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INTRODUCTION 

We have experimentally shown in molluscan brain single neurones that as the frequency 

of the applied magnetic field (MF), fm, was coincident with the main frequency, f0 of the 

Fourier decomposition of the bioelectric voltage impulse, the neurone firing frequency 

showed a maximum, an effect so called frequency resonance [1]. The exposure of neurones 

to microwaves (MW) of 13.6 GHz amplitude modulated by ELF-MF around 4 and 16 Hz 

have shown that are the ELF-MF the responsible for the elicited responses, demodulation 

effect [2]. The purpose of our research by applying MW modulated by ELF-EMF was to 

separate out the possible effect of the MW from the one induced by modulated ELF-EMF 

within a wide range of frequencies, i.e. 2-100 Hz. Our results could provide data for a health 

risk assessment, in the sense of the arising possibility that ELF-MF modulating RF or MW in 

the range of human EEG could induce frequency-resonant effects on exposed human brain.  

MATERIALS AND METHODS 

Electrophysiology experiments were carried out on Helix aspersa neurones as described 

elsewhere [1].The bioelectric impulses were Fourier spectrum analysed using computer 

standard methods. EMF were applied putting the ganglia within a toroidal cavity with a 

delivered measured power P  6 mW from a generator, through a 50  coaxial cable and 

with a typical peak value of Ho  0.10 Am
-1

 (= 1.25 mOe) (the peak electric field (EF) was E0 

 50 V/m) at the Helix brain position (cavity center).The resonant cavity is made of a 

dielectric ring of 1mm thickness of FR4, metalized on both surfaces, which are in turn short-

circuited in their external edge. The MW field of 13.6 GHz was generated by a home made 

Gunn diode oscillator, which modulates the high frequency voltage by a ELF frequency 

signal voltage between 0-100 Hz. The MW MF is homogeneous within a rectangle of 5 mm 

side about the centre (nervous sample volume  6mm
3
) and within the cavity plane. The MW 

EF is polarized along Oz axis and is also homogeneous within the cavity height. The MW 

signal was extracted using a rectangular waveguide, working in a dominant TE10 mode, 

followed by a coaxial cable, so that the mode becomes TEM, the cable being connected to the 

cavity by BNC gold plated connector. Modulation depth was fixed at 90%. MW frequency 

and generator output power were measured using a MW spectrum analyzer. Typical Poynting 

vector at the cavity center was  1W/m
2
. Homogeneity and MF polarization were checked by 

performing numerical simulations of the EMF in the cavity hole. The measured temperature 

variation was smaller than T  0.01 C. Calculated mean SAR value is 1.25-2.35 W/Kg, 

considering all possible configurations interposed to the MW plus the recording borosilicate 

microelectrode and reference silver microelectrode. 
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 RESULTS 
Main observation is that application of a microwave EMF of carrier, fc=13.6 GHz, 

amplitude modulated (90%) by ELF AC field of frequency, fm= 0-100 Hz shows: no effect 

under the carrier MF alone, but “resonances” at low frequencies (2, 4, 8, 12, 16, 50, 100 Hz) 

(Fig.1 a) similar to the case of ELF application, i.e. also with Lorentzian profiles [1, 2]. The 

effect is a “resonance” of Lorentzian shape, when the MF frequency matches the 

characteristic frequency (-ies) of the neurone impulse Fourier spectrum (Fig.1 b).  
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CONCLUSIONS 

Neurones bioelectric activity is highly sensitive to EMF low frequency, 13.6 GHz carrier 

did not induced any effect: demodulation effect. ELF modulated MW radiation at non-

thermal level of field power density modifies neurones bioelectric activity in a resonant way. 

We have also got resonances at 12, 50 and 100 Hz, values much higher than spontaneous 

Helix neurones frequency and similarly to the effects induced on human volunteers under 400 

MHz modulated at 7, 14 and 21 Hz showing significant increases in alpha (8-13 Hz) and beta 

(13-30 Hz) rhythms [3]. Our conclusion is that the resonances appear when the ELF applied 

MF is close to a characteristic frequency of the impulse Fourier spectrum, not to the firing 

frequency, as formerly reported [1]. These observations suggest common characteristic to 

molluscan and human neurons which could explain the effects observed on human EEG. 

ACKNOWLEDGMENTS 

  Authors are indebted to Spanish Ministry of Defence under Project ERG 101.013 and to the Diputación 

General de Aragón, Spain, under Project B-43. Prof. R. Gómez and his group (Universidad de Granada) are 

acknowledged for the simulation dosimetry.  

REFERENCES 

[1] M. J. Azanza, R. N. P. Bruzón, A. del Moral, J. Magn. Magn. Mat., vol. 310, pp. 2865-2867, 2007. 

[2]  A. del Moral, M.J. Azanza and R.N. Pérez-Bruzon  IEEE Trans. Microwaves, in press, 2009 

[3] Hinrikus H., M. Bachmann, R.Tomson, J.Lass. The Environmentalist 25 187-194, 2005. 

SA SA SA SA SA 2 4 8 12 16 20

0,6

0,8

1,0

1,2

1,4

1,6

1,8

f 
(s

p
ik

e
s
/s

)

f
M
 (Hz)

a)  Neurone V15 

     f0=16 Hz             

b) Neurone V15 

    f0=16.4 Hz             

Fig.1.- a) SA, spontaneous activity. The carrier 

was modulated at 2, 4, 8, 12, 20 Hz. Neurone 

V15 showed a resonance effect at 16 Hz. b) 

Fourier spectrum gives a maximum for 16.4 Hz.  

 


