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 Abstract : Scientists use the SAR (specific absorption rate) to determine the amount of radiation that human 

tissue absorbs. This measurement is especially important for mobile telephones, which radiate close to the 

brain. The model studies how a human head absorbs a radiated wave from an antenna and the temperature 

increase that the absorbed radiation causes. In view of the effects of electromagnetic radiation to human body, 

the influence of surrounding environment caused by EM radiation is always a serious problem. Also,  

parameters called body loss and perfusion rate are defined. 
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I. INTRODUCTION  
The introduction of the paper should explain the nature of the problem, previous work, purpose, and the 

contribution of the paper. The contents of each section may be provided to understand easily about the paper.  

The increasing use of wireless equipment has also increased the amount of radiation energy to which human 

bodies are exposed, and it is particularly important to avoid radiation into the brain. Experts continue to debate 

how dangerous this radiation might be. Almost everyone agrees, however, that it is important to minimize 

exposure to radiation. A common property that measures absorbed energy is the SAR value, calculated as,  

SAR= ( /E//E/) / 2 ρ. where σ is the conductivity of human brain tissue,  ρ is the density, and /E/ is the norm of 

the electric field. The SAR value is an average over a region of either 10 g or 1 g of brain tissue, depending on 

national rules. This model does not calculate the average value and so it refers to the local SAR value. The 

maximum local SAR value is always higher than the maximum SAR value. Different positions of the  antenna 

in the talking mode are compared, and the position with the antenna located on the bottom of the mobile handset 

and facing the head is recommended for minimal body loss [1,2]. With the large-scale application of mobile 

communications, the total amount of electromagnetic radiation will increase and people will have to re-evaluate 

the social effect of mobile communications . The influence of EM radiation will be one of the most important 

elements which should be considered in the research and design of mobile communications system [5]. 

 

II. EM WAVE  PROPAGATION CHARACTERISATION 
The radiation comes from a patch antenna placed on the left side of the head. A line current on an edge 

acts as an equivalent current source feeding the two patches of the antenna. To avoid reflections, the model 

makes use of PMLs (Perfectly Matched Layers). The model solves the vector-Helmholtz equation everywhere in 

the domain for a certain frequency.   

         
Frequency Value Description 

835 MHz 1.35 S/m Conductivity 

835 MHz 56 Relative Permitivitty 

 

This example takes material properties for the human brain from a presentation by G. The following table 

reviews some important frequency-dependent properties in this publication. The interpolation function samples 

these values to create a realistic variation. switching method is adapted for co-located multi antenna systems to 

reduce the influence of the index finger on the antenna's efficiency[3] . 

 

III. HEATING OF THE HEAD 
The bioheat equation models the heating of the head with a heating loss due to the blood flow. This 

heat loss depends on the heat capacity and density of the blood, and on the blood perfusion rate. The perfusion 

rate varies significantly in different parts of the human body, and the table below presents the values used here.                                            
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PART PERFUSION RATE 

Brain 2·10-3 (ml/s)/ml 

Bone 3·10-4 (ml/s)/ml 

Skin 3·10-4 (ml/s)/ml 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                            Figure 1: Log-scale slice plot of the local SAR value. 
 
The same interpolation function used for the electric parameters also models the difference in perfusion rate between the 

brain tissue inside the head and the outer parts of skin and bone. Note again that the use of the interpolation function does 

not have any physical relevance; it is just to show a realistic effect of a varying material parameter. 
 

IV. SIMULATION RESULTS AND CONCLUSION 
The model studies the local SAR value in the head using the formula described earlier for the frequency 835 MHz. 

The SAR value is highest close to the surface of the head facing the incident wave. The differences in electrical properties 

become visible if you plot the local SAR value on a log scale (Figure 1). The bio-heat equation produces a similar plot for 

 When the antenna is mounted on the top of ground plane, the left-

and-right-hand difference is due to the impact of the index finger, and when the antenna is mounted on the 

bottom of the ground plane, this difference is mainly caused by that the antenna is covered by different parts of 

hand phantom (either the bottom part of the thumb or the tip of the little finger) [4]. 
 

 

 

 

 

 

 

 

 

 

 

 

 
          

 

 

 Figure 2: The local increase in temperature at the surface has a maximum of 0.193 C right beneath the antenna. 
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V     APPENDIX 

Name Expression Description  

epsilonr_pcb 5.23 Permittivity for the patch 

  antenna board  

    

epsilonr0_br 56 Permittivity for the brain 

ain  tissue  
    

sigma0_brain 1.35[S/m] Conductivity for the brain 

  tissue  
    

rho_brain 1.03e3[kg/m^3] Density of brain tissue 

   

sdamping 2e-4 Sampling parameter 

   

edamping 4e-4 Sampling parameter 

   

soffset -1.0[S/m] Sampling parameter 

   

eoffset -50 Sampling parameter 

    

c_blood 3639[J/(kg*K)] Heat capacity of blood 

    

rho_blood 1000[kg/m^3] Density of blood  
   

odamping 1.08e-6[1/s] Sampling parameter 

   

ooffset 7.8e-4[1/s] Sampling parameter 

    

freq 835[MHz] Frequency  

    

 
 

 

 


