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Accidental overexposure to non-standard mobile phone radiation can occur in many situations. The over-
power limit of mobile phone radiation interacts with the human body which could result in an adverse
effect on human health. It is envisaged that the severity of the physiological effect can take place with
small temperature increase in the delicate organs or tissues such as eyes, brain, skin, etc. However, the
resulting thermo-physiological response of the body tissues to overpower limit of mobile phone radiation
is still not well implemented. The aim of this study is to analyze the effect of overexposure of mobile
phone radiation on the specific absorption rate (SAR) and temperature increase in three-dimensional
heterogeneous human head models. The study focuses attention on the differences in the electromag-
netic (EM) absorption characteristics with higher power level among different usage pattern. The effect
of three different usage patterns - voice calling, video calling, and texting- on SAR and temperature dis-
tributions in different types of head tissues is systematically investigated. This paper also investigates the
effects of different user ages, radiated powers, and gap distances between mobile phone and human
heads, on SAR and temperature distributions. Results obtained from this analysis considering the safety
guidelines show a high impact of mobile phone radiation in the voice calling position. Hence, compar-
isons of the absorption of mobile phone radiation are calculated between an adult and a 7-year-old child
head model, for the voice calling position at different gap distances. In addition, the results indicate that
child head always has a higher absorption rate of mobile phone radiation than the adult head. The rate of
absorption in tissue increases as the distance between mobile phone and head decreases and the radiated
power increases, depending on their dielectric and thermal properties. The obtained results can be help-
ful in determining exposure limits for the power output of the mobile phone, and the distance a user
should maintain from the mobile phone in thermo-physiological aspects.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction

The rapidly increasing concern of mobile phone radiations
affecting human health has adversely been gaining much attention
over nearly two decades. Many organizations such as Institute of
Electrical and Electronics Engineers (IEEE) and the International
Commission of Non-Ionizing Radiation Protection (ICNIRP) have
established guidelines and standards based on peak specific
absorption rates, to limit the exposure of the electromagnetic field
[1–3]. When exposed to EM radiation, biological tissues absorb EM
radiation energy. Later, this absorbed energy gets converted into
heat which leads to an increase in temperature of the tissues. A
very small temperature increase of up to 0.2–0.3 �C in the hypotha-
lamus and 3–4 �C in eye is able to alter the thermoregulatory
behavior [4], and formation of cataract [5], respectively. However,
in a real situation, it is not possible to directly measure the temper-
ature increase in the body. Therefore, to understand the actual pro-
cess of interaction between EM radiation and human organs,
modeling of heat transfer in human tissues is necessary [6–9].

The study of the coupled model of EM wave and bio-heat equa-
tion in the tissues has been carried out from decades [10–13].
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Nomenclature

C specific heat capacity (J/(kg K))
E electric field intensity (V/m)
f frequency of incident wave (Hz)
j current density (A/m2)
k thermal conductivity (W/(m K))
r normal vector
Q heat source (W/m3)
T temperature (K)
t time

Greek letters
l magnetic permeability (H/m)
e permittivity (F/m)

r electric conductivity (S/m)
x angular frequency (rad/s)
q density (kg/m3)
xb blood perfusion rate (1/s)

Subscripts
b blood
ex external
me metabolic
r relative
0 free space, initial condition
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Many investigations have shown the effect of mobile phone radia-
tion on the human head. Nonetheless, a majority of them only
investigate the maximum SAR values permitted by public safety
standards and do not discuss the electric field and temperature dis-
tribution in the tissues [14–17]. This causes an incomplete analysis
of the results.

Our previous work discussed the temperature increase in bio-
logical tissues and has shown the importance of considering it in
the tissues along with the SAR when exposed to EM radiation
[13,18–20]. Keangin et al. [13] performed numerical analysis of
microwave ablation technique in a liver tissue using single and
double slot coaxial antennas that calculated microwave power
absorbed, SAR, and temperature distribution in the tissues. Wess-
apan et al. [18] used a coupled model of EM wave propagation
and heat transfer to obtain the SAR and temperature increase in
a 3-D realistic human head model exposed to mobile phone radia-
tion. Wessapan et al. [19] investigated the effect of operating fre-
quency on SAR and temperature increase, in a heterogeneous
human eye model exposed to EM fields. Recently, Wessapan
et al. [20] investigated the temperature increase in the reproduc-
tive system of the male due to near-field EMF absorption.

The EM absorption in near-field exposure depends on several
things, such as operating frequency of the mobile phone, distance
between the mobile phone and human head, etc. Moreover, the
new generation smartphones are used in many more ways than
just making voice calls, for instance in short messaging service
(SMS), video applications, and so on. Using the mobile phone in
these contexts require different positions which cause the human
head as well as the eyes to get exposed to the mobile phone radi-
ation from different angles. Above that, children’s heads are smal-
ler in size and shape than the adults. The tissues of a child’s head
are thinner. This gives us a reason to assume that the penetration
and distribution of EM field in child head is likely to be more
[16,21–24]. The exposure guidelines are established on the bases
of a head, size of an adult’s, regardless of the fact that user’s head
varies according to their age and other parameters [25]. Also, there
are many mobile phone models that are being built poorly by using
low-quality components and are available at a cheaper price in the
market. The performance of these mobile phones is obviously low
level in terms of communication. But, there continuous use can
also contribute to affecting the human health adversely. Generally,
a normal mobile phone radiates 1–2W of power. However, the low
quality mobile phones may radiate more power in some situations,
which may cause the human head to get exposed to the overexpo-
sure radiation. This type of case can lead to a more adverse impact
on the human head. Therefore, it is necessary to systematically
study the effect of different usage patterns on SAR and temperature
increase in adult’s and children’s heads to adequately explain the
biological effects of mobile phone radiation on human head in a
more realistic situation.

The first part of this paper will analyze the effect of the various
usage patterns of mobile phone on an adult head. The second part
represents the comparison between the adult and child head mod-
els for voice calling position. The work discussed in this paper is
the extended version of our previous work [18,26] by further
focusing on the effect of the usage patterns in overexposure condi-
tion. The head models used in this study are consist of various lay-
ers of human tissues such as skin, fat, bone, brain, and eyes.
Electromagnetic wave propagation and heat transfer in the human
head are calculated by using Maxwell’s equations [18], and Pennes’
bio-heat equations [6], respectively. The effect of the overexposure
condition of mobile phone on the SAR and temperature distribu-
tions within the human head, while using it in different contexts
(voice calling, video calling and, texting positions) are systemati-
cally analyzed.
2. Problem formulation

2.1. Head and mobile phone models

Exposing humans to the EM field is considered against ethics.
Hence, developing a structure through numerical simulation that
represents a human head model as truly as possible is more suit-
able. An adult head model and a 7-year-old child head model are
used in this study. The models are comprised of five tissues: skin,
fat, bone, brain, and eye, shown in Fig. 1 (a). The geometries of
3D human head models shown in Fig. 1(c) and Table 1, are directly
taken from the statistical body size data [18]. A patch antenna is
used in this study, shown in Fig. 1(b). The antenna used transmits
the radiated power up to 5 W with the frequency of 900 MHz.
2.2. Elements of study

The aim of this study is to find out the effect of mobile phone
over-exposure condition and its different usage patterns on the
SAR and temperature increase in the head models of adult and
child. Three cases of different usage patterns of mobile phone are
used for the study (Fig. 2). In the first case, for the voice calling
position, the patch antenna is placed at a distance of 0.5 cm from
the head, shown in Fig. 2(a). In the second case i.e. video calling
case, the mobile phone is kept at a distance of 3 cm from the eye
(Fig. 2(b)). For the third case i.e. texting case, mobile phone is
slightly tilted with respect to the head, and placed at 6 cm distance



Fig. 1. The physical domains of the problem: (a) cross section of human head model, (b) patch antenna, and (c) dimensions of human head model.

Table 1
Head dimensions used in this study [18].

Adult (cm) 7 years old child (cm)

Head length 28.99 17.3
Head breadth 24.69 14.9
Head height 36.03 20.8
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(texting position) from the chin, shown in Fig. 2(c). The dielectric
and thermal properties of the tissues used for the investigation
are shown in Tables 2 and 3 [10,18,22]. In which Er and r are
the relative permittivity and electrical conductivity of the tissues,
respectively. It is to be noted that there is no sufficient data for
the thermal properties of the children; hence, it is assumed that
there is no significant difference between the adult and children.
2.3. Equations for EM wave propagation analysis

To simplify the computational analysis, some of the following
assumptions are made in the study:

1. The propagation of EM wave is modeled in three dimensions.
2. The EM wave interacts directly to the human head in the open

region.
3. The free space outside the head model is truncated by using

scattering boundary condition.
4. The dielectric properties of tissues are uniform and constant.

The EM wave propagation is solved by using Maxwell’s equa-
tion which is simplified to demonstrate the EM field that pene-
trates into the human head [18,23], as follows;



Fig. 2. Different positions of mobile phone model: (a) voice calling, (b) video calling, and (c) texting.

Table 2
Dielectric properties of tissues [14,18,22].

Types of tissues Adult 7 years old

Er r (s/m) Er r (s/m)

Skin 41.41 0.87 42.47 0.89
Fat 11.33 0.11 12.29 0.12
Bone 20.79 0.34 21.97 0.36
Brain 45.80 0.76 46.75 0.78
Eyes 36.59 0.51 49.60 0.99
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r� 1
lr

r� E� k20erE ¼ 0 ð1Þ

where E is electric field intensity (V/m), lr is relative magnetic per-
meability, er is relative dielectric constant, and k0 is the free space
wave number (m�1).

2.3.1. Boundary condition for wave propagation analysis
In the patch antenna, a lumped port is defined at the bottom of

the antenna and between the two patches of perfect electric con-
ductor (Fig. 3). The lumped port is used for generating electromag-
netic field by defining a voltage drop with specific radiated power,
and can be written as follows:

Zin ¼ V1

I1
¼ E1l1

I1
ð2Þ

whereZin is the input impedance (ohm), V1 is the voltage along the
edges (V). I1 is the electric current magnitude (A), E1 is the electric
field along the source edge (V/m) and l1 is the edge length.The per-
fect electric conductor boundary condition is applied along the
patches of the antenna and is expressed as follows:

n� E ¼ 0 ð3Þ
Table 3
Thermal properties of tissues [10,18,19].

Tissue q (kg/m3) k (W/m �C)

Skin 1125 0.42
Fat 916 0.25
Bone 1990 0.37
Brain 1038 0.53
Eyes 1050 0.58
In order to avoid reflections of emitted electromagnetic wave, a
3D spherical PML domain is created around the head models. Scat-
tering boundary condition is applied on the outer surface of the
PML domain, as expression:

n� r� Eð Þ � jkn� E� nð Þ ¼ �n� E0 � jk n� kð Þð Þexp �jk � rð Þ
ð4Þ

where k is the wave number (m�1Þ, n is the normal vector, j ¼
ffiffiffiffiffiffiffi

�1
p

,
and E0 is the incident plane wave (V/m).

2.4. Interaction of electromagnetic waves and human tissues

The EM wave propagating in 3-D, incident on the head model
and the energy gets absorbed by the tissues. The absorbed EM
energy is measured in term of SAR, which is defined as power dis-
sipation rate normalized by material density [22,27]. The SAR is
described by the following equation:

SAR ¼ r
q
jEj2 ð5Þ

where E is electric-field intensity (V/m), r is electric conductivity
(S/m), and q is the tissue density (kg/m3).

2.5. Equations for heat transfer analysis

For solving the thermal problem, the temperature distribution
within the head models is obtained by solving bio-heat equations,
which takes into consideration heat conduction, blood perfusion,
and external heating. Heat transfer analysis is modeled in three
dimensions. To simplify the problem, the following assumptions
are made:

1. The human head tissues are biomaterial with uniform and con-
stant thermal properties.
C (J/kg �C) Qmet (W/m3) xb (1/s)

3600 1620 0.02
3000 300 4.58 � 10�4

3100 610 4.63 � 10�4

3650 7100 8.83 � 10�3

4178 0 0



Fig. 3. Boundary conditions for analysis of electromagnetic wave propagation and heat transfer.
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2. There is no phase change of substance within the tissue.
3. There is no energy exchange throughout the human head

model.
4. There is no chemical reaction within the tissue.

Temperature distribution in the layers of human head are ana-
lyzed by solving Pennes’ bio-heat equation [6,18]. The transient
bio-heat equations, efficiently describe how the heat transfer
occurs inside the human head, and can be written as:

qC
@T
@t

¼ r � krTð Þ þ qbCbxb Tb � Tð Þ þ Qmet þ Qext ð6Þ

where ?? is the tissue density (kg/m3), C is the heat capacity of tis-
sue (J/kg K), k is thermal conductivity of tissue (W/m K), T is the tis-
sue temperature (�C), Tb is the temperature of blood (�C), qb is the
density of blood (kg/m3), Cb is the specific heat capacity of blood
(J/kg K), xb is the blood perfusion rate (1/s), Qmet is the metabolism
heat source (W/m3) and Qext is the external heat source term (elec-
tromagnetic heat-source density) (W/m3).

The heat conduction between tissue and blood flow is approxi-
mated by the blood perfusion term, qbCbxb Tb � Tð Þ. The external
heat source term is equal to the resistive heat generated by electro-
magnetic field (electromagnetic power absorbed), which is defined
as:

Qext ¼
1
2
rtissuejEj2 ¼ q

2
� SAR ð7Þ
2.5.1. Boundary condition for heat transfer analysis
In this simulation, heat transfer is considered only in the human

head, which does not include parts of the surrounding space. As
shown in Fig. 3, the outer surface of the human head corresponding
to assumption 3 is considered to be a thermally insulated boundary
condition:
n � krTð Þ ¼ 0 ð8Þ

It is assumed that no contact resistance occurs between the internal
organs of the human head. Therefore, the internal boundaries are
assumed to be continuous:

n � kurTu � kdrTdð Þ ¼ 0 ð9Þ

At the initial stage, the temperature distribution within the human
head is assumed to be uniform at 37 �C.
2.6. Numerical procedure

In order to develop an efficient numerical model of the
human head exposure to mobile phone radiation, and deter-
mine the spatial distribution of the SAR and temperature
within the model exposed to the mobile phone radiation, we
utilized COMSOLTM Multiphysics which is based on finite ele-
ment method (FEM) for solving all formulations. In FEM, the
key step is to create the mesh of elements before performing
any computation. Hence, different types of meshes such as tri-
angular, swept, etc. are applied for spherical PML boundaries
and the human head located within it, as shown in Fig. 3.
The model of bio-heat equations and Maxwell’s equations are
then numerically solved. Convergence test of the case of voice
calling application is carried out at 900 MHz frequency to iden-
tify the independence of the appropriate number of required
mesh elements. The convergence test leads to a grid with
approximately 450,000 elements, it can be assumed that with
this number of elements the accuracy of the numerical results
is independent of the number of mesh elements. The conver-
gence curve resulting from the convergence test is shown in
Fig. 4.



Fig. 4. The convergence curve of the 3D model.
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3. Results and discussions

3.1. Numerical validation

To evaluate the accuracy of the current numerical model, we
validate our results with the previously published paper of Wess-
apan et al. [18]. For this, the current numerical model has been
modified and compared with the published work. The head model
used for validation contains three layers – skin, fat, and bone. The
patch antenna, operating at 900 MHz frequency and 1W radiating
power, is kept at the distance of 1 cm from the head model. The
resulting SAR values from the present numerical model show fairly
high agreement with the published work, as shown in Fig. 5. This
favorable comparison lends confidence in the way of simulating
the results of the present numerical model.
3.2. Calculation for adult head

3.2.1. Electric field distribution
To understand the electric field distribution inside each tissue

of the human head, numerical analysis is required. Fig. 6 shows
the comparison of the maximum electric field intensities inside
each tissue layer of the human head exposed to the mobile phone
radiation at 900 MHz frequency in voice calling, video calling, and
texting positions, respectively. The analysis is performed for
60 min of mobile phone exposure, at the radiating power of 5 W.
As shown in the figure, the highest and lowest electric field inten-
sities among all the cases are found in the skin and brain layers of
the human head, respectively. The maximum values of electric
field intensities obtained in the head skin are 167.50 V/m,
99.17 V/m, and 36.06 V/m, in the voice calling, video calling, and
texting positions, respectively. Whereas, for the eye, it is
24.45 V/m and 12.73 V/m, in the video calling and texting
Fig. 5. Comparison of the calculated SAR distribution to the SAR distribution
obtained by Wessapan et al. [18].
positions, respectively. A small distance between the mobile phone
and the exposed model cause more electromagnetic absorption.
Due to this, among all the cases, a greater value of electromagnetic
distribution is found in the skin layer in the voice calling position
(0.5 cm). Moreover, it is noted that electric field deep inside the
head diminishes, because, the absorption of EM energy causes elec-
tric fields to attenuate, which later gets converted into heat. The
dielectric properties shown in Table 2 play an important role in
the absorption of EM energy. A higher value of electric field inten-
sity obtained in the skin layer generates a high value of SAR. This
explains the reason behind obtaining the highest value of SAR
and electric field distributions in the skin layer for voice calling
position.

3.2.2. SAR distribution
Fig. 7 shows the SAR distribution in the adult head model, for all

the three cases (Fig. 2). The red area on the head models indicates
the highly affected region due to the mobile phone exposure. The
maximum SAR value of 10.84 W/kg for the voice calling position
is obtained right beneath the antenna (Fig. 7(a)), which is the high-
est SAR in head skin among all the cases. In the video calling posi-
tion (Fig. 7(b)), the maximum SAR value for the skin region is found
on the tip of the nose, right in front of the mobile phone with the
value of 3.80 W/kg. Whereas, in the texting position (Fig. 7(c)), the
maximum SAR value for skin is shown on the upper lip area of the
human head with the value of 0.51 W/kg. Fig. 8 shows the bar
graph representation of the comparison of maximum SAR values
for all three cases. It was found that the highest value of SAR, which
corresponds to Eq. (5), always obtained in the skin layer for every
case. The maximum SAR values in the tissues are found to be cor-
related with the electric field intensities (Fig. 6). It can be seen that
the SAR values in each tissue layer decrease rapidly along the dis-
tance from the mobile phone. It is evident that the magnitude of
dielectric properties in each tissue, shown in Table 2, highly influ-
ence the SAR distribution within the human head. For the eyes, val-
ues of maximum SAR distributions are 0.526W/kg and 0.126 W/kg,
in the video calling, and texting positions, respectively. The
obtained values of maximum SAR in the skin layer in voice and
video calling positions, with overexposure condition of 5 W radi-
ated power, exceed the ICNIRP maximum exposure limit of 2 W/kg.

3.2.3. Temperature distribution
To illustrate the process of heat transfer in the human head, the

coupled model of electromagnetic wave propagation and heat
transfer is investigated numerically. Due to these coupled effects,
the electromagnetic energy (Fig. 6) is absorbed by the tissue
(Fig. 7) and later transformed into an incremental amount of heat.
Fig. 9 shows temperature increase distribution in the adult head
exposed to the mobile phone radiation in three cases. In the
head skin, around the ear, the temperature increase is 0.19 �C
(Fig. 9(a)), right beneath the region of the antenna in the voice call-
ing case, which is the highest temperature in head skin among all
the cases. In the video calling position (Fig. 9 (b)), the maximum
temperature increase for the skin region is found on the tip of
the nose, right in front of the antenna (0.05 �C). Whereas, in the
texting position (Fig. 9(c)), the maximum temperature increase
for skin is shown on the upper lip area of the human head
(0.015 �C). Figs. 10 and 11 show the slice plot representation and
the bar graph representation of the comparison of the maximum
temperature distribution in the head layers for all the three
cases, respectively. The slice plots shown in Fig. 10, depict the
sensitive areas of the human head with an increased value of
temperature in it. From Fig. 11, it is found that the maximum tem-
perature increase does not directly correspond to the maximum
SAR value (Fig. 8). As can be seen, the temperature in the fat layer
is higher than the bone, even when the high value of SAR is found



Fig. 6. Comparison of maximum electric field intensities (V/m) in adult head exposed to the 5 W radiating power, at the frequency of 900 MHz, for the time period of 60 min
in, voice calling, video calling, and texting positions.

Fig. 7. SAR distribution in the adult head model exposed to the 5 W radiating power, at the frequency of 900 MHz, for the time period of 60 min in: (a) voice calling, (b) video
calling, and (c) texting positions.

Fig. 8. Comparison of maximum SAR values (W/kg) in adult head exposed to the 5 W radiating power, at the frequency of 900 MHz, for the time period of 60 min in, voice
calling, video calling, and texting positions.
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Fig. 9. Temperature increase distribution in the adult head model exposed to the 5 W radiating power, at the frequency of 900 MHz, for the time period of 60 min in, (a) voice
calling, (b) video calling, and (c) texting positions.

Fig. 10. Slice plot of temperature increase in the adult head model exposed to the 5 W radiating power, at the frequency of 900 MHz, for the time period of 60 min in, (a) voice
calling, (b) video calling, and (c) texting positions.

Fig. 11. Comparison of maximum temperature increases (�C) in adult head exposed to the 5 W radiating power, at the frequency of 900 MHz, for the time period of 60 min in,
voice calling, video calling, and texting positions.
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in bone compared to the fat for the voice calling case. This is
because the lower value of blood perfusion rate in the fat layer
keeps the temperature higher than the bone layer. Whereas the
higher value of dielectric properties in the bone layer keeps the
SAR higher than the fat layer. Also, due to the low value of thermal
conduction of the fat, the temperature is higher there compared to
the bone layer. The obtained temperature increase values are well
below to cause any thermal damage [19]. It is noticed that the ther-
mal properties of the tissue, shown in Table 3, highly influenced
the temperature distribution. We need to raise awareness because
an increase of approximately 0.2–0.3 �C temperature in the
hypothalamus leads to altered thermoregulatory behavior [4],
however, the obtained results are still well below the limited
values.

3.3. Effect of gap distances on the adult and child head

In all of the above cases, the analysis was performed for the
adult head and the highest values of SAR and temperature increase
among all the cases were found for the voice calling position.
Therefore, comparison of the distribution parameters has been
made between the child and adult head models for the voice
Fig. 12. Child head model exposed to mobile phone radiation working at 900 MHz freque
of 0.5 cm. (a) SAR distribution (W/kg). (b) Temperature distribution (�C).

Fig. 13. Comparison of maximum SAR values (W/kg) in adult and child heads exposed to
the time period of 60 min in voice calling position.
calling case only. Fig. 12 shows the SAR and temperature increase
in the child head model when the mobile phone is placed at a dis-
tance of 0.5 cm, at the frequency of 900 MHz, at the radiating
power of 5 W, for the exposure time of 60 min. The SAR distribu-
tion shown in Fig. 12(a) is transformed into an incremental amount
of temperature through EM absorption by the tissue in Fig. 12(b).
Figs. 13 and 14 show the comparison of maximum values of SAR
and temperature increase in the child and adult heads when the
distance between the mobile phone and head varies from 0.5 cm
to 1 cm, respectively. It is obvious from the figures that the value
of SAR and temperature decrease as the mobile phone goes far
away. Increasing the distance from 0.5 to 1 cm in the child head,
causes the SAR to decrease by almost 61%. The temperature, how-
ever, decreases slowly compared to the SAR. It decreases to 58% by
increasing the distance between mobile phone and head model to
1 cm. One can see the value of SAR and temperature distribution in
child head are higher than the adult head. This is because the
dielectric properties of child head are higher than the adult head
which becomes the reason of higher absorption of EM energy. Also,
the smaller size of the child head causes a deeper level of penetra-
tion of EM fields into the tissues. This all leads to higher value of
SAR and temperature distribution in the child head.
ncy, at the radiating power of 5 W, for the time period of 60 min, for the gap distance

the 5 W radiated power, at the frequency of 900 MHz, at different gap distances, for



Fig. 14. Comparison of maximum temperature increases (�C) in adult and child heads exposed to the 5 W radiating power, at the frequency of 900 MHz, at different gap
distances, for the time period of 60 min in voice calling.
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By comparing to the ICNIRP exposure limit, the maximum value
of SAR in child head for the 0.5 cm gap distance exceeds the limited
value in every tissue. Whereas, for the 1 cm gap distance the SAR
value in child head only exceeds in the skin layer. For adult, the
SAR value exceeds the limited value only in the skin for both gap
distances. Comparing to the temperature increase level for the
hypothalamic region that may affect thermoregulatory response
(0.2–0.3 �C) [4], the resulting value of maximum temperature
increase in the brain region does not exceed this value in both
gap distances.
Fig. 16. Comparison of maximum temperature increases (�C) at different radiated
powers in adult and child headsin voice calling position.
3.4. Effect of different radiated powers on the adult and child head

The effect of the different radiated powers on the adult and
child heads has also investigated. Recall from the previous section,
skin layer of the human head has maximum values of SAR and
temperature increase. Figs. 15 and 16 show the maximum value
of SAR and temperature increase, respectively, in the skin layer,
for the gap distance of 0.5 cm and various radiated power levels.
It can be clearly seen from the graphs that the radiated power of
mobile phone influences the distribution parameters. It is found
that SAR and temperature increase within the head increase with
the increase in radiated powers. The slopes correlating the maxi-
mum SAR in the head and the radiated powers are significantly
affected by user age. From the analysis, the child head is found
Fig. 15. Comparison of maximum SAR values in adult and child heads at different
radiated powers in voice calling position.
to be more sensitive than the adult head in both terms of SAR
and temperature increase. The obtained SAR values from the radi-
ated powers higher than 0.5 W and 0.8 W, in child and adult,
respectively, are found to exceed the ICNIRP exposure limit [1].
However, the maximum temperature increase in the head tissues
for all radiating powers does not lead to any physiological damage

4. Conclusion

The paper investigates the increase in SAR and temperature in
anatomical human head models of child and adult in overexposure
situations. The comparison of the three different mobile phone
usage patterns is studied when the head models are exposed to
mobile phone radiation at 900 MHz frequency and 5 W radiating
power. The study also includes a comparison of the distribution
parameters in child and adult heads, effect of different gap dis-
tances and radiated powers. The results show that among all the
cases, the SAR and temperature increase are found to be highest
in the voice calling case for 0.5 cm gap distance and 5W radiated
power. Also, it is evident from the results that the SAR and temper-
ature increase in the tissues do not directly correspond to each
other but are related to the physical parameters of biological tis-
sues such as thermal conductivity, dielectric properties, blood per-
fusion rate, etc. This shows the importance of performing transient
thermal analysis along with the dosimetry analysis to clearly
understand the interaction between mobile phone radiation and
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human tissues. Comparing to the ICNIRP exposure limit, the result-
ing SAR values in skin layer, in voice and video calling cases, are
found to exceed the exposure limit. But, comparing the tempera-
ture increase in the brain, it does not approach the possible phys-
iological damage.

This study shows the concern regarding the non-standard
mobile phone devices which may be harmful to human health
from excessive radiation power. Moreover, the obtained results
from the study also show that the children are more exposed
and have a greater possibility of a serious adverse effect than the
adult when exposed to mobile phone radiation.
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