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Abstract

Because the FDTD method becomes inefficient at low frequencies, other numerical schemes have to be considered. 
This study investigates the electro and magneto quasi-static approximation in connection with the very detailed human body 
models (up to 84 distinguished tissues). The numerical kernel has proven to be efficient and robust for a wide variety of 
applications from statics up to 0.5 MHz.

1. Introduction

In  the  last  decades,  the  finite-difference  time-domain  method (FDTD,  [1,2])  has  proven  to  be  an  efficient  and 
powerful numerical tool. Especially for interactions of complex human body models and electromagnetic (EM) fields, the 
FDTD  method  is  highly  valuable  to  assess  electromagnetic  compatibility  at  radio  frequencies.  However,  at  lower 
frequencies  the  FDTD  method  becomes  inefficient  due  to  the  explicit  time  integration  scheme.  Using  quasi-static 
approximations of Maxwell’s equations can lower the computational burden considerably. A novel approach and effective 
implementation was therefore the objective of this study.

2. Method

The  electro  and  magneto  quasi-static  approximations  (EQS and  MQS,  [3])  to  Maxwell’s  equations  have  been 
implemented using the finite element method (FEM) in frequency domain. The EQS model neglects the temporal change of 
the magnetic flux, whereas the MQS model neglects the temporal change of the displacement current. The nonuniform but 
rectilinear  computational  grid  of  the  FDTD  method  has  been  reused  to  benefit  from  the  model  discretization  and 
postprocessing capabilities of the graphical user interface SEMCAD X [4]. In addition, a variety of very detailed human 
body  models  for  FDTD  simulations  are  thus  immediately  applicable  for  the  low  frequency  solver,  which  is  a  very 
interesting feature in the scope of this study.

3. Results

The new low frequency solver package was applied to highly complex human body configurations. The EQS model 
was used in assessing the impact of applicators during cancer treatment with RF ablation (Fig. 1 and 2). The MQS model is 
currently under investigation addressing the safety of workers operating close to a MRI machine (see Fig. 3).



Fig 1: Detailed model of the chest  with highlighted tumor (yellow),  the vertebrae (white),  blood vessel  (red),  and RF 
ablation probe. 

Fig 2: The EQS model is used to simulate the RF ablation probe operated at 470kHz. The spatial SAR (specific absorption 
rate) is shown. 



Fig. 3: Young person inside two Helmholtz coils. The induced current density is shown on a slice through the body scaled to 
its overall peak value.

4. Conclusions

The numerical approach of this study has proven to be very effective to assess interactions between detailed human 
body  models  and  electromagnetic  fields  at  low  frequencies.  Real-world  simulation  results  in  the  range  from  cancer 
treatement (thermal ablation) to EM safety of MRI workers will be presented.
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