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Abstract
In the present work the results of the known investigation of the influence of combined static
(40 μT) and alternating (amplitude of 40 nT) parallel magnetic fields on the current through
the aqueous solution of glutamic acid, were successfully replicated. Fourteen experiments
were carried out by the application of the combined magnetic fields to the solution placed into
a Plexiglas reaction vessel at application of static voltage to golden electrodes placed into the
solution. Six experiments were carried out by the application of the combined magnetic fields
to the solution placed in a Plexiglas reaction vessel, without electrodes, within an electric
field, generated by means of a capacitor at the voltage of 27 mV. The frequency of the
alternating field was scanned within the bounds of 1.0 Hz including the cyclotron frequency
corresponding to a glutamic acid ion and to the applied static magnetic field. In this study the
prominent peaks with half-width of ~0.5 Hz and with different heights (till 80 nA) were
registered at the alternating magnetic field frequency equal to the cyclotron frequency (4.2
Hz). The general reproducibility of the investigated effects was 70% among the all solutions
studied by us and they arose usually after 40–60 min. after preparation of the solution. In
some made-up solutions the appearance of instability in the registered current was noted in
30–45 min after the solution preparation. This instability endured for 20–40 min. At the end
of such instability period the effects of combined fields action appeared practically every
time. The possible mechanisms of revealed effects were discussed on the basis of modern
quantum electrodynamics.

Background
The middle of the eighties was marked with the discovery by Blackman [1,2] of a surprising
phenomenon: a low frequency alternating (AC) magnetic field (MF) changed free calcium
concentration in nervous tissue only in the presence of a simultaneously acting static (DC)
MF. The most prominent effect was observed at the AC field frequency close to the cyclotron
frequency of a calcium ion. The cyclotron frequency is defined [2] as

where q and m are the charge and mass of the ion, and Bo is the DC field. These works opened
a new line of research in Bioelectromagnetics.
There were three unexpected qualities in this phenomenon: 1) the necessity of simultaneous
action of DC and AC MFs, 2) the resonance effect on cyclotron frequency, and 3) very small
values of acting MFs, measured with tens of μT, and extremely low frequencies of AC MFs,
measured with several tens of Hz. Therefore, these results evoked a suspicion in the scientific
community [3]. Afterwards, many confirmations for these data were obtained in works
performed on different objects and in different experimental situations [4,5,5,7-13] which
captured the interest of the scientific community about the existence of the above effects.
In the middle of the nineties a series of experiments were made, on aqueous solutions of
amino acids. At the cyclotron frequencies measured by several Hz, which corresponded to the
investigated amino acid ions, and at superweak AC MFs measured by tens of nT, the shortterm increase in the current caused by application of the voltage to the investigated solution
was revealed. These results were published in Russian journal "Biophysics" [14]. Afterwards
the experiment and results described in the above article were successfully replicated in Italy
[14,15] and in Germany [16]. These works confirmed the existence of the above effects of
combined MFs, but the reproducibility of these experimental phenomena (~20%) was
noticeably lower than ones in the original work. The present investigation was undertaken
with the purposes of examining both the reproducibility and explaining the experimental
effects of the action of combined magnetic field effect on aqueous solutions of glutamic acid.

Methods
1. Glutamic acid solutions in the electrolytic cell
The experimental installation for investigation of MFs action on ionic conductance in
glutamic acid solution in the electrolytic cell was made by means of a coil generating parallel
DC and AC MFs inside itself, of the plexiglass cubic cell (8.0 ml in volume), in which the
aqueous solution of glutamic acid was poured for investigation.
The coil axis was located horizontally. The cell was placed in the central part of the coil.
Inside the cell two parallel plain squared golden electrodes of 20 mm2 were placed, being

sunken into the investigated solution. The distance between the two electrodes was 10 mm.
The axis between centers of these electrodes was situated horizontally, being perpendicular to
the coil axis. The potential difference between these two electrodes was 80.0 mV and was
created by the accumulator. The current through the solution was about several nA. After
appropriate amplification the current entered the measuring instrument was registered by the
computer. Another accumulator also provided direct current through the coil for creating DC
MF in the space inside this coil. The computer generated AC current through the digital-toanalog converter for the coil, creating AC MF with proper frequency. The coil with the cell
was located in the special large Permalloy heat-insulated chamber shielding them from the
influence of external MFs with a coefficient of shielding about 200 (Fig. 1). The computer
and accumulator as well as the experimenters themselves were located outside the chamber
during the experiment. The cell was heat controlled by means of forced circulating water,
power outside of the chamber. The general views of the experimental installation inside and
outside the chamber are shown in Fig. 1a and Fig. 1b respectively.

Figure 1
Exposure Systems. A – Solenoid in the magnetic shielded room, B – Power Supply and Remote Control consol,
C – Reaction vessel with external electrodes, D – Reaction vessel with internal electrodes.

The glutamic acid solution (Sigma, USA; 0.38 mg/ml) was prepared in distilled water; the pH
was adjusted to 2.89 by adding dilute hydrochloric acid solution at a temperature of 22°C.
The experiment started right away after the solution was prepared. The DC MF along the coil
axis was equal to 40.0 μT and the amplitude of AC MF was equal to 40.0 nT. The cyclotron
frequency was equal to 4.2 Hz according to the charge-to-mass of glutamic acid ion and to DC
MF used. The experiment process was computer controlled by a software performed scanning
at the AC MF frequency in the range between 3 and 5 Hz including the cyclotron frequency of
glutamic acid. The real duration of each AC frequency step exposure during scanning was 1,5
s that provided sufficient time for development of resonance. The total number of AC
frequencies steps during one scanning was 200 steps each one of 0.01 Hz. The curve
representing the dependence of current through the solution in relation to the frequency of
exposed AC MF, was shown on the computer screen for each scanning.
2. Glutamic acid solutions in plexiglass reaction vessel
For investigation of MFs action on ionic conductance in glutamic acid solution in plexiglass
reaction vessel, with electrodes not sunken in the solution, but placed each one at the distance
of 13.5 mm, in a fashion to form a condenser at the voltage of 27 mV providing a DC electric
field of 20 V/m, the same procedure was followed. The reaction vessel, built with the same
dimensions of the electrolytic cell, was heat controlled as above and the arising current, at the
cyclotron frequency, was detected by means of a coil (2.300 turns of 0.2 mm thick copper
wires) surrounding the vessel. The induced signal in the coil was 10,000 times amplified.

Experimental results
1. Glutamic acid solution in the electrolytic cell
At the above described experimental conditions the usual form of the resonance peak
represented the asymmetric resonance curve with the maximum close to the cyclotron
frequency of AC MF (~4.2 Hz). These usual peaks had the rise half-width on the left of about
0.15 Hz and the slope half-width on the right of about 0.35 Hz, and the height of about 35 nA
over the background current (Fig. 2).

Figure 2
The usual resonance curve. Cell with gold electrodes and polarization 80 mV, Temperature : 22°C, L- glutamic
acid 38 mg/ml, pH 2.89, B: 40 μT, Bo : 40 nT, Sweep time: 100 sec, Total data current recorded :100 sec, Initial
current: – (more ...)

Only in one case erratic peaks located outside immediate proximity to the cyclotron frequency
arose at the exposition of the above combined DC and AC MFs. Right away after preparation
of the solution there was not any expected effects during the scanning. The peaks arose in 40–
60 min after preparation of the solution. As a rule, the once appeared effect could be repeated
in the following scanning of AC MF frequency. The effects ceased to arise in about 60 min
after its first arising, but sometimes it could be restored again after washout of electrode
surfaces. As a whole, the average probability of effect arising was about 40% of performed
scanning of different solutions.
In about 30% of the investigated solutions we observed the following rather unexpected
phenomena. Approximately in 30–45 min after preparation of the new solution and beginning
the experiment, the current through the solution spontaneously became to be unstable and
revealed slow changes of several tens of nA (Fig. 3).

Figure 3
The instability of the current through the solution. Cell with gold washed electrodes and polarization 80 mV
(washed with sulfonitric solution). Temperature : 22°C, L-glutamic acid, saturated solution with crystals on the
bottom: pH 2.89. B: 40 (more ...)

Such sort of instability endured for about 20–40 min. If in about 15–25 min after its arising
the above MFs were exposed and the scanning was switched on, the effect of this exposition
arose nearly always – with probability of about 90%. Sometimes the effect arose in unusual
form – in the form of quick change of the current value (Fig. 4).

Figure 4
The incomplete negative resonance curve. Cell with gold electrodes and polarization 80 mV, Temperature :
22°C. L- glutamic acid, saturated solution with crystals on the bottom: pH 2.89, B: 40 μT, Bo : 40 nT. Sweep time:
200 sec, Total (more ...)

Thus, on the background of such sort of instability the effects of combined MFs arose always
in either one or another above described form.
2. Glutamic acid solution in plexiglass reaction vessel
In order to elucidate, whether the investigated phenomena are connected with the processes
taking place in immediate proximity to the electrodes surfaces, as was supposed by Comisso
et al. [16], we performed the following series of experiments. The electrodes were carried out
of the cell and were pressed to the external surfaces of the cell walls. In this case, they only
created the static electric field (20 V/m) inside the cell without closed electric circuit between
the electrodes. Registration of electric phenomena inside the cell was made with the special
coil detector located outside the cell, embracing it. It had 2300 turns and inductance of 158,6
mH. Exposition of DC and AC MFs caused the asymmetric peak with maximum at the
cyclotron frequency of the glutamic acid ion (Fig. 5). The peak was shorter than the usual
resonance peak in the experiments with electrodes inside the cell, and the asymmetry of the
peak was more prominent. The reproducibility of the effect was slightly less then in the case
of the electrolytic cell (67% instead of 73%).

Figure 5
The resonance curve in the experiment with electrodes outside the cell. Cell with external electrodes and
polarization 80 mV, Temperature : 22°C, L- glutamic acid 38 mg/ml, pH 2.89. B: 40 μT, Bo : 40 nT, Sweep time:
100 sec, Total data (more ...)

Discussion
The outcome of our present investigation confirmed the results of the original work [17] and
of further works [18,16] devoted to replication of the original experiments: the height and
half-width of the resonance peak of the current through the glutamic acid solution at the
cyclotron frequency of AC MF were comparable with those in the above works. The total
reproducibility of the expected effects in the present work (70%) was much higher then those
(~20%) reported in these works [18,16]. Most likely it was due to longer duration of AC MF
exposition applied in our work in every point of AC MF frequency as well as to the accuracy

of the exposures provided in our facility in Rome, equipped with a patent pending exposure
system, developed by Italian CNR and ISPESL institutions.
We were able to reveal a new effect. About 30% of made-up solutions in 30–45 min after
their preparation manifested explicit (several tens of nA) temporary (about 20–40 min of
duration) instability of the current through them (Fig. 3). If in the end of the period of such
instability we started up the AC MF frequency scanning, the expected resonance effects arose
every time: whether in the above described asymmetric resonance curve (70% of cases) or in
the form of incomplete resonance curve as increase or decrease of the current (Fig. 4) at the
vicinity of the cyclotron frequency of glutamic acid ion. So, at such instability in the effects of
combined MFs at the cyclotron frequency arose always in either, one or another form. This
instability of the current through the solution could be reliable sign of readiness of the
solution for revealing the resonance effect on the action of combined DC and AC MFs. Below
we'll return to interpretation of this phenomenon.
Earlier there were attempts to understand the physical mechanisms of resonance action of
combined MFs. A. Liboff [2,19], considering the motion of free ions under action of these
MFs, supposed a mechanism similar to the one working in a living system like in a cyclotron.
But this idea could be realized only in very large systems capable to include the long radius of
ion rotation measured by meters. The idea [20,12]of participation of parametric resonance in
such sort of effects was not very fruitful for still unknown necessary low frequency harmonic
oscillator in living systems. The Larmor precession could not help in this situation, not being
such an oscillator because of lack of restoring force with proper parameters. Moreover, both
of the above theories required a fine vacuum within the bounds of ion motion. The theory
[17,21] of combined action of DC and AC MFs on thermal motion of bound ions showed that
the wide diversity of biological effects of such MFs would be only possible, if the damping
coefficient of oscillation within a microvolume around the ions had been no more than the
circular cyclotron frequencies of exposed ions. Really, in experiments with combined MFs [4]
it was revealed that the half-width of resonance peaks was comparable with the circular
cyclotron frequency of AC MF, or less than this frequency. In the present work the half-width
of the resonance peak obtained by us was also less than the circular cyclotron frequency of
AC MF applied. It could be considered as a good confirmation of the above theory, if such
estimation of damping coefficient had corresponded to viscosity and damping processes in
aqueous solutions. But unfortunately, it turned out to be essentially less than the estimations
made on the basis of Physics of Continuous Media [22] that provoked distrust of some
scientists concerning weak MFs biological effects. Of course, it would be possible to contest
the competence of such estimations and to prove inapplicability of ideas and formulas of
Mechanics of Continuous Media to the processes within a microvolume comprising a small
number of molecules where the notion of "viscosity" itself loses its meaning. But it would
lead to long unsuccessful debate. The situation with physical foundation of
Bioelectromagnetics of weak MFs was rather difficult. Decision of this problem had come
from Quantum Electrodynamics of Condensed Matter. For the last 15 years the physical ideas
on water structure and on aqueous solutions have radically changed themselves under the
influence of works by Italian outstanding physicist Giuliano Preparata.

According to Quantum Electro-Dynamical Theory by G.Preparata [23], the liquid water
consists of two components: coherent and incoherent ones. The coherent component is
contained within spherical so called "coherence domains" (CDs) where all molecules
synchronously oscillate with the same phase. CDs are surrounded by the incoherent
component where molecules oscillate with casual phases regarding each other. Diameters of
CDs are measured by tenths of a micron, and at room temperature the total volume of
domains is about 40% of the whole water media. The stability of these domains is great
because the bond energy of water molecules within them is much more than the thermal noise
energy. Within CDs the viscosity and oscillation damping of coherent water essentially differ
from ones of incoherent water.
Del Giudice et al. [15] considered the motion of a glutamic acid ion inside CD under the
influence of combined DC and AC MFs at the cyclotron frequency of this ion. They found
that in spite of a huge radius of the orbit on which this ion would rotate if it have performed
the free motion under the influence of MFs at room temperature, within CD it really has to
move along the spherical border of CD, performing the internal reflectance without any
friction and energy loss. At resonance action of the cyclotron frequency the ion is accelerated
by the MFs, increasing its kinetic energy till its escape from CD. The glutamic acid ions
leaving CDs cause the peak of the current through the solution.
In a recent work Zhadin and Giuliani [24]theoretically revealed the mechanism of capture of
glutamic acid ions by CDs, the mechanism of formation of "mixed CDs" in which glutamic
acid ions become to participate in the coherent oscillations on an equal rights with water
molecules, and the cyclic mechanism of successive changing of different ionic forms of
glutamic acid molecules. At pH~3 in aqueous solution the glutamic acid ions exist in the form
of so called "zwitterions" – long dipole ions with the total charge equal to zero. Due to its big
length the zwitterions have big dipole moments. After preparation of the solution the
zwitterions gradually form many wide clusters in the solution. Simultaneously the formation
of water CDs all over the solution is developing. In the places of zwitterion cluster location,
the water CDs inevitably capture numerous groups of glutamic acid molecules in the
zwitterion form. This process is promoted by similarity between some parts of spectra of
water molecules and glutamic acid ones, that allows to enter glutamic acid molecules into the
process of forming CDs where they could participate in coherent oscillations pari passu with
water molecules and have the same high bond energy within CD. The authors of the above
work named such sort of CDs as "mixed CDs". It is necessary to mark that by no means all
amino acids and all other substances are able to form mixed CDs. It depends on the spectral
mutual compatibility between this substance molecules and water molecules, as well as on
physicochemical features of the aqueous solution.
Due to the high bond energy which is much more than the energy of hydrogen bonds, the
hydration shells of zwitterions dissolve among coherent water molecules within mixed CDs.
(By the way, it explains the problem of long standing: why the cyclotron frequency definition
takes into account of ion mass without its heavy hydration shell and only such cyclotron
frequency is effective in the experiments). The energy of coherent oscillations close to the

energy of ionization of glutamic acid molecule transforms zwitterions into usual ions of
glutamic acid that further increases its kinetic energy in accordance with the mechanism of
Del Giudice et al. [15] under the influence of combined DC and AC MFs and leads to its final
escape from mixed CDs into the surrounding incoherent water, when forming the resonance
peak of current through the solution. Turned out to be again in the media with pH~3, the usual
ions of glutamic acid move to zwitterion form and whereupon the solution comes to the initial
state.
This pattern puts some idea into the mind that electric instability in the solution after its
preparation is connected with the processes of formation of zwitterion clusters and mixed CDs
in the solution. It also makes understandable, why resonance action of combined MFs arises
into particular prominence namely at the end of the period of instability, when the total
number of mixed CDs is maximal. The reasons of not full reproducibility of the effects and
even their total lack at weakly prominent electric instability or its absence become clear up
too.
In Experimental Results section we described various manifestations of MFs effects, different
time periods of their arising after the moments of the solution preparation in different
experiments up to the total absence of any effect in some experiments. It could be connected
with gradual disappearance of mixed CDs in the experimental solution. It is also possible that
all this uncertainty is connected with insufficient stabilization of temperature within solutions
in the course of the experiment. The solutions were prepared at the same temperature and then
poured into the cell within the heat-controlled chamber. However, the temperature of the
investigated solution in the cell could change a little during all the experiment. It is quite
possible that formation of mixed CDs is very sensitive to the solution temperature.
In the work by Comisso et al. [16] there was a suggestion about possible essential role of the
processes developing in immediate proximity to the surface of the electrodes in formation of
resonance effects. In connection with this, we performed a series of experiments with the
electrodes carried out of the cell and pressed to the external surfaces of the cell walls. Using
the special coil detector of the electric state of the solution in these experiments, we obtained
the prominent resonance peaks denoting the formation of resonance peaks of the current
occurring in more or less degree all over the whole volume of the solution. It is in a good
agreement with the above described pattern of the development of MFs resonance effects.
The asymmetry of the resonance peaks obtained in all our experiments is, most likely,
connected with comparatively slow processes in the development of current peaks within the
incoherent component of the water medium and of reestablishment of the initial state of the
solution. If this is the case, then at the back direction of scanning it would be possible to
expect the inversion in the asymmetry of the resonance peak. It could be interesting to verify
it in the further development of these investigations.
Conclusion

A new way to detect the so called Zhadin effects has been successfully attempted: the solution
has been placed in a reaction vessel without electrodes within a condenser at 27 mV, an
equipment more suitable to be applied to samples of biological tissues taking into account
even the weak magnetic field generated by ion currents in the cells.
Our findings replicate previous investigation [17] of the influence of combined static and
alternating parallel magnetic fields on the current through the aqueous solution of glutamic
acid; outlining the relevance of low frequency electro-magnetic field in interacting with
biological target. In addition, our results demonstrate that at combined static and alternating
parallel, magnetic fields matching the ion cyclotron energy resonance of a particular charged
molecule into biological tissue an intrinsic weak magnetic field is generated by ion currents in
the cell.
These results should increase the reliability and the clinical feasibility of the use of
electromagnetic field, tuned at ion cyclotron resonance of charged molecules, as a biophysical
approach to interfere with biological mechanisms.
Competing interests
The author(s) declare that they have no competing interests.
References
1.

Blackman CF, Benane SG, House DE, Joines WT. Effects of ELF (1–120 Hz) and modulated (50 Hz) RF
fields on the efflux of calcium ions from brain tissue in vitro. Bioelectromagnetics. 1985;6:1–11. doi:
10.1002/bem.2250060102. [PubMed]

2.

Liboff, AR. Cyclotron resonance in membrane transport. In: Chiabrera A, Nicolini C, Schwan HP. , editor.
"Interaction between Electromagnetic Fields and Cells,". London: Plenum Press; 1985. pp. 281–296.

3.

Morgan MG, Nair I. Alternative functional relationships between ELF field exposure and possible health
effects: Report on an expert workshop. Bioelectromagnetics. 1992;13:335–350. doi:
10.1002/bem.2250130502. [PubMed]

4.

Liboff, AR.;Smith, SD.; McLeod, BR. Experimental evidence for ion cyclotron resonance mediation of
membrane transport. In: Blank M, Findl E. , editor. "Mechanistic Approaches to Interaction of Electric and
Electromagnetic Fields with Living Systems,". New York: Plenum Press; 1987. pp. 109–132.

5.

Rochev YA, Narimanov AA, Sosunov EA, Kozlov AN, Lednev VV. Effect of weak magnetic field on the
rate of cell proliferation in culture. Studia Biophysica. 1990;2:93–98.

6.

Reese JA, Frazier ME, Morris DL. Evaluation of changes in diatom mobility after exposure to 16-Hz
electromagnetic fields. Bioelectromagnetics. 1991;12:21–25. doi: 10.1002/bem.2250120104. [PubMed]

7.

Lerchi A, Reiter RJ, Howes KA, Nonaka KO, Stokkan KA. Evidence that extremely low frequency Cacyclotron resonance depresses pineal melatonin synthesis in vitro. Neurosci Lett. 1991;124:213–215. doi:
10.1016/0304-3940(91)90096-C. [PubMed]

8.

Persson, BRR.;Lindvall, M.;Malmgren, L.; Salford, LG. Interaction of low-level combined static and
extremely low-frequency magnetic fields with calcium transport in normal and transformed human
lymphocytes and rat thymic cells. In: Norden B, Ramel C. , editor. "Interaction Mechanisms of Low-Level
Electromagnetic Fields and Living Systems,". Oxford: Oxford Univ Press; 1992. pp. 199–209.

9.

Yost MG, Liburdyi RP. Time-varying and static magnetic fields act in combination to alter calcium signal
transduction in the lymphocyte. FEBS Lett. 1992;296:117–122. doi: 10.1016/0014-5793(92)80361-J.
[PubMed]

10. Lovely, RH.;Creim, JA.;Miller, DL.; Anderson, LE. Behavior of rats in a radial arm maze during exposure to
magnetic fields: Evidence for effects of magnesium ion resonance. "15th Annual Meeting BEMS, Abstract
E1–6, Los Angeles, June,". 1993. pp. 13–17.
11. Smith SD, Mcleod BR, Liboff AR. Effects of CR-tuned 60 Hz magnetic fields on sprouting and early growth
of Raphanus-sativus. Bioelectrochem Bioenergetics. 1993;32:67–76. doi: 10.1016/0302-4598(93)80021-L.
12. Blackman CF, Blanchard JP, Benane SG, House DE. Empirical test of an ion parametric resonance model for
magnetic field interactions with PC-12 cells. Bioelectromagnetics. 1994;15:239–260. doi:
10.1002/bem.2250150307. [PubMed]
13. Zhadin MN, Deryugina ON, Pisachenko TM. Influence of combined DC and AC magnetic fields on rat
behavior. Bioelectromagnetics. 1999;20:378–386. doi: 10.1002/(SICI)1521-186X(199909)20:6<378::AIDBEM7>3.0.CO;2-0. [PubMed]
14. Novikov VV, Zhadin MN. Combined action of weak constant and variable low-frequency magnetic fields on
ionic currents in aqueous solutions of amino acid. Biophysics. 1994;39:41–45.
15. Del Giudice E, Fleischmann M, Preparata G, Talpo G. On the "unreasonable" effects of ELF magnetic field
upon a system of ions. Bioelectromagnetics. 2002;23:522–530. doi: 10.1002/bem.10046. [PubMed]
16. Comisso N, Del Giudice E, De Ninno A, Fleischmann M, Giuliani L, Mengoli G, Merlo F, Talpo G.
Dynamics of the ion cyclotron resonance effect on amino acids adsorbed at the interfaces.
Bioelectromagnetics. 2006;27:16–25. doi: 10.1002/bem.20171. [PubMed]
17. Zhadin MN. Combined action of static and alternating magnetic fields on ion motion in a macromolecule:
Theoretical aspects. Bioelectromagnetics. 1998;19:279–292. doi: 10.1002/(SICI)1521186X(1998)19:5<279::AID-BEM2>3.0.CO;2-Z. [PubMed]
18. Pazur A. Characterisation of weak magnetic field effects in an aqueous glutamic acid solution by nonlinear
dielectric spectroscopy and voltammetry. Biomagnetic Res Technol. 2004;2:8. doi: 10.1186/1477-044X-2-8.
19. McLeod, BR.; Liboff, AR. Cyclotron resonance in cell membranes: The theory of the mechanism. In: Blank
M, Findl E. , editor. Mechanistic Approaches to Interactions of Electric and Electromagnetic Fields with
Living Systems. New York: Plenum Press; 1987. pp. 97–108.
20. Lednev VV. Possible mechanism for the influence of weak magnetic fields on biological systems.
Bioelectromagnetics. 1991;12:71–75. doi: 10.1002/bem.2250120202. [PubMed]
21. Zhadin MN, Novikov VV, Barnes FS, Pergola NF. Combined action of static and alternating magnetic fields
on ionic current in aqueous glutamic acid solution. Bioelectromagnetics. 1998;19:41–45. doi:
10.1002/(SICI)1521-186X(1998)19:1<41::AID-BEM4>3.0.CO;2-4. [PubMed]
22. Adair RK. Biophysical limits on athermal effects of RF and microwave radiation. Bioelectromagnetics.
2003;24:39–48. doi: 10.1002/bem.10061. [PubMed]
23. Preparata, G. QED Coherence in Matter. New York: World Scientific; 1995.
24. Zhadin M, Giuliani L. Some problems in modern Bioelectromagnetics. Electromagn Biol Med. 2006;25:227–
243. [PubMed]

