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ABSTRACT 
 
In this study, to examine the impact of distance, angle and frequency on the human head during the regular 
functioning of a mobile phone, a head model is constructed via COMSOL software dataset. The handset antenna 
has been configured with a patch antenna being a radiation source at 900 MHz, 1800 MHz and 2100MHz, 
respectively. Temperature increase and specific absorption rate distribution on the head with various 
angles and distances are simulated by using finite element method. Moreover, the simulations are also repeated 
during the voice and video calls with varying distances. It is observed that the values that are obtained in the 
simulations are in good agreement with the basic limitations set up by IEEE and ICNIRP, designating that the 
safety restrictions will not be dared by the usage of user.  
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1. INTRODUCTION  
 
Up to date, due to the health implications, there is a 
rising public anxiety about the electromagnetic (EM) 
waves radiated from wireless devices. Radio 
frequency (RF) exposure causes temperature rise in 
the human body which leads to physiological damage. 
During the exposure, it is important to analyse the 
temperature distribution and specific absorption rate 
(SAR) levels of the body tissue, so that they can be 
compared with the limits determined by authorities 
such as International Committee on Non-Ionising 
Radiation Protection (ICNIRP), World Health 
Organization (WHO), and IEEE [1-3]. 

Guyton et. al [4] has investigated that for 30 min 
longer EM wave exposure durations, the allowable 
temperature elevation in the human brain is 4.5 0C, 
and 10 0C  15 0C in the skin. Thus, human brain is 
vulnerable organs to EM waves. Therefore, several 
researches have been calculated the temperature rise in 

for exposure to EM waves from 
mobile phones [4-18]. Guy et. al [8] has quantified 
SAR distributions in man, woman, and child models 
exposed to UHF mobile-antenna fields. Yioultsis et. al 
[9] has examined the effect of the exposure due to a 
variety of ordinarily used mobile phones and 
communication antennas on human beings. In the 
following years, Hirata et. al. [10] examined the 
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correlation of the temperature escalation in the brain 
and head with the maximum SAR value due to mobile 
antennas. In the same year authors have published 
paper regarding the rise on the temperature due to 
exposure in between 900 MHz and 2.45 GHz 
frequency range [11] and furthermore in 2013, for 
whole body from 30 MHz to 6 GHz, they have figured 
out the temperature increase and the SAR for a plane 
wave exposure [12]. Under continuous RF exposure, 
the time to achieve the thermal steady-state has also 
been studied with an antenna at 835 MHz which has 
the varieties of power values [13]. In addition, it is 
investigated in [14] that various phone brands 
operating at 900 MHz have various temperature 
elevation values in the human head. SAM phantom 
model has been constructed to examine the EM energy 
assimilation in the human head due to the RF 
exposure at 900 MHz using planar inverted F antenna 
(PIFA), and the microstrip patch antenna as a handset 
antenna model, respectively [15,16].  
 
Until 2015, adequate concentration has not been 
shown to the angle and the distance variations 
between the antenna and the human head [17]. It is 
aimed in this study to analyse the consequences of the 
distances between the human head and the handset 
antenna on the SAR and the temperature. 
Furthermore, this study examines the influences of 
angles between the antenna and the human head on 
temperature and SAR values at frequencies used in 
GSM-900, GSM-1800 and GSM-2100 mobile phones. 
Moreover, the exposure effects during the voice and 
the video calls are presented as well.  
 
2. THEORETICAL BACKGROUND 
 
In this study, in order to make a comparison with the 
previous researches in the literature [9], antenna 
power is set the same at 600 mW. After preparing lab 
environment, simulations are performed to obtain 
SAR values on human head surface. SAR is the power 
absorption by the unit mass of a tissue (W/kg), and it 
is given with the Equation (1) which presents the rate 
of deposition into tissue. 
                                                           (1)  
where E is ele
the mass density of the tissue (kg/m3

conductivity.  
 
When the human head is exposed to EMFs, blood 
flow and metabolic range parameters should be taken 
into consideration. The relation between EMFs and 

equation introduced in 1948 [19]: 
   (2) 
where the [kg/m3] is the material density, c[J/(kg C)] 
is the specific heat capacity, k )] is the 
thermal conductivity, Qmet[W/kg] is the metabolic heat 
generation rate, B[W/m3

coefficient, [L/(s*kg)] is the blood perfusion rate, 
and Tblood is blood temperature [19].  
 
3. SIMULATIONS 
 
Since different tissue parameters and head models are 
used in each study in the literature, it is very difficult 
to make meaningful contributions. In this study, the 
effects of distance, the angle and the frequency on 
temperature distribution and SAR values in the human 
head are investigated, thus these variations are so 
important in terms of safety and health hazards due to 
RF exposures.      
 
In order to analyse the effect of radiation on human 
brain, SAR values are shown on logarithmic scale. 
Moreover, the brain structure is sliced to show clearly 
the penetration of the radiation.  
 
3.1. Influences of Distance Between Human Head 

and Handset Antenna 
 
In this part, it is aimed to analyse the impacts of the 
distances between the head and the mobile 
phone model on SAR and temperature rise at 900 
MHz. The distance is changed from 0 mm to 6 mm in 
2 mm intervals. Maximum SAR and temperature rise 
results summarized in Figure 1. It can be clearly 
inferred from the results that as the remoteness 
between the mobile phone and , 
SAR and temperature values decline.   
 
3.2. Effects of Frequency Variation 
 
This part of the study highlights the influences of 
frequency on the temperature and SAR distribution in 
the head during EM field exposures. The main 
frequency bands which are used for GSM 
communication, 900 MHz, 1800 MHz and 2100 MHZ 
are chosen. The simulation results are given in Figure 
2 and Figure 3 for SAR and temperature, respectively.  
 

 
Figure 1. Effects of distance variation of SAR 

[W/kg] and temperature [0C] at 900 MHz. 
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Figure 2. Variation of SAR [W/kg] values versus 
varying frequency. 

 
Figure 3. Variation of temperature increase [0C] 

versus varying frequency. 

Many countries have started to use 4G technology. In 
Turkey, citizens can currently make a 4G call since 
2016. Due to the increase of the bandwidth, people 
can also make video conference calls with high 
quality. However, these developments suffer from 
health issue trade-off. In order to evaluate health 
hazards of 4G, voice call at 2.1 GHz and the video call 
at 900 MHz are simulated. SAR and temperature 
values during the voice call are listed in Table 1 with 
varying distances from the head and the handset 
antenna.  Temperature and SAR values during the 
voice call versus distances are depicted in Figure 4. 

Table 1. The effect of voice call at 2.1 GHz. 
Distance (mm) SAR (W/kg) Temperature (0C) 

0 0.3336 0.211 
2 0.0943 0.158 
4 0.0425 0.144 
6 0.0070 0.129 

 
 

 
Figure 4. SAR [W/kg] and temperature [0C] 

values for video call at 900 MHz. 

3.3. Influences of Angle Between Head and 
Antenna  
 

While people talking on cell phones, human head can 
be exposed to radiation at various angles. Therefore, it 
is crucial to analyse the effect of various angles 
between the antenna and the human head on the SAR 
and temperature values. The simulations are repeated 
starting from 0 degree to 25 degrees in 5 degree 
intervals. Figure 5, Figure 6 and Figure 7 depict the 
results for varying angle values at 900 MHz, 1800 
MHz and 2100 MHz, respectively. For each 
frequency, SAR and temperature distributions on the 
head are shown in Figure 8, Figure 9 and Figure 10 
when the angle between user head and the antenna is 
fixed to 25 degrees.    
 
According to the simulations, it can be stated that 
when the angle increases, both SAR and temperature 
values have a tendency to decrease. Summary of 900 
MHz angle variation studies can be seen on Fig. 5. 
 

 
Figure 5. SAR [W/kg] and temperature [0C] 

increase values at 900 MHz with different angles. 
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Figure 6. SAR [W/kg] and temperature [0C] 
increase values at 1800 MHz with different 

angles. 

 

Figure 7. SAR [W/kg] and temperature [0C] 
increase values at 2100 MHz with different 

angles. 

 
 

 
Figure 8. SAR [W/kg] and temperature [0C] increase for 900 MHz at 25 degree angle. 

 

Figure 9. SAR [W/kg] and temperature [0C] increase for 1800 MHz at 25 degree angle. 

 
Figure 10. SAR [W/kg] and temperature [0C] increase for 2100 MHz at 25 degree angle. 

The degree is inversely proportional with SAR and 
temperature values. On the other hand, it is important 
to imply that shifts on the angle are not effective on 
SAR and temperature increase as much as distance 
variation. 
 
4. CONCLUSIONS 
 
Temperature increases and SAR distributions in terms 
of varying angles and distances between the antenna 
and the user  head have been investigated due to EM 
waves exposure from a patch antenna for 2G, 3G, and 

4G mobile wireless systems. As the distance between 
the antenna and the increases from 0 mm 
to 6 mm, SAR distribution in the human head declines 
from 3.0 W/kg to 1.82 W/kg. The maximum 
temperature increase in the head is declined from 0.36 
0C to 0.25 0C. The simulated SAR and temperature 
distributions are generally in compliance with the 
literature such that the values are decreasing with the 
increasing distances.  
 
In the simulations of finding the relation between the 
SAR and temperature values with the angle of 
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antenna, it is detected the angle and  
SAR - temperature values are inversely proportional 
to each other. It is found in the simulations of the 
voice and the video calls that temperature increase and 
SAR distribution values are declining as the distance 
is rising. The obtained results confirm the importance 
of the position of the mobile phones while having 
voice and video calls.   
 
Comparing and evaluating study results should be 
handled with extreme care. Because, different tissue 
parameters, varying human head models and antenna 
types, undefined distance values between the antenna 
and the human head may result in uncertainties and 
mismatches in between the simulations.  
   
All in all, different methods produce different results. 
For instance, on highly-curved surfaces FDTD has 
poor performance. Additionally, mesh sizes also affect 
the results. Although coarser meshes have less 
accurate results compared to finer meshes, in order to 
decrease the simulation complexity and time, finer 
mesh rate should be reduced.  
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