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The course covers several aspects of human interaction with non-ionizing 
electromagnetic fields (EMF) including not only the undesired exposure from 
artificial sources, but also the biomedical applications of electromagnetic fields. 
The course deals with basic aspects of electromagnetic fields in environment, 
coupling mechanisms between humans and electromagnetic fields, established 
biological effects of electromagnetic fields from static to high-frequency range, 
international safety guidelines related to limiting human exposure to those fields, 
including relevant exposure limits and safety guidelines, electromagnetic-thermal 
dosimetry models and the related analytical/numerical solution methods. 
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Radiation from WPT Systems

❑ Nowadays many devices rely on wireless

charging.

❑ Sometimes the human body can be

located in the vicinity of WPT transmitter

and it is of interest to carry out the

exposure assessment via

incident/internal dosimetry procedures,

based on analytical/numerical approach.

❑ While the main feature of the realistic

human body models is accuracy, the

simplified models ensure rapid

estimation of the phenomena.
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E ... the peak value of the electric field

H... the peak value of the magnetic field

Aav ... the averaging area

... defined at  the surface of the body. 

In the GHz frequency (f>6GHz) range one has:

❑ Absorbed power density (Sab )
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Plane wave illuminating the human head - an unbounded scattering problem 

formulated by the Stratton-Chu integral relation and Helmholtz equation. 

The domain exterior to the head is expressed via the boundary integral equation 

( ) ( ) ( ) ( ) ( ) ( )1
' ' , ' ' , ' , 'ext inc ext ext s ext
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E E j n H G r r dS n E G r r n H G r r dS
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 
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 
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The behaviour of the field in an 

interior region is governed by 

partial differential equation
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Numerical procedure: hybrid FEM/BEM

Unknown electric and magnetic fields are approximated in terms

of edge elements preserving the tangential continuity of the

fields on the boundary:

ii

n

i
i ewE



=

=
1

 ii

n

i
i hwH



=

=
1



According to the weighted residual 

approach it can be written:
( ) 0intint =
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


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
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Having applied some standard vector identities, followed by the divergence theorem,

the weak formulation is obtained:

( )int int inti i i i i i

V Vi

w E j w E dV w dS H    


   − +  =    

28

INTERNAL FIELD DOSIMETRY  PROCEDURES – LF &HF EXPOSURES

Realistic Models – HF Exposures 



Numerical procedure: hybrid FEM/BEM

Now FEM/BEM coupling can be undertaken by forcing

the tangential components of electric and magnetic

fields to be continuous across the surface ∂V



=
V

extii

V

ii ESdwESdw ''int

 

Substituting Eext and Hext in Stratton-Chu IE with Eint and Hint, respectively, it follows:
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       BEMBEMincBEMBEM hHeeE +=

     FEMFEMFEMFEM hHeE =

FEM/BEM procedure 

results in the following 

system of equations:
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The temperature increase can be obtained 

by solving the bio-heat equation 
( ) ( ) 0b b a m EMk T c w T T Q Q  + − + + =

The boundary condition at the interface between 

skin and air is given in terms of the heat flux density:
( )s a

T
H T T

n
  = − −


Symbol Description

k heat conduction

ρb blood mass density

cb specific heat capacity of blood

w perfusion rate

Ta arterial temperature

Qm tissue dependent heat source due 

to metabolic processes

Symbol Description

λ thermal conductivity

H convection coefficient

Ts temperature of the skin

Ta temperature of the air

volumetric heat source due to external field
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Numerical procedure: FEM

The integral formulation convenient for FEM solution:

( )j b b j b b a m EM j j

V V V
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HF EXPOSURES – Computational Examples

Computational model of the human head including 

various head and eye tissues constructed from the 

magnetic resonance imaging (MRI) of a 24-year old 

male →

Head is exposed to vertically polarized plane 

wave at f=1.8GHz (1V/m amplitude) incident on 

the anterior side.
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HF EXPOSURES – Computational Examples

induced electric field specific absorption rate (SAR) temperature increase

Head is exposed to vertically polarized plane wave at f=1.8GHz (1V/m amplitude) incident on

the anterior side.
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SAR and temperature increase in the eye

due to the exposure to the plane wave at

f=1GHz and f=1.8GHz
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Uncertainty Quantification(UQ) & Sensitivity Analysis (SA)

❑ Uncertainties deal with physics of the problem of interest not to the errors in

the mathematical description/solution...

❑Uncertainty quantification (UQ) - quantitative characterization and reduction of

uncertainties in both computational and real world applications aiming to determine how

likely certain outcomes are if some aspects of the system are not exactly known.

❑The study of how the uncertainty in the output of a mathematical model or a system

(numerical or otherwise) can be apportioned to different sources of uncertainty in its

inputs.

Uncertainty Quantification 

Sensitivity Analysis
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CONCLUSIONS

• Some incident and internal dosimetry procedures for the assessment of

human exposure to EM fields have been discussed.

• Different EMI sources and human body models have been addressed.

• Some illustrative results have been presented throughout the course.












