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Abstract 

 
 The Wireless systems are nowadays increasingly used and wireless phones are being, not only used to listen, but 
also to watch. The new systems are able to operate at different protocols and frequency bands and they are used in 
different ways. In particular, more and more children are using a cellular handset or a cordless phone. For this reason, it 
is of interest to analyze the influence of the usage on the exposure. The paper is divided in two parts, the first one 
analyzes the influence of the position of the phone and the second part analyzes the influence of the usage on the real 
power emitted. 
 

1. Introduction 
 
 The Wireless systems are increasingly used in domestic environment. For instance, wireless phones are 
nowadays not only used to listen but also to watch. New systems are able to operate at different protocols and frequency 
bands, for instance some recent handsets are able to switch from GSM or UMTS to WiFi. The usages have also changed 
in the last 10 years, in particular the number of children using a cellular handset or a cordless phone at home has 
increased these last years. For this reason, it is of interest to analyze the influence of the usage on the exposure [1, 2]. 
 The exposure depends on many parameters such as the frequency, the location of the source, the structure of the 
electromagnetic field and, of course, the type of tissues. The exposure depends also on the signal and its time occupancy 
of the channel. In the case of DECT or GSM there is a deterministic duty cycle while with new signals such as WiFi 
there is no fixed duty cycle, frames are emitted with a random time between them (known as "backoff"). For this 
reason, the real exposure induced by the systems must take into account the real emitted power that depends on various 
techniques such as the adaptive power control, the discontinuous transmission or the random emission. The location of 
the source is a fundamental parameter since the exposure depends on the power emitted but also on the location of the 
emitter (distance, orientation…). Depending on the usage (listening, watching…) the handsets are not used in the same 
way. They might be close to the ear as they may be placed in front of the head. 
 The first part of this paper will analyze the SAR induced in different head models considering the new usages of 
mobile phones. In particular, the exposure of children will be analyzed. The second part of this paper analyzes the 
influence of the usage on the real power emitted.  
 
 

2. Exposure linked to new usages 
 
 Intensive works have been carried out with handsets close to the head. The aim of this study is to estimate the 
SAR induced in different head models with the new usage of mobile phone. The objective of this paper is to analyse, on 
one hand, the influence of the new usages on the SAR induced in different head models (Fig. 1) where the distance of 
the mobile phone is fixed at 10cm. Secondly, we analyze the influence of the hand and the trunk as well as the influence 
of the distance between the mobile and the head on the SAR induced in the head. The numerical study is performed on 
adult and child head models with handsets operating at 900 MHz, 1800 MHz and 2100MHz. The method is the well 
known FDTD (finite-difference time-domain method) [7].  



                
Figure 1 heads and test configuration 

 
 Three heterogeneous head models are used (Fig. 1): one adult which is the Visible Human head (VH head) and 
two child heads (aged 15 years and 9 years old). The child heads are derived from MRI and from direct imaging from 
the Visible Human model. The phone models are a commercial and a generic model (known as IEEE Fig.2) [3]. The 
length of the antenna is 71 mm for 835 MHz, 36 mm for 1900 MHz and 32 mm for 2100MHz. The second one is a 
commercial phone having a tri-band patch antenna (Fig. 2) which is composed of the basic elements, namely a battery, 
a patch antenna, a ground plane and a plastic layer surrounding the handset.  
 

        
Figure 2 Handsets used for this study commercial (left) IEEE (right) 

 
 In all configurations, the maximum SAR over 10g is estimated in a cube as recommended in the IEEE standard.  
Table 1 shows the results obtained with the handset located at 10 cm in front of the head and normalized to the handset 
close to the ear and in cheek position [6]. The mean and the median of the results are respectively 0,11 and 0,12 with a 
standard deviation of 0,05 that means that at 10cm in front of the head the exposure is about 10 time below the exposure 
induced by a mobile in cheek position.  
 
 

10 cm 9-years-old 
(Patch) 

15-years-old 
(Patch) 

VH 
(Patch) 

9-years-old 
(IEEE) 

15-years-old 
(IEEE) 

VH 
(IEEE) 

900 MHz and 845 MHz 0,10 0,17 0,16 0,05 0,09 0,12 
1800 MHz and 1900 MHz 0,14 0,24 0,13 0,08 0,13 0,09 

2100 MHz 0,11 0,14 0,08 0,06 0,21 0,09 
Table 1 Maximum SAR over 10 g in the head of a user having handset located at 10 cm in front of the head (results 
normalized to the handset close to the ear and in cheek position) 
 

Simulations have also been performed at different distances for a 9 years old child head at 900 MHz. In this 
case, the results shown in table 2 are also normalized to the SAR obtained with the phone in cheek position. As it can be 
shown at 18 cm the maximum SAR over 10g is about 5% of the maximum SAR obtained in cheek position while it is 
less than 1% at 40 cm.  
 
 

 10 cm 18 cm 
patch 

40cm  
(Patch) 

10cm 
(IEEE) 

18 cm 
(IEEE) 

40 cm  
(IEEE) 

900 MHz and 845 
MHz 

10E-2 4,69E-02 2,08E-02 5E-2 2,15E-02 5,38E-03 



Table 2 Maximum SAR over 10 g in the head of a 15 y.o. child having handset operating at 900 MHz and located at 
different distances in front of the head (results normalized to the handset close to the ear and in cheek position) 

 
3. Real power emitted 

 
Previous studies analyzed the influence of power control and DTX on GSM emissions [4]. In this study, we analyze the 
TX power of 3G mobiles in different modes: Voice (AMR), Visio phony (CS64), data (PS64), data (PS128), data 
(PS384). For the data tests, the network server was asked to force the data rate to the desired rate (target). However, the 
server adjusts the real rate of the mobile transmission depending on the emitting conditions. The absolute values are 
strongly dependent on the measurements conditions because the measurements have been performed in an office room 
close to an UMTS base station in static mode. 

 
Figure 3: Statistical distributions of the Tx power for different services 

 
The figure below shows that the distributions have the same shape except for the AMR voice mode where the Tx power 
was more variable. The influence of the network has also been studied. In this case the measurements are performed 
using the two identical handsets connected to two different 3G networks in a voice mode. The handsets were forced to 
be always connected to 3G services (handover between 3G/2G was not allowed). The measurements are performed 
across a dense urban area (Paris). Each mobile is fixed to a hand phantom near a head phantom. Each one is filled with 
a broadband liquid.  
   

 
Figure 4: Statistical distributions of the Tx power for different networks 

 
The figure above shows that a significant variation is noted between the two networks but in all the cases the median 
power emitted is well below the maximum. It is important to note that the probability to reach the maximum power is 
very low compared to 2G networks [5]. This was expected as the CDMA technology uses a rapid power control (1500 
Hz) and also allows soft and hard handovers without a power jump to the maximum power as it is in 2G services. The 
following table gives the main statistics. 
 
 
 



Indicator  Network 1 Network 2 Delta 

Mean -14.6 dBm -11.7 dBm 3 dB 

Median -28 dBm  -22 dBm  6 dB 

Standard deviation  10 dB  10 dB   

max@90% -12 dBm  -8 dBm 4 dB 

 
 

4 Conclusions 
 

This paper analyzes the influence of the usage on the exposure. The new systems are able to operate at different 
protocols and frequency bands and they are used in different ways. The influence of the position of the phone and the 
influence of the usage on the real power emitted have been studied. A phone operating at 10 cm in front of the head 
induced an exposure that is about 10% of the exposure induced by the phone in cheek position. As expected, the greater 
the distance of the phone the lower is the exposure and at 40 cm the exposure is less than 1%. The analysis of the power 
emitted by 3G systems shows that the exposure is much lower than the exposure induced by GSM since the power 
control does not operate in a same way and since it is more efficient. 
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