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Object under test inside exposure system

Transverse Electro-Magnetic (TEM) line (Fig. 1) is one of 
the most popular exposure system that is very often used 
in electromagnetic compatibility tests or in bioelectroma-
gnetics experiments [9][10]. It may be used for antenna’s 
calibration, electromagnetic compatibility investigations 
and biomedical studies. 
TEM cells have many advantages, like the wide frequen-
cy range from DC to hundreds megahertz, good isolation 
from external environment, frequency independent field 
intensity, relatively small costs. But there are also some 
limitations: influence of line on object, mutual interactions 
between the cell and object, problems with larger objects 
testing at high frequencies, non-ideal EMF distribution, re-
sonances and the presence of higher modes.

						             a)	

 

Introduction

Increasing usage of electronic equipment and wireless te-
lecommunication systems in almost all aspects of our live 
has coused interested of society about electromagnetic 
field (EMF). Whole environment is intentionally or unin-
tentionally exposed to EMFs. This exposure creates a risk 
which is current subject of studies in bioelectromagnetics 
experiments. Especially important issues are biomedical 
studies exploring the effects of EMFs on human [1]-[7]. 
One of the most important problem in bioelectromagnetics 
studies is accuracy one. Bioelectromagnetic research is 
one of the least accurate and difficult to perform. In many 
cases the tests are performed when the EMF exposure is 
significantly different from the one to which objects are 
exposed to in real life. In order to improve the accuracy it 
is necessary to increase the comparability of results obta-
ined in different labs. Estimates made by the author show 
that due to interaction between the tested objects and the 
exposure system and among objects themselves, errors 
may exceed even 100% [8][9]. These phenomena are the 
reason for significant differences in the results of research 
done in different research centres.
Tha aim of this paper is to focus attention of experimenters 
on one phenomenon that is not taken into account in the 
majority of experiments and may lead to complete falisifi-
cation results of experiments.
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Calculating absorbed power allows to see how exposure 
system influences on tested object [9][11].

Materials and methods

It is well known that the primary tool for quantitative re-
search is hands-on experimentation and measurements. 
Unfortunately, the tests are not always possible due to 
high complexity of the studied objects, lack of appropria-
te sensors or their inaccuracy. This is especially important 
in the measurement of EMF. It is worth mentioning that 
any physical quantity measured (i.e.: frequency) are per-
formed with 1010% accuracy, whereas the error in creating 
a standard EMF equals 5%-10%. That influences the test 
tools’ accuracy whose error can’t exceed the one of cre-
ating EMF. Further appears the question of ethics of such 
tests. Experiments examining EMF’s influence on human 
body are acceptable with person’s consent, but still con-
troversial. The same applies to the use of animals for this 
type of research. Above arguments show that bioelectro-
magnetic testing is a challenge, and is often impossible to 
perform. This is where use of mathematical models and 
computer programs based on numeric methods comes in 
handy. These tools give us some insight on the expected 
results. Similar results from different numerical methods 
can be considered as exemplary and reliable
The most important feature and the biggest advantage of 
computer simulations using numerical methods is their 
ability to predict the behavior of the actual object based on 
its mathematical model. It is much easier and faster to per-
form computer simulations, rather than perform the me-
asurements in real life conditions. Computer simulations 
are also extremely useful when the experiments are too 
dangerous to perform, i.e.: when the researched EMF can 
cause health issues or death of tested objects. Major draw-
backs of computer simulations are restraints of computing 
resources and long duration of the calculations.
All presented in this paper results were obtained by Finite 
Element Method (FEM) and Finite Difference Time Do-
main method (FDTD) [12][13].
In the above simulations, real TEM line (Fig. 2a) was re-
placed by two conductive surfaces (Fig. 2b). Six models 
(I-VI) of different sizes of TEM line were used. They va-
ried one dimension – distance (d) between plates (Fig. 3).

						      a)	                                                  

                                                                                       b)
              
Fig. 1. TEM line as exposure system: a) construction, b) a cross sec-

tion of opensided line

Placing any object with conductivity different than zero in 
the EMF causes certain losses. If the values of the electric 
field intensity and conduction current density are known, 
then the power loss that is absorbed by the objects is de-
scribed by the formula

 	 	 	 	 	       	 (1)

where:
Pabs – absorbed power,

E – electric field density vector,

J – current density vector,

V – volume of the object.

Substituting into (1) as J

 	 	 	 	 	       	 (2)

where: 

       – conductivity of tested object

and making simple transformations, we get the power ab-
sorbed by an object placed in the EMF, given by

 	 	 	 	 	 	 (3)

Formula (3) is true if the tested object is homogeneous. 
Otherwise, a formula that takes into account the quasiho-
mogenous volumes VN in all N areas of different conduc-
tivity is used

			 
 	 	 	 	 	 	 (4)
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Fig. 4. Power absorbed by the same object placed in the same EMF 
within exposure system of different sizes

The results of changes in the power absorption as a func-
tion of the exposure and system’s size are shown in Fig. 5. 
It is worth mentioning that when the plates of TEM line 
are close to the object the power absorbed is 30 times hi-
gher compared to the conditions of free space. Increase in 
the d/h ratio causes the absorbed power to decrease and 
approach asymptotically the value of absorbed power in 
free space, where the presence of metal plates is negligi-
ble. This condition is met for d/h  2. 

 

Fig. 5. The results of calculations of absorbed power by the cylindri-
cal model of a human placed perpendicular to the plates of the walls

The estimations are the most primitive ones, however, they 
show a role of the conducting plates presence upon the ab-
sorption. Apart from the presence of couplings with the 
exposure system (plates) the same effect exists between 
objects (if more than one). Effect increases with frequency 
and complexity of tested object. The phenomenon losses 
it’s importance for d 2h.
Presented results show clearly that not only EMF parame-
ters should be the same when we want to compare results. 
Also dimensions of exposure system play important role. 
When different sizes exposure systems are used than signi-
ficant errors are made (Fig. 6). 

	 	 	 	 	               b)
  		   

Fig. 2. TEM line: a) real exposure system b) simplified model

a) model no. I                                      b) model no. II
 

c) model no. III                                      d) model no. IV

 

e) model no. V                                      f) model no. VI

 

Fig. 3. TEM cell with tested object in function of distance between 
plates: a) d/h=1,0, b) d/h=1,2, c) d/h=1,4, d) d/h=1,6, e) d/h-1,8, f) d/

h=2,0

In each case electric field inside E was the same 1 V/m. 
Inside those exposure systems an tested object was pla-
ced. It was simplified cylindrical heterogeneous model of 
a human. Its electrical parameters equal   = 80, = 0.84 
S/m.

Results

Results of calculations are shown in Fig. 4. It may be no-
ticed that the size of the exposure system has a significant 
impact on the quantity of absorbed energy. The same te-
sted object placed in the same EMF’s conditions absorbed 
different portion of energy in each of exposure system.
 



16

T. Długosz 	 	 	 	 	 	 	          HOW TO NOT COMPARE RESULTS ...
Exposure to Electromagnetic Fields”, Bioelectromagne-
tics, Vol. 36, Issue 6, 2015, pp. 480-484.
[7] Boriraksantikul, N., Bhattacharyya K. D., Whiteside, 
P.J.D., O’Brien, C., Kirawanich, P., Viator, J.A., Islam, 
N.E., “Case Study of High Blood Glucose Concentration 
Effects of 850 MHz Electromagnetic Fields Using Gtem 
Cell”, Progress In Electromagnetics Research B, Vol. 50, 
2012, pp. 55-44.
[8] Dlugosz, T., “Uncertainity Analysis of selected Sour-
ces of Errors in Bioelectromagnetic Investigations”, Bio-
Medical Materials and Engineering 1, 2014, pp. 609-617.
[9] Dlugosz, T., Trzaska, H., Mutual interactions in bio-
electromagnetics, The Environmentalist 4, 2007, pp. 403-
409.
[10] Crawford, M., L., “Generation of Standard EM Field 
Using TEM Transmission Cell”, IEEE Transactions on 
Electromagnetic Compatibility, Vol. EMC-16, Issue 4, 
1974, pp. 189-195.
[11] Dlugosz, T., Trzaska, H., “Proximity Effects in the 
Near-field EMF Metrology”, IEEE Transaction on Instru-
mentation and Measurement, Vol. 57, Issue 11, 2008, pp. 
626-630.
[12] Huebner, K.,H., Thornton, E., A., “The Finite Element 
Method for Engineers”, John Wiley and Sons, 1982.
[13] Taflove, A., “Computational Electrodynamics: The 
Finite-Difference Time-Domain Method”, Artech House 
Antennas and Propagation Library, 1996.
[14] Buchachenko, A., “Why Magnetic and Electroma-
gnetic Effects in Biology Are Irreproducable and Contra-
dictory?”, Bioelectromagnetics, Vol. 37, Issue 1, 2016, pp. 
1-13. 

Fig. 6. Accuracy estimations of bioelectromagnetic experiment versus 
size of exposure system

Conclusion

A lot of studies is currently devoted to biological effects as 
a result of EMF exposure but very often they are irrepro-
ducible and contradictory. One of the reasons may be not 
taking into account uncertainty of such experiments. The-
re are a lot of sources of errors in that kind studies. One of 
them is influence of exposure system on tested object what 
was presented in this paper.
It is important, to all of us, to start cooperation between 
biologists, physicians and engineers, because sources of 
errors in such experiemnts are twofold: technical [8] and 
biological [14].
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