solve electric field value, power loss density and
S-parameters. Using a fast Perfect Boundary Approximation (FPBA) mesh technology is
used to define meshes at high dielectric properties area. SAR calculation will be
performed at 1g and 10g averaging mass after transient solver stops.

2.1. Mobile phone

A handset mobile phone with patch antenna designed in[5] is used in this work.
It contains quad band multi-layer patch antenna with dimensions 5 x 6 cm shown in
Fig.1.a, is fixed on printed circuit board (PCB) with battery. The set covered with plastic
box and LCD monitor (taken from a Galaxy-2 mobile phone) as in Fig.1.b.
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Fig.1: a. quad-band MPA. b. Handset mobile phone.

2.2. Head model

Two head models are shown in Fig.2 used, homogenous and heterogeneous.
The homogenous model is taken from the CST package. Heterogeneous is taken from
the [20]. The evaluations process is applied on the two following models.

Fig.2: a. Homogenous. b. Heterogeneous

2.3. Hand model

For the purpose of evaluation of SAR two hand models are used homogenous
model which is taken from CST-2011 package heterogeneous model which has been
designed in this work. The hand design was as follows: The design started with one
model given in human body Atlas [21] and shown in Fig.3. The tissues used in design
were marrow, bone, blood, cartilage, tendon, muscle, and skin. The Quasi-block model
is built up using cones for the ends of fingers, palm and wrist also, rectangular for wrist
and palm, sphere for cartilage, and fingers, cylinders for marrow and tendon to mimic
real human hand. The dimension of the hand is shown in Table I.
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The model constructed from wrist, palm, and fingers. Each finger contains three
bones with three joins. The palm constructed from four bone pieces joining the fingers
with the wrist. The wrist constructed from cubic piece of bone shown in Fig. (4.a.). All the
bones are filled with marrow tissue shown in Fig.(4.b). The bones are covered blood as
shown in Fig. (4.c) .The bones are joined with the cartilage tissue shown in Fig.(4.d).
Then the tendons tissues are placed on the bones Fig.(4.e). The structure is then
covered with muscles Fig. (4.f). All hand construction has been packed in a skin tissue
shown in Fig. (4.9). The overall designed hand is shown in Fig.(4). Properties of hand
model for four frequencies are shown in Table: II.

g il Table - I: Designed hand model Dimensions.
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Fig.4: Heterogeneous hand design steps.
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Table — II: Properties of the designed hand model[22].

Dielectric Operating Frequencies
Material P .
roperties 900 MHz 1800 MHz | 2100 MHz | 2400 MHz
Epsilon 12.453704 | 11.780735 11.592 11.41
Bone
. Conductivity 0.143304 0.275193 0.32813 0.38459
Epsilon 61.360718 | 59.372261 58.851 58.347
Blood
. Conductivity 1.538069 2.043690 2.2614 2.5024
Epsilon 41.405334 | 38.871857 38.431 38.063
Skin
. Conductivity 0.866780 1.184768 1.3075 1.4407
Epsilon 42.653103 | 40.215481 39.535 38.878
Cartilages
. Conductivity 0.782333 1.286782 1.4939 1.7172
Epsilon 5.504309 5.371605 5.3362 5.3024
Marrow
. Conductivity 0.040201 0.068468 0.080159 | 0.092834
Epsilon 56.879063 | 55.335312 53.163 52.791
Muscle
. Conductivity 0.995364 1.437796 1.5135 1.705
Epsilon 45.825 44.251 43.735 43.21
Tendon
E. Conductivity 0.71839 1.2008 1.4115 1.644

3. Tests Results

SAR evaluations tests have been done for different head and hand models, and
frequencies. The SAR calculations are performed at 1g and 10g average mass. The
tests are:

3.1. Designed hand with handset mobile phone test

The designed heterogeneous hand has been put with the mobile is shown in
Fig.5. SAR has been measured for four frequencies and repeated for different
references powers [23],[24],[25]. The test results are given in the Table: Ill.
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Table-lll: Heterogeneous hand designed with handset mobile phone.

Frequency Reference
in MHz powers SAR 1g Wikg SAR 10g W/kg
600 mw
900
250 mW
0.246 0.144
250 mW ne
1800 2.01
T X
125 mW % v
0.856
, D — n
/ / £
100 mW mem L o
2.34 1.64
2100
50 mW = = e o =
117 0.658
100 MW |
2400
50 mW
1.235 0.565
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Fig.5: Heterogeneous hand design with handset mobile phone.

3.2 Hand position

The designed hand has been put with the mobile. SAR has been measured for
four handling positions at (2100 MHz) with reference power 100 mW. The results of the
tests are are given in Table: IV.
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Table-IV: Heterogeneous hand designed with phone option.
Phone option SAR 1g W/kg SAR10g W/kg
N = B T
- \ 2 S
Hand fingers and part of the 2.86
palm covered antenna of 1.233
handset mobile phone
R N s Yy T 7 e \ =
o — o
: = |
Hand fingers covered the 1.566 0.8168
antenna handset mobile
phone = XX :
o \ X - o TR = = \ _:i
N ' : .-:L = >
P LRI > o ‘
Hand fingers covered little 0.946
area of the antenna handset 0.4899
mobile phone
i 177X 1 77 - - \
Hand fingers not covered the
antenna of handset mobile 0.256 0.162
phone
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Type SAR (res)

Monitor SR (F~2.0697) [1] (18g),
Kaximun-10 0962185 W/ky at -29.1723 7 -21.9249 / -0.803891
Frequency 20097

3.3. Calculate the penetration depth

Penetration depth of designed hand tissue was calculated for each tissue at
frequencies (900, 1800, 2100 and 2400) MHz and the results are listed in the Table: V.

by applying the equation:

Where
w: frequency (rad) / sec.
M: the middle permeability.

Ocef . Middle effective connectivity (S / m).

Given the Table: V, note that the penetration depth values decreases when
increasing the frequency and the relationship between them is a linear relationship, as
shown in Fig.6, which shows curve the relationship between the frequency and depth of
penetration for each tissue of tissues hand-designed.
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Table-V: Tissue penetration depth values of designed hand

Operating Frequencies

Material Dielectric
Properties& s
900MHz | 1800MHz | 2100MHz | 2400MHz
o (S/m) 0.143304 | 0.27519 | 0.32810 | 0.39427
Bone
O 0.049 0.025 0.021 0.018
o (S/m) 1.53806 2.0436 2.2615 2.5449
Blood
e} 0.015 0.0093 0.0081 0.0072
o (S/m) 0.86678 | 1.184768 | 1.3075 1.4407
Skin
O 0.063 0.0216 0.0107 0.0096
o (S/m) 0.78233 | 1.28678 1.4937 1.7556
Cartilages
O 0.0377 0.0117 0.0100 0.0087
o (S/m) 0.04020 | 0.068468 | 0.080152 | 0.095031
Marrow
e} 0.0938 0.0508 0.0434 0.0373
o (S/m) 0.99536 | 1.437796 | 1.6304 1.882
Muscle
e} 0.0188 0.0111 0.0096 0.0084
o (S/m) 0.71839 1.2008 1.4115 1.644
Tendon
O 0.0222 0.0121 0.0103 0.0089

2016 (i 24-23 panadiall jde (ualdl) alal) paigall gildy [ Analad) ) guaial) 44l




Al-Mansour University College / Proceeding of 15" Scientific Conference 23-24 April 2016

Bone 0.09
Blood
) 0.08
Skin
. 0.07
Cartilages
Marrow 0.06
: 0.05
Muscle
/ oot

AELNE

Tendon

Skin Depth (5,) in

.03

.02

M 0.01

2000 2500 2000 1500 1000 500

Frequency (MHz)

Fig.6: Chart showing the relationship between the values of penetration
depth for each texture of the tissue hand designed with frequencies

(900, 1800, 2100 and 2400)MHz.

3.4. Homogenous head and hand tests

Homogenous head and hand have been put with the handset mobile phone
designed in [5] is shown in Fig.7. The measurements has been represented for the
four frequencies (900, 1800, 2100 and 2400) MHz and different reference powers.

Fig.7: Homogeneous head and hand with handset mobile phone.

The SAR calculations are performed for both 1g and 10g average mass. The
tests results are shown in Table: VI.

2016 Glossi 24-23 (aaiiall e Guddl) alal) Haisall gilhy / Anslall  guaiel) 448



K M.Quboa Ph.D (Asst.Prof.)* ,D.M. Al-zobydi Ph.D (lecturer)* , G.M.Faisal (Asst. lecturer)**

Table-VI: homogeneous head and hand with handset mobile. phone

Frequency Reference
SAR1lg W/kg SAR10g Wi/kg
in MHz powers
500 mw
900
250 mw
250 mwW
1.37 0.81
1800
125 mw >
100 mw ~
0.756 0.444
2100 e
=
50 mW ~
0.378 0.222
100 mW B EFane. . RE-CSET- SRS =
0.582 ‘ 0.284
2400 — ’7:;:] =
50 mw T .
0.201 0.142
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Type SAR (ree)

Woniter SAR (F+2.1225) 11]) ()
TONAm-30 0.756119 WA AT 2. 4581 / N 25588 / 1. 088
troqumcy 29228 ‘[

3.5. Homogeneous head and heterogeneous hand tests

Homogeneous head has been put with the heterogeneous designed hand and
the mobile handset as shown in Fig.8. SAR has been measured at different reference
powers for each frequency. Then the measurements has been repeated for the four
frequencies (900, 1800, 2100 and 2400) MHz. The figures and results are as shown

in Table: VII.

Fig.8: Homogeneous head and heterogeneous designed hand with
handset mobile nhone.

3.6. Homogenous head and hand with handset mobile phone power tests

Homogeneous head has been put with the homogeneous hand and the mobile
handset. SAR has been measured for (125mw) reference power at four frequencies
(900, 1800, 2100 and 2400) MHz. The figures and results are as shown in Table: VIII.

3.7. Homogenous head and hand with mobile handset phone position tests

The homogeneous head and hand model has been put with the mobile
handset. The position simulation of the mobile has been changed with respect to
head. The handling of the hand has been fixed. SAR has been measured for all the
case for frequency 2100MHz and reference power of 100mW. The figures and results

are as shown in Table: IX.
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Table- VII: Homogeneous haed and heterogeneous hand with handset tests.

Frequency Reference
SAR1g W/kg SAR10g W/kg
in MHz powers
900 ——
0.14966 0.0829
1800
‘ 0.879 ‘ 0.5503
100 mW i
2100
50 mW i
100 mW =
2400 g
50mwW =
‘ 0.222 0.102
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Al-Mansour University College /
Frequency | Reference
SAR1g W/kg SAR10g W/kg
in MHz powers
900 125 mW
1800 125 mW
2100 126mw
0.727 0.351

125 mW

2400
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Table-IX: Homogeneous haed and hand with handset position tests

Phone option SAR W/kg in 1g AR W/kg in 10g

Normal case

/\ ,,‘

10mmSpace between
head & phone

Lol

20mm Space between
head & phone

it

T T

10mm space & 10°

i
i
i
i
| n
Vo ik
| = |

Sam rotate up 10°

Qg\%\‘ e

Sam rotate up 15° ) .
s p——— = — \ « K
| T (\: | : J [ EN
Q:ﬂ | > [ B |
i 2 = s, ...l = el S | n
0.331 0.193

Phone vertical
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3.8. Heterogeneous head and hand results

The heterogeneous head (voxel) has been put with the designed
heterogeneous hand and the designed handset mobile phone as shown in Fig.9. The
SAR has been measured for four frequencies (900, 1800, 2100, and 2400 MHz) and
for different reference powers. The results are shown in Table: X.

Fig.9: Heterogeneous head and hand with handset mobile phone.
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Table- X: Heterogeneous haed and hand with handset tests.

Frequency Reference
SAR10g W/kg
in MHz powers SAR1g W/kg
i |
1w
900 | =
- ) —d
500 mw SERRY |
1.58 0.555
=) [
250 mW el
1
2.33 0.929
1800
125 mW
100 mW
2100
50 mW
100 mW
2400
50 mW
0.909 0.42
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Wiy

1.58
1.8

1.26

|

| o
‘ 0.087

‘ 0.4
’ 0272

| i ‘ ‘ 3,740 097
| |
| |

|
Type K (res) |
Manitor SAR {Fe.0288%) (1] (1)
Manimun-3b 15808 N/Rg At -BE.IST F SA. MY /18,
Freguenty 0. 92865

| Z
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4. Results, Discussion and Comparison to previous work:-

The tests results performed in section 3 for different cases and shown in
Table: Ill, show the values of the SAR when putting the homogenous head, hand with
the mobile. For the worst handling situations, the measured SAR was maximum for
frequency 2100MHz, where the gain was maximum. It was equal to 1.37W/kg for 1g
average mass and 0.81W/kg for 10g average mass. The maximum average SAR
was obtained at the ear.

From Table: IV, it is clear from the table that different handling of the
mobile phone handset has an effect on the SAR values in the hand. The maximum
SAR was for the case putting the hand on the antenna position in the mobile for
frequency 2100MHz. The same phenomena has been observed for all the
considered four frequencies (900, 1800, 2100, and 2400) MHz. This effect is
because the hand is reflecting part of the waves to the antenna. The maximum SAR
was observed in the palm, it was equal to 2.86W/kg for 1g average mass and
1.23W/kg for 10g average mass. It is clear that the SAR value for 1g average mass
was more than the standard save SAR value (1.6W/kg) for 1g average mass and
(2W/kg ) for 10g average mass it was developed by ICNIRP(International
Commission on Non-lonization Radiation Protection).

The SAR measurement has been repeated for different reference powers of
each frequency as shown in Table: V. It has been observed that the SAR maximum
average value increases with the increase of the reference power. All the SAR
maximum average values were within the safe standard value < 1.6 W/kg for 1g
average mass and < 2 W/kg for 10g average mass.
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Homogenous head and designed hand has been put with the mobile. SAR has
been measured for all the considered four frequencies and different reference
powers. SAR maximum average value was increasing with the increase of the
frequency at same reference power. The maximum average SAR point was changing
for each frequency and it is depending on radiation pattern. For example, the
maximum average SAR point was at the end of the index finger for 900MHz
frequency, at the antenna for frequency 1800MHz, at the ear for 2100MHz, and the
maximum average SAR value returned to the lower end point of the index finger for
2400MHz.

Heterogeneous head, designed hand has been put with the mobile. SAR has
been measured for different frequencies and reference powers. SAR maximum
average value was increased with the increase of the frequency and reference
power, in the homogeneous head. The SAR maximum value point was changing. For
900 MHz frequency, the maximum SAR point was at the middle of the thumb finger
independent of the reference power. For 1800, 2100, and 2400MHz, the point was at
the middle of the index finger.

Table: IX shows the results of homogeneous head, hand with different mobile
positions. The results also show that increasing the angle between the mobile
handset and the head by 10°, SAR reduced by 30%. Moving the mobile with 10mm,
away from the head SAR had reduced by 70%, and 20mm, SAR had reduced by
80%. From this table we conclude that the SAR value gradually less the greater the
distance between the ear user and the mobile device and the relationship between
the relationships is linear as shown in the chart of the relationship between the
distance between the device and the ear user with the SAR value and shown in
Fig.10.
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Fig.10: graph of the relationship between the value of SAR1g and the distance between the
mobile device and the ear user.
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5. Conclusion

In this work, the effects of RF wave radiated from the handset mobile antenna
on human hand and head wave were investigated. A homogeneous and
heterogeneous head and hand models were used to evaluate maximum average
SAR distribution and values. The evaluation was performed for four frequencies (900,
1800, 2100, and 2400) MHz. The maximum average SAR was measured for the multi
layers designed hand with the mobile. The results observed that maximum SAR point
was in the index finger for all the considered frequencies.

SAR was measured for the homogeneous and heterogeneous head, hand and
mobile handset. The maximum average SAR point was shifting toward the head, by
increasing the frequency up to 2100MHz, where the maximum average SAR point
was at the hand more strictly at the fingers for 900MHz and at the mobile for the
1800MHz then it appeared at the ear for the 2100MHz. All the measured values of
the SAR were within the standard piece limit value except for 2100MHz and
reference power 100mW, 2400MHz for the same reference power.

The SAR appeared to be inversely proportional with the distance between the
mobile end the head, where SAR was reduced by 70% for moving the mobile with
10mm away from the head, and by 80% for moving the mobile by 20mm away from
the head.

6. References

Al " gl dana e b il s dphline 5 Sl cila el lae e jae 0 calial lae LIS i 01 -1
2012 sy i Aaals | a3l AN Aia LIS L) daia

2- Pekka H.," Specific Absorption Rate Design of 3™ Generation Handsets ",MSc.
thesis ,Helsinki Univ. ,Faculty of Electronics, Communications and Automation
Dept. of Radio Science and eng., Finland, February , 2008.

3- Riu P. J., and Foster K. R., "Heating of Tissue by Near-Field Exposure to A Dipole:
A Modle Analysis," IEEE Transaction on Biomedical Engineering, 1999; 46(8):
911-917.

4- Khalatbari S., Sardari D., Mirzaee A., and Sadafi H., "Calculating SAR in Two
Models of the Human Head Exposed to Mobile Phones Radiations at 900 and
1800 MHz, " Progress in Electromagnetics Research Sumposium, Cambridge,
March 2006; USA, 104-109.

2016 Glossi 24-23 (aaiiall e Guddl) alal) Haisall gilhy / Anslall  guaiel) 448



K M.Quboa Ph.D (Asst.Prof.)* ,D.M. Al-zobydi Ph.D (lecturer)* , G.M.Faisal (Asst. lecturer)**

5- Gada M. F., Qaydar M. Q. and Dia M. A., "Quad-Band Dual-Layer Micro strip
Antenna Design for Mobile Handset”, American Journal of Electrical and
Electronic Engineering, 2014,Vol. 2, No. 2,pp. 51-56.

6- Bernardi P., Cavagnaro M., Pisa S., and Piuzzi E., "Power Absorption and
Temperature Elevations Induced in the Human Head by a Dual-Band Monopole-
Helex Antenna Phone,"IEEE Transactions on Microwave Theory Tech,2001,;

49(12):2539-2546.

7- Abd A. A. H., "Mobile Phone and Health Hazards", MSC thesis, Electrical
Engineering Electronic & Communication, 2005.

8

Hsing-Yi C., and Han-Peng -Yi C., and Han-Peng Y., "Temperature in Human
Heads Due to Different Models of Cellular Phones,
"Electromagnetics,2006;26:439-459.

9

Gasmelseed A., and Yunus J., "Specific Absorption Rate (SAR) on the Human
Head as Function of Orientation of Plane Radiation: FDTD-Based Analysis",
Second Asia International Conference on Modeling & Simulation, 2008;959-962.

10- Ayman L.S., "Evaluation of SAR and Temperature Elevation in A Multi-Layard
Human Head Model Exposed to RF Radiation” MSC thesis, the Faculty of
Graduate Studies Jordan, University of Science and Technology, July 2010.

11- Omar A. A., Bashayreh Q. M., and Al-Shamali A. M., "Investigation of the Effect
of Obliguely Incident Plane Wave on a Human Head at 900MHz and 1800MHz,"
Int. J. of RF and Microwave CAE, March 2010; 20(2): 133-140.

12- Faruque, M. R. L.LF., Islam, M.T. and Misron, N. "SAR Analysis in Human Head
Tissues for Different Types of Antennas”,World Applied Sciences Journal 11 (9):
1089-1096, 2010.

13- Monebhurrun, V. ,\Wong, M. ,Gati ,A. and Joe Wiart, J."Study of the influence of
the hand on the specific absorption rate evaluation of mobile phones”,
Department of Electromagnetics, DRE-L2S, SUPELEC, 3 rue Joliot- Curie,
91192 Gif-sur-Y vette.

14- Ojerinde, O., Panagamuwa, C.J., Whittow, W.G., Edwards, R.M., "Comparison
between CTIA hand Phantom and different human hands for OTA power
measurements”, IEEE Antennas and Propagation Society International
Symposiumn(APSURSI),Chicago, USA, 8-14 July 2012.

15- Al-Mously, S. and M. Abousetta, "A study of the hand- hold impact on the EM
interaction of a cellular handset and a human,"International Journal of Electrical
and Computer Engineering,Vol. 3, No. 10, 657-661, 2008.

2016 Glussi 24-23 (aadiall e Guddl) alal) Haisall gilhy / Analall  guaial) 448



Al-Mansour University College / Proceeding of 15" Scientific Conference 23-24 April 2016

16- Al-Mously, S. and M. Abousetta, "Influence of human head and hand on PIFA
antenna matching properties and SAR", Software, Telecommunications and
Computer Networks (SoftCOM), 19th International Conference on 15-17 Sept.
2011,1-5:978-1-4577-1439-9.

17- Chung-Huan Li ; Douglas, M. ; ofli, E. ; Derat, B.,"Influence of the Hand on the
Specific Absorption Rate in the Head", Antenna and Propagation, IEEE
Transactions on (Volume:60 , Issue:2), Feb. 2012, 1066-1074: 0018-926x.

18- Ronald S. H, M. F. A. Malek, S. I. S. Hassan , C. E. Meng2, M. H. Mat , M. S.
Zulkefli , and S. F. Maharimi , "Designing Asian-Sized Hand Model for SAR
Determination at GSM900/1800:Simulation Part", Progress In Electromagnetics
Research, Vol. 129, 439-467, 2012.

19-Samsuri, N. A., "The effect of jewellery and the human hand on SAR and antenna
performance”, A Doctoral Thesis. Loughborough University.
http://dspace.iboro.ac.uk/2134/12203.

20- CST Micros-wave Studio in CST Studio Suite 2011 Users Manual,www.cst.com.
21- Human Body Atlas , www.123esaaf.com.

22- Gabriel, S., R. W. Lau, and C. Gabriel, "The Dielectric Properties of Biological
Tissues: Il. Measurements in the Frequency Range 10Hz to 20GHz,"Phys. Med.
Biol., Vol. 41, 2251-2269, 1996.

23- Outpot power levels for GSM and UMTS systems Byte Beats.
24- FCC Web Documents citing 15.219.

25- www.mobile info.com/Bluetooth/how_works.htm.

2016 Glossi 24-23 (aaiiall e Guddl) alal) Haisall gilhy / Anslall  guaiel) 448


http://dspace.iboro.ac.uk/2134/12203
http://www.123esaaf.com/
http://www.hallikainen.org/FCC/FccRules/CiteFind/015219.htm

K M.Quboa Ph.D (Asst.Prof.)* ,D.M. Al-zobydi Ph.D (lecturer)* , G.M.Faisal (Asst. lecturer)**

Obady) daia Jo JUL Ciilgll 4y gaa) 1) calaa il U A o

** Jiaid 3 gena B2 pp *Qgr_ deaa glua 28 *C-‘é daa lad _a_r‘,_i
oaldiaall

a8 Apbline s 1Sl Cila sall (SAR) e sl pabiaia¥) Jame apiiy dul 0 Jady sl Jaall
ISy LAY Dol ) AN il sed) B el e ermb (S G (RF ) sl ) clan i1 (a5l 1) ol
oY) Y1 3 cialll ol Cada g gan gl 138 i) e Al Jlae Y G 5 AN Y1 (A el

S Jall ) Glea ) Ayl Gl ny el At AU jualie dsa plisd sl dlee
Aoyl Gl 3 clexial (VOXE)os DU Guilaie juslly iy Gl U (SAM)psilaiall (sl
pdall Caledl Slea Adiadl Al pulaie el sl Ay B 0S8 Galdl JB (e i A e Lparaal
pxiill 4dee(900,1800,2100,2400)MHZ 433355 p s Ans b Jary (o2 (Sl 4 Galill U8 (e 4asanal
Ond salll MUK andiusall (ul ) g3 seall ) saall ) A aladin¥) ol leall cludd dlise (3 5l g aaal sl Cuy al
coilaie a5 uilaial)

Zail) a4 jlie dilaie il Z3lall 8 dpdly ST e gl palate¥) Jaes af b il oyl

die 70% Ll JB (SAR)AaS ¢ s sadinall haa il I ALl gona) (8 2ilS (SAR) ded pliel Ausilaid

& paiad) Gl g e (20) e Slead) sl 13 80% ke JE5 ale (10) e sl e Sleall lai
A Al 5 aail) ) jaY CST galill aladinly 4y gulall z3lail) aladii)

Jom sl Galn®
PSRRI

m 2016 s 24-23 anaiiall e (il alall izl iy | Analal)  guaiall dyiS



