
 

 

  
Abstract—The possibility of intrinsic electromagnetic fields 

within living cells and their resonant self-interaction and interaction 
with ambient electromagnetic fields is suggested on the basis of a 
theoretical and experimental study. It is reported that intrinsic 
electromagnetic fields are produced in the form of radio-frequency 
and infra-red photons within atoms (which may be coupled or 
uncoupled) in cellular structures, such as the cell cytoskeleton and 
plasma membrane. A model is presented for the interaction of these 
photons among themselves or with atoms under a dipole-dipole 
coupling, induced by single-photon or two-photon processes. This 
resonance is manifested by conspicuous field amplification and it is 
argued that it is possible for these resonant photons to undergo 
tunnelling in the form of evanescent waves to a short range (of a few 
nanometers to micrometres). This effect, suggested as a resonant 
photon tunnelling mechanism in this report, may enable these fields 
to act as intracellular signal communication devices and as bridges 
between macromolecules or cellular structures in the cell 
cytoskeleton, organelles or membrane. A brief overview of an 
experimental technique and a review of some preliminary results are 
presented, in the detection of these fields produced in living cell 
membranes under physiological conditions.  

 
Keywords—bioelectromagnetism, cell membrane, evanescent 
waves, photon tunnelling, resonance 
 

I. INTRODUCTION 
NTRINSIC cellular oscillations, electric currents and local 
field potentials constitute some of the exciting and 

important areas of cellular electrical activity [1], since the 
early work in last century by Lund [2], Loeb [3], Becker [4], 
Pohl [5], Liboff [6] and Burr [7, 8], among others. Some 
reports have cited cellular electric noise in various kinds of 
cultured cells [9, 10]. Frohlich [11] and Pokorny et. al. [12] 
have reported observations of endogenous electromagnetic 
fields from microtubules in cytoskeleton [13]. Aday [14] has 
outlined detailed rationale and mechanisms for interactions of 
low-level external electromagnetic fields with living systems.  

The existence of intrinsic electric currents, cellular 
oscillations and endogenous local field potentials originated in 
living cells and their effects on cell physiology and pathology 
are all physical phenomena observed with living organisms.  
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A suggestion is made here that living cells give rise to 
intrinsic electromagnetic fields and these fields can interact 
with neighbouring atoms under physiological conditions (i.e. 
in favourable temperature-pressure conditions and under 
aerobic respiration).  

This rationale and the proposed model is built upon the 
possibilities of resonance induced between single-photons and 
uncoupled atoms [15] or induced among two-photon 
processes and coupled atoms [16], using techniques in 
quantum mechanics. 

Studies have reported non-thermal channel noise [17], in 
the range of a few GHz  owing to processes taking place at a 
very high cyclic frequency, such as changes in conformational 
states of cellular proteins or rotations of ATP synthase in the 
mitochondrial outer membrane.  

II.  A THEORETICAL MODEL 
Ignoring the negligible magnetic field component of the 

electromagnetic field, the electric field, E, is taken as as: 
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Under this, the n-photon absorption, by an ensemble of n-

atoms under a (d-d)n interaction-induced resonance shall take 
place at the summed frequency; 
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Under a simple harmonic oscillator model, the total energy of 
the photons interacting with the ensemble of atoms within the 
macromolecules is given by; 
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The model is illustrated with the help of Figure 1A and 1B. 
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Fig. 1 Interaction of the E1 and H1 field vectors in the intrinsic 
electromagnetic field within plasma membrane. Figure 1B: Resonant 
absorption of an incident photon with frequency νγ induces the atom 
with a normal mode ν1 (equal to νγ) to undergo transition to a higher 

(excited state) energy level 
 
The collective Hamiltonian Ή [18] for the ensemble of n n-

level atoms interacting with an ambient field of frequency νγ 
is then defined as; 
 

int0` HHHH dd ++= −  

 
Which gives the total Hamiltonian for the field and atom 
system in a form; 
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Which is to a careful approximation, the total energy 
contained in the photon-atom system within an ensemble of 
atoms in a living cell macromolecule. 

An important and pertinent effect possible here as a result 
of the resonance among the fields is the quantum mechanical 
resonant tunnelling (QMR) [18] of photons. Although 
resonant tunnelling of matter waves (such as electrons) is a 
well-established quantum mechanical effect, whereby particles 
can surmount potential barriers under resonant tunnelling (if 
there is a non-vanishing quantum mechanical probability for 

this to occur), this mechanism has also been cited for photons 
as well, in the form of evanescent waves. Photons can be 
transmitted through barriers under this effect when the 
dimensions of barriers are smaller than the photon 
wavelengths. The radiative transfer by means of photon 
tunnelling can result in both information and energy transfer 
(both of which can be important in cell biophysics and 
neuroscience). 

Figure 2 depicts a cartoon of the proposed Tunnelling 
Photon Resonance (TPR) effect taking place in the atoms 
within the plasma membrane bilayer on interaction with 
external electromagnetic fields. 
 

 
Fig. 2 A cartoon of the Tunnelling Photon Resonance (TPR) effect 

suggested here, whereby an incident photon (RF or IR) may get 
scattered from the atoms in the plasma membrane phospholipid 
bilayer, however by the virtue of a non-vanishing probability of 

quantum mechanical resonant tunnelling, it can traverse the bilayer 
structure (within the fraction of a micron) and interact with the 

structures in the cytoplasm within the interior of the cell 
 

III. AN EXPERIMENTAL STUDY 
 The experiments reported here were based on a wild-type 

yeast (Saccharomyces cerevisiae) cell model.  Yeast was used 
in an autoclaved YPD (1% yeast extract, 2% peptone, and 2% 
dextrose) medium. Inocula were grown at 290C with agitation 
(160 rpm) in YPD broth up to 3.3 mg d.w./ml. Detailed 
materials and methods of growing,  preparation and study of 
the cells can be found in an earlier study [17]. All experiments 
were carried out at room temperature, which was maintained 
at 20.5oC.  

A specialized low-current low-noise preamplifier was 
developed for this study, the details of which  are documented 
earlier [19]. Amplifier was operated on batteries to optimize 
isolation from mains noise and eliminate any possible effects 
of mains power or electromagnetic interference (EMI) on 
cellular signals. A HP spectrum analyzer 8525B (Hewlett-
Packard) was employed as analysis workstation for the 
purpose of amplifier testing as well as recording of intrinsic 
cellular response. Signals were obtained from cells using a 
microelectrode made of 99.99% pure gold wire. The input 
sensing probe wire was kept very short (<3 cm) and pre-
amplifier was mounted on the probe to minimize signal pick-
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up from surroundings of the sample holder (details of the 
experiment are reported in an earlier study [17] where a 
similar experiment was carried out). In the second phase of 
the study, a cell bioreactor was used with an array of 
microelectrode antennae mounted in a cell suspension 
chamber in aerobic conditions. An overview of the setup is 
illustrated in Figure 3.  
 
 

 
 
Fig.  3 An overview of an experimental bioreactor in which aerobic 

and active yeast cells were suspended 
 

IV. RESULTS 
The study led to some encouraging results, although 

preliminary. 
Figure 4 illustrates a summary plot taken from the 

experiments carried out with respiring aerobic cells of 
Saccharomyces cerevisiae in physiological conditions. 

Intrinsic electromagnetic activity from the cells studied is 
noted in the Low-Frequency (LF) region of the 
electromagnetic spectrum. There are a number of significant 
peaks seen around 110Hz, 300Hz, 600Hz and 1150Hz. 

Therefore, it is concluded that actively respiring aerobic 
cells in the best state of metabolism do possess intrinsic 
electromagnetic fields in the LF region. Their detection 
beyond the cells (stretching to a distance of a fraction of 
millimetres between the cells and probe) illustrates that it may 
be from resonant tunnelling photons. 

 
Fig.  4 A summary plot (log-linear) of intrinsic electrical field 
coupling and amplification seen from cultured yeast cells after 

recordings from numerous viable cell batches under aerobic 
conditions. Cellular response is seen in the region spanning 

frequencies from 110Hz to 1500Hz, with a number of significant 
peaks conspicuously identified beyond the noise level 

 

V. DISCUSSION 
McLeod et al. have suggested a mechanism for interactions 

of ELF fields with living tissue [20]. They proposed that cell-
field interactions may take place through the action of electric 
polarization forces, developing at the cell surface. Moreover, 
these ELF field interactions with cells and tissues are 
identified at intensities far below the 1 mV/cm limit, implying 
that the interaction mechanisms do not depend on the trans-
membrane potentials. They have further cited a possibility that 
intrinsic electrical resonances may exist within cells, and may 
lead to a linear form of the interaction, with the field-cell 
interaction to be strongly frequency dependent. In the same 
study,  the cells and tissues were reported to demonstrate 
increased sensitivity to external fields in the 10-100Hz 
frequency range. Finally, the degree of cellular response to 
driving electric fields had correlations with the cell size and 
shape. 

This study may have possible implications on higher 
processes in brain, such as cognitive science, consciousness 
and learning, where the RF communications may serve pivotal 
communicative roles and in forming bridges between 
disparate or disconnected neurons and neuronal nuclei. 

The intrinsic electromagnetic fields and their resonant 
interactions may possibly have some correlations with 
pathology, as various pathological conditions imposed on cells 
or experienced by them significantly affect overall cellular 
activity, processes and metabolism. For instance, since, the 
neoplastic cells (i.e. malignant cancer cells) have higher and 
more vigorous metabolism, as demonstrated by higher 
consumption of energy, in principle, they may give rise to 
fields with slightly higher frequencies. A study may be 
undertaken to assess this reasoning, as it may have profound 
implications on diagnostics. Efficient and low-cost biosensing 
assays may be developed exploiting this rationale which may 
probe the intrinsic fields produced in the isolated cells from a 
sample of patient’s tissue. 
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This report presents a few preliminary but important 
suggestions which warrant further investigation, which if 
undertaken, could advance our knowledge on the fundamental 
processes in cell physiology and pathology.  
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