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This paper describes the application of the Trefftz method to the temperature rise in human skin exposed to 
radiation from a cellular phone. A governing equation is given as the Poisson equation. An inhomogeneous 
term of the equation is approximated with a polynomial function in Cartesian coordinates. The use of the 
approximated term transforms the original boundary-value problem to that governed with a homogeneous 
differential equation. The transformed problem can be solved by the traditional Trefftz formulation. Firstly, 
the present method is applied to a simple numerical example in order to confirm the formulation. The 
temperature rise in a skin exposed to radiation is considered as a second example. 
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1. IN T R ODUCT ION 

There has been an increasing public concern regarding the possible health effects of human exposure 
to an electromagnetic radiation. The principal biological effect of the radiation has been considered 
to be dominantly thermal in nature. The hazardous electromagnetic field levels can be quantified 
analyzing the thermal response of the human body exposed to the radiation [7, 20]. 

In this paper, we will focus on the temperature rise in human skin exposed to the radiation. 
The problem to be solved is governed with the Poisson equation with adequate boundary condi­
tions. There is an inhomogeneous term in the equation and therefore , in general , it is not adequate 
to use the boundary-type solution procedures such as the boundary element methods, method of 
fundamental solutions and the Trefftz methods because there exist domain integrals due to the 
inhomogeneous term in the integral equation. In order to transform the domain integrals due to 
boundary integrals, several formulations have been presented; dual reciprocity method [18 , 19], 
multiple reciprocity method [16, 17], radial bases function approximation [3, 8, 11 , 14, 21], poly­
nomial function approximation method [23], boundary point interpolation method [13], method of 
fundamental solution [1, 5, 12, 15] and so on. 

In this paper , the Trefftz method is applied to the analysis of the temperature rise in human 
skin exposed to the radiation [4 , 9, 22]. The problem to be solved is governed with the Poisson 
equation. An inhomogeneous term of the equation is approximated with a polynomial function in 
Cartesian coordinates. The use of the approximated term transforms the boundary value problem 
of Poisson equation to that of Laplace equation. The boundary value problem governed with the 
Poisson equation can be solved easily according to the traditional Trefftz formulation. In the present 
method, the system of equations is derived according to the collocation-type formulation. It is not 
necessary to do boundary integrals as well as domain integrals and therefore , the formulation is 
much simpler than the other methods. 

The remaining of the paper is organized as follows. In Section 2, the formulation of the problem 
to be solved is described. In Section 3, the present method is applied to some numerical examples. 
Section 4 summarizes the conclusions. 
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Table 2. Numerical results for example 2 

Model SAR Max. Temp. Rise [0C] 
Docomo S0702i 1.35 0.000409 
Nokia 702NK2 0.83 0.000251 
au Talby 0.499 0.000151 
Willcom WA007SH 0.021 0.000006 

4. CONCLUSIONS 

This paper describes the application of the Trefftz method to the temperature rise analysis in human 
skin exposed to radiation from a cellular phone. The governing equation is given as the Poisson 
equation. An inhomogeneous term of the equation is approximated with a polynomial function in 
Cartesian coordinates. The use of the approximated term transforms the original boundary-value 
problem to that governed with a homogeneous differential equation. The transformed problem can 
be solved by the traditional Trefftz formulation. 

Firstly, the present method is applied to a boundary value problem of the Poisson equation. Nu­
merical results well agreed with theoretical solutions. So, in a second example, the method was ap­
plied to the temperature rise in human skin exposed to radiation of a cellular phone. We compare four 
cellular phones; Docomo (S0702i), au (Talby), Softbank (Nokia 702NK2) and Willcom (WA007SH), 
which are popular in Japan. They are 3G-type cellular phones, except for Willcom (WA007SH). 
From the view-point of the rise in the human skin, we notice that Willcom (WA007SH) is the most 
gentle and that the au(Talby) is gentler than the other 3G-type cellular phones. 
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