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INTERACTIONS OF ELECTRICAL AND MAGNETIC FIELDS

WITH THE ORGANIC SUBSTANCE

The electrical signals have important effects on the biological processes and in the transfer of the information produced in the organisms of the living beings. The electromagnetic fields inside the biological materials modify the mobility conditions of the present ionic and polar kinds and they change the conditions of equilibrium of the chemical bonds. Here we are interested to the biological effects of low intensity electromagnetic fields but having a wide frequency spectrum, including very low frequencies too.

The biological systems are composed of subsystems showing an elevated complexity which can be analysed according to different criterions. A possible arrangement according to the increasing complexity of the analysis about the electromagnetic interaction on the bio-systems considers the following three levels.

As the first level it is considered the effect of the electrical fields on the biological fluids. Such fluids contain a big number of components; among them, polar molecules like water, proteins, lipids, hormones, colloidal particles. The current flow in such fluids is given by the total of the drift currents and of the diffusion currents for each component. At low current densities the system is linear, but at moderate or high densities non linear effects are noticed.

The following level of complexity is the interaction with the cellular membranes, that behave as porous solid to orthogonal fields and as viscous liquids for fields operating on the plane of the membrane. The membranes are not homogeneous and different portions of them can be altered in different way by the perturbation fields. The membranes are besides center of active chemical reactions that modifies selectively their porosity according to their different ionic kinds, so that the conductivity of the membrane can show changes different orders of magnitude because of the electrical perturbations.

The third level of complexity refers to the interaction between biological fluids and membranes in presence of electrical fields. The fields modify selectively the transport of ions or molecules through the cellular membranes. This modifies the performances of the cell and therefore of the organ the cell being part. For example, electrical fields applied to the myocardium tissues modify the frequency of the discharge and therefore of the pulsation and of the cardiac range.

EFFECTS  OF  THE  ELECTROMAGNETIC  FIELDS

Real meaning, the electromagnetic waves are radiated effectively or  captured only from structure whose dimensions are comparable with the ( wave length of the radiation.

Small structures, which characteristic dimension L<< ( have low efficiency in picking up radiant electromagnetic energy, but the static fields and those low frequency can transmit energy to a living organism according to mechanisms having a quantitative description quite different as the transmission of radiant electromagnetic energy.

Nearby the device producing the field, the relative quantities E and H depend on the configurations 
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of currents or charges and on the distance from the generating systems. It can happen that E field is 

very higher than H or vice versa; on the contrary for the proper electromagnetic radiation the ratio 

between E and H is 377 in the free space, when E is measured by Volt for meter and H by Ampere for meter.

Nearby the largest amount of the devices producing continuous electric charges or direct or low frequency currents (<1000 Hz), only in exceptional circumstances the fields E and H are enough intense, they  produce heating effects inside living organisms (if the living organism is not part of a circuit that allows the direct entrance of current through cables or conductors connecting it to the generator). At any way non-thermal effects are possible: a wide enough electrical field can direct dipoles or produce ions moving or polarise and then transfer neutral particles.

Higher frequencies can produce heating effects easily, but for the goals of this study the possible effects on the molecular chemical bonds will be considered rather as remarkable.

At any case the static or low frequency electrical fields (ELF) inside an organism are necessarily many orders of magnitude smaller than the fields being applied from the outside, even if the small dimensions of the cellular little organs (a cellular membrane is  about 100 Anstrongs thick) can origin electrical field gradients great even in presence of real small fields.

The penetration of electrical fields into the tissues is regulated outside and inside by conductivity ( and by their respective dielectric constant (.

Sharing the electrical field components as parallel E( and normal E( to the surface of separation, the contour conditions valid for the equations of Maxwell fix the equality of the components of electrical field parallel to the surface of the two means and, for the orthogonal components, the equality in the two means of the products (E(, conductivity ( multiplied for the orthogonal component of electrical field, as the consequence of the charge maintenance for static fields.

In consequence of the conductivity of the living material (( = 10-1  S/m, while on the contrary in the air is ( = 10-13 S/m), in the electrical field inside the tissue is always strongly predominant only the component orthogonal to the surface of separation with the outside.

With reference to the supposed parameters there is for static E fields a ratio between the inside and outside values about 10-12, that becomes about 10-8 at the frequency of 50 Hz.

On the contrary the static or low frequency magnetic fields inside the tissue  are almost equal as the outside fields, since the electrical permeability µ of the largest part of biological materials shows values close to the one of the free space (µ0= 4( 10-7 H/m). 

The mechanisms of interaction of magnetic fields with the living substance are therefore:

· The orientation of ferromagnetic particles (including those eventually synthesised biologically);

· The orientation of molecules or anisotropic diamagnetic or paramagnetic cellular elements;

· The generation of potential differences as the result of the Hall effect on moving current of ions. Documented results of such mechanism are particular signals (spikes) in the electrocardiograms of  vertebrates submitted to strong magnetic fields.
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· Changes in the intermediary chemical products or in the structure of the reaction, due to the splitting of the molecular energetic levels for the Zeeman effect. The densities of magnetic flow necessary to notice such effects can be intense up to 2,000 Gauss, but they can be lower than 100 Gauss too.   

Slowly changeable magnetic fields can interact with the same mechanisms, but more they are able to induce electrical currents in objects conductors being in quiet. Electrical fields E 

physiologically meaningful can be then produced through mechanisms of magnetic induction from devices producing changeable fields H. The magnetic field E produced on a circular run having ray r from the magnetic flow B changeable with frequency f = (/(2() has the value E = 1/2 (Br.

The induced current in such circuit has the value J = (E, where ( is by Siemens/metro, B by Tesla (1T = 104G) and r by meters.

When r = 0.1 m, f = 60 Hz, ( = 0.1 S/m, we have E = 18.85B and J = 1.885B.

To get a current density of 1 ma/m2 we need 0.53 mT, that means about 5 Gauss.

The electric field E induced by that density of magnetic flow is 10 mV/m.

The linearity of such effect with the frequency falls by high frequencies because of the "moving current" D, which limits the penetration of the external fields with effects of reflections and losses and of limitation to the penetration thickness (skin effect). For typical biological materials as the muscular tissues, the skin effect becomes sensitive for the greatest vertebrates and for the man at frequencies >10 MHz. For frequencies >100 MHz the distance of penetration of the electric effects of changeable H fields is <5 cm.

When impulsive H fields are used for therapeutic purpose, can be important the evaluation of arising or decreasing times for the values of H inside the biological tissue.
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The ‘EAGLE’ device, manufactured by BOTOM.

The device generates a wide range of electromagnetic waves, spanning the period range between 6 milliseconds and 2 seconds, combined to produce a periodically repeating complex wave structure. Once activated, the device automatically shuts off after 30 seconds.

The intensity of the magnetic field generated by the device is comparable with that of the Earth’s. Therefore, even on the surface of the device, the field is within the threshold limit values set by the current regulations for commercial products; at a distance over 30 centimeters, the magnetic field decays to negligible values, so that it will not affect anybody other than the person using the device.

The device promotes a feeling of personal well-being related to mechanisms of interaction between the magnetic field and the cellular structure, particularly the interstitial fluids, the biological membranes and the physiological cellular metabolism. The emitted electromagnetic radiation causes delicate perturbations to the magnetic field, which modulate the thermodynamic kinetics of the chemical equilibriums for the weak molecular interactions and Van der Waals forces.

The different frequencies present in the spectrum, and in particular the lower ones (0.5 Hz), are active in the interaction with the characteristic vibration frequencies of the cellular structures and redistribute the peaks of available free energy towards higher energies. This allows the cellular metabolism to approach the natural physiological equilibrium at a faster rate.

The intermediate frequencies operate by increasing the mobility of the ionic and polar species in the interstitial fluid, thus reducing the energy required by the membrane molecular pumps.

The higher frequencies increase the energy fraction of the thermodynamic distribution, thus globally accelerating the achievement of the physiological chemical equilibriums and the operation of the cellular metabolic exchanges.

The overall personal feeling of well-being is comparable with that produced by the mild solar radiation in the Fall. It is also related to the rituality of use of the device and the psychological polarization towards the EAGLE device, defined, identified, but well interacting with the patient, which induces him (her) to a better self-consciousness and awareness of his (her) body and of the need to seek an equilibrium and a cosmic peace in which to feel inserted.
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