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Are Virtual Photons the
Elementary Carriers of Consciousness?

Abstract: Based on neurobiological data, modern concepts of self-organization
and a careful rationale, the hypothesis is put forward that the fleeting, highly
ordered patterns of electric and/or magnetic fields, generated by assemblies of
dendritic trees of specialized neuronal networks, should be thought of as the
end-product of chaotic, dynamically governed self-organization. Such patterns
encode for subjective (conscious) experiences such as pain and pleasure, or per-
ceiving colours. Because by quantum mechanical definition virtual photons are
the theoretical constituents of electric and magnetic fields, the former hypothesis
can be re-formulated as follows: it is the highly ordered patterns of virtual pho-
tons that encode for subjective (conscious) experiences. Arguments are then
given that consciousness did not emerge during evolution only after neuronal
networks had been formed able to generate electric and/or magnetic fields of suf-
ficient complexity but, rather, that subjectivity already existed in a very elemen-
tary form as a fundamental property of the omnipresent virtual photons, i.e., of
matter. The contribution of neuronal networks to consciousness was to generate
highly ordered patterns of germs of subjectivity (virtual photons), so allowing
complex subjective (conscious) experiences. Due to the omnipresence of virtual
photons, it follows finally that the whole universe must be imbued with subjectiv-
ity. An experimental strategy is proposed to test the hypothesis.
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I: Introduction

One of the main targets of cognitive neurobiology is to reveal those processes in
the brain that can be denoted as the ultimate material substrate underlying psy-
chic functioning. This raises the question as to which part of the patterned elec-
tro-chemical activity of the twenty billion nerve cells in our cerebral cortex
elicits subjective (conscious) experiences such as pleasure, pain, fear, hearing
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sounds or seeing colors. Or put differently, what is the ultimate material substrate
that most strictly correlates with subjective (conscious) experience and, as Searle
states (Searle 2000), is both causally necessary and sufficient? To answer this
question, I will start by giving my definition of a subjective (conscious) experi-
ence, followed by an analysis of relevant information on neurobiology and phys-
ics. On this basis a working hypothesis will be formulated.

Experimental evidence from electroencephalography (EEG) and modern
scanning techniques, such as positron emission tomography (PET), functional
magnetic resonance imaging (fMRI) and magnetoencephalography (MEG), has
demonstrated the existence of a close correlation between the functioning of
nerve cells in our cerebral cortex, on the one hand, and the corresponding subjec-
tive experiences on the other (Raichle, 1998; Schacter et al., 1998; Frith et al.
1999). An everyday example is dream sleep. Its objective features are, as a result
of underlying neuronal activity, a characteristic EEG pattern accompanied by
rapid-eye-movements, whereas its subjective features are quasi-hallucinatory in
nature. The objective features can be studied in an objective-instrumental way in
a controlled laboratory setting, whereas this is impossible for the subjective fea-
tures. A subjective feature is a private experience which can only be studied in a
subjective-introspective way by the individual him/herself or, indirectly, by
interviewing a volunteer about his or her experience or interpreting his or her
behavior in the light of a tacit assumption that others are like oneself. Put differ-
ently, subjective features have a first-person ontology whereas objective features
have a third-person ontology.

Based on a careful comparison of the various features of objectivity versus
subjectivity (Romijn, 1997), I have taken the view that: (i) subjective experi-
ences are, for the person who has them, just as real as the corresponding objective
properties (e.g. the recorded electro-chemical activities) are for the external
investigator; (ii) subjective experiences and the corresponding objective proper-
ties are two fundamentally different manifestations of one and the same underly-
ing, physically not yet understood, deeper reality; they cannot be reduced to each
other nor interact with each other. I would like to reserve the term consciousness
for those subjective experiences that, as a result of attention, have expanded to a
certain degree of complexity such that they contain an aspect of time (when?),
space (where?), and/or self (it is me who is aware of) (see for arguments (Romijn,
1997).

II: Neurobiological Data

1. Synaptic transmission

In the following sections, I will give a brief account of the main neurobiological
processes typically found in a functioning neuronal network and evidently corre-
lated with conscious experience. This information will provide a basis for decid-
ing which neurobiological processes can be denoted as the ultimate material
substrate underlying subjective (conscious) experience.
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Almost all of our bodily cells have an
electrical potential across their cell
membrane which roughly varies
between 20-80 mV (inside negative).
This so-called resting potential is
mainly due to the activity of a metabolic
Na+/K+ pump in combination with dif-
ferent membrane permeabilities for dif-
ferent ions. During evolution, nerve
cells chose the membrane potential as a
crucial element in the development of a
unique system for the transport and
integration of information (Fig. 1).
Generally stated, transport of informa-
tion is realized by means of short-term
depolarizations of the membrane poten-
tial (action potentials) generated at the
beginning of a long axon and subse-
quently propagated with a constant
amplitude along that axon to other
nerve cells upon which the axon makes
synaptic contacts. Integration of infor-
mation occurs along the dendritic tree
of a nerve cell upon which hundreds of
axons, derived from other neurons,
make synaptic contacts. If an action
potential arrives at a dendritic synapse
this results, depending the chemical
nature of the synapse, in a local depolar-
ization or hyperpolarization of the rest-
ing membrane potential. As a result of
such a local synaptic depolarization
(excitatory postsynaptic potential) or hyperpolarization (inhibitory postsynaptic
potential), a transient electric field emerges between the de- or hyperpolarized
membrane patch and the remaining dendrite, both on the in- and outside of the
membrane where the intra- and extracellular fluid has a relatively low electrical
resistance (Fig. 2). Generally speaking, a synaptic de- or hyperpolarization
spreads in a passive, decremental way in both directions over a dendrite and
splits at bifurcations. The latter implies that a synaptic signal is, to a greater or
lesser extent, noticed everywhere on the dendritic tree. However, proportionally
a greater part of the electric field will flow towards the thicker proximal parts of
the dendritic tree (including the neuronal cell body) than towards the thinner dis-
tal parts, because the thicker the dendrite the lower its inner electrical resistance.
Thus, the cell body and the axon hillock normally ‘suck’ a good deal of the cur-
rent away. Moreover, excitable ion channels may be present along the dendrite
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Figure 1. Schematic drawing of a Golgi-
stained cortical pyramidal neuron. Observe the
short branched basal dendrite (on the lower
side) and the long upward-coursing apical den-
drite mainly branching at its terminal region
(on the upper side). Almost all dendrites are
studded with spines. A relatively thin down-
ward-coursing axon leaves the cell body at the
bottom (short arrow). The thick curved arrows
symbolize the afferent axons making many
hundreds to thousands of synaptic contacts on
the shaft and spines of the dendritic arbor.
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64 H. ROMIJN

Figure 2. Schematic picture of charge distribution and the concomitant electric fields (depicted by
lines of force) within a small part of a dendrite with two active excitatory shaft synapses (A and B),
one active excitatory spine synapse (C), one active inhibitory shaft synapse (D) and one non-active
spine-synapse (E). Because the cell membrane has a thickness of about 9–10 nm and its
transmembrane resting potential is about –70 mV (which corresponds with –70,000 V /cm), it
forms a dielectric causing an accumulation of negatively charged ions adjacent to its inside and
positively charged ions adjacent to its outside. This ‘triple layer’ therefore possesses a certain elec-
trical capacitance in addition to an electrical resistance.

Observe that part of the electric field emanating from (A) is repulsed by that from (B), while
another part is sucked away by spine (E). As a consequence, the electric field emanating from (A)
will not reach the cell body and the initial axon segment but, on the other hand, pushes the greater
part of the electric field arising from (B) into that direction. Note, moreover, that only a small part
of the electric field from (C) leaves the spine stem. The thick circular arrows indicate the direction
of the lines of force of the magnetic fields at two arbitrarily chosen spots on the inside of the den-
drite and in the active spine synapse (C). These magnetic fields are generated as a result of the
changing electric fields and the movements of ions (ionic fluxes) in the cytoplasm. They are able to
pass the polarized dendritic membrane (as indicated by the dotted circular arrows). No example is
given of magnetic fields generated within the thin dendritic membranes or on their outside since
these fields disappear for the greater part by dispersion and mutual cancellation. Bear in mind that
this scheme is very simplified: the real pattern is much more complex and, moreover, continuously
varies on a (sub)millisecond time-scale under the bombardment of synaptic activity. (For the sake
of clarity, in a permanent electric field the magnetic aspects of the virtual photons mutually cancel
each other out, thus only leaving the electric aspects; the magnetic aspects are merely revealed by a
change of the electric field. The same principle holds for a permanent magnetic field.)
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causing synaptic depolarizations to be actively propagated, hence with minimal
decrement, towards the cell body. In this manner, hundreds of synaptic de- and
hyperpolarizations per second are continually generated along the dendritic
arbor of a neuron to give rise to a confluent merger of electric fields. And it is this
composite electric field that, in its turn, will occasionally depolarize the mem-
brane potential at the axon hillock of the nerve cell body to such an extent that
one or more action potentials are generated and sent off to other nerve cells
(Dowling, 1992; Lopes da Silva, 1996).

2. Electric and magnetic fields

Synaptic de- and hyperpolarizations along the dendritic tree not only entail the
generation of transient electric fields but also of transient magnetic fields (Fig. 2).
These transient magnetic fields are generated in two ways. First, a changing elec-
tric field generates a changing magnetic field, the magnetic lines of force of
which stand perpendicular to the lines of force of the electric field. Second, a
changing electric field makes the hydrated ions present in the intra- and extra-
dendritic space (Na+, K+, Cl–, Ca++, HCO3

– and HPO4
–) move along its lines of

force and this movement (flux) of electrically charged particles (ion currents)
subsequently causes the generation of a magnetic field too. Because the lines of
force of both magnetic fields point in the same direction, they coincide. It has
been calculated, furthermore, that the contribution of ion currents and changing
electric fields in the extracellular space and across the dendritic membrane to the
formation of measurable extracellular magnetic fields is negligible due to pro-
cesses such as dispersion and mutual cancellation (Romani, 1989; Wikswo,
1989). Thus, what is finally measured at the outside of the skull by MEG are
mainly magnetic fields generated inside of synchronously activated dendrites,
situated along the inner regions of the cortical sulci, and which have passed
through the cytoplasm and polarized membranes of surrounding glial and nerve
cells (Hämäläinen et al., 1993). In contrast, polarized dendritic and glial mem-
branes show a substantially lower permeability to electric fields, which implies
that the electric fields generated on the in- and outside of dendrites will be largely
confined to their compartments of origin, i.e., the capriciously shaped
intracellular and extracellular space, respectively. In humans, therefore, the EEG
can be considered to reflect electric fields generated mainly on the outside of
synchronously activated dendrites situated along the outer regions of the cortical
gyri just under the skull (Williamson & Kaufman, 1990; Näätänen et al., 1994;
Lopes da Silva, 1996; Hari & Salmelin, 1997). Basically, two different groups of
virtual photons make up these electric and magnetic fields: one group predomi-
nantly showing its electric aspect while the other reveals mainly its magnetic
one. These electric and magnetic fields must be distinguished from the
self-propagating electro-magnetic waves which are formed by real photons
equally showing their electric and magnetic aspect and, as such, are carriers of,
e.g., light, radio and TV signals (for more details see a special section on virtual
photons further on).
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3. Mechanisms of dendritic integration

Experimental research has shown that the dendritic tree of a neuron uses several
mechanisms to modulate and process the different streams of information which
continually enter its branches in the form of synaptic de- and hyperpolarizations.
At the level of the synapse, for example, most, if not all, nerve endings contain
two or more different neurotransmitters which can be differentially released
depending on the frequency pattern of action potentials arriving at the ending
(Salter & De Koninck, 1999). At the postsynaptic membrane, numerous receptor
subtypes, differentially sensitive to one single neurotransmitter and directly or
indirectly coupled to ion-channels, have been found clustered into complex spa-
tial patterns. Some of these receptors have a short-term action over a time course
of a few milliseconds (subserving the transmission of high-frequency,
time-coded information), others exert long-term-effects over periods of seconds
or minutes. The time a transmitter can exert its task in the synaptic cleft is modu-
lated by catabolic enzymes, by transmitter-specific re-uptake mechanisms pres-
ent in the pre-and postsynaptic membrane, and by diffusion out of the cleft. Via
so-called allosteric interaction, receptors can modulate each other’s efficacy.
Outside the synaptic cleft, the extracellular fluid contains slowly fluctuating, rel-
atively low concentrations of ions, neurotransmitters, hormones and other mes-
sengers which presumably exert subtle, tonic effects on large groups of neurons
and glial cells. This so-called volume transmission would enhance interneuronal
connectivity and probably exert a synchronizing effect on neuronal activities
(Zoli et al., 1998). Such a synchronizing effect can also be brought about by com-
pound electric and magnetic fields propagating across the neuronal network
(Griffin, 1994). Experimental and computational studies have demonstrated, fur-
thermore, that the dendritic tree possesses mechanisms to detect on a millisecond
scale, the correlation (coincidence) of individual discharges of spatially separate
synapses (Softky, 1994; König et al., 1996; Markram et al., 1997). Mechanisms
for amplifying the signal-to-noise ratio have also been found. Long-term
potentiation and depression of synaptic transmission are special forms of such a
fine-tuning, which are based on alterations at the level of receptors, transmitter
release, reuptake mechanisms and/or ion-channels (for a review, see Maren &
Baudry, 1995).

4. Spines

A special function is fulfilled by spines ( Fig. 1 and 2), the tiny protrusions of the
dendritic membrane which form the postsynaptic contact sites for more than 80%
of all excitatory synapses in the cortex (Andersen & Figenschou Soleng, 1999).
Because the extracellular space of a neural network amounts to about 20% of its
total volume (Zoli et al., 1998), spines have sufficient space to change their shape
on a (milli)second time-base, resulting in a rapidly decreased or increased con-
ductance of inflowing information to the underlying dendrite (Rusakov et al.,
1996; Fischer et al., 1998; Andersen & Figenschou Soleng, 1999; Smith, 1999).
Spines are therefore considered to act as key-units of dendritic integration.
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2.5. Feed back and mutual interaction
Protein molecules making up ion-channels, receptors and enzymes, bear several
electrically charged groups which are held together by intramolecular polar
bonds, intermolecular dipole-dipole interactions and Van der Waals forces. Since
these binding forces are electrostatic in nature, they play an important role in
determining the tertiary structure and, therefore, the physico-chemical properties
of these conglomerates. The consequence is that the functional state of ion chan-
nels, receptors and enzymes distributed along a dendrite incessantly fluctuates as
a result of the continually changing merger of electric fields generated by synap-
tic activity along that dendrite (Fröhlich, 1975; Azanza & Del Moral, 1994;
Blank, 1995; Goodman et al., 1995; Hong, 1995). In addition dendritic properties
are affected by the firing of the neuron itself since action potentials, generated at
the axon hillock, are to a greater or lesser extent actively (via excitable ion chan-
nels) back-propagated as a decremental wave into the dendritic arborization
(Stuart et al., 1997).

Furthermore experimental indications have been obtained that, by lateral
electrodiffusion within the dendritic membrane (cell membranes are not rigid but
rather fluid), the spatial distribution pattern of postsynaptic receptors and
ion-channels continually changes (clustering vs. dispersion) in a non-linear way
due to the synaptically induced electric fields (Savtchenko et al., 2000). Finally,
the electro-chemical properties of a dendrite will also be affected, albeit to a
much lesser extent, by electric and magnetic fields radiating from neighboring
(bundles of) dendrites (Griffin, 1994). As a result of these feedback mechanisms
and mutual interaction, the processing of an individual synaptic signal by a den-
drite is strongly dependent on the electrochemical state of that dendrite (and sur-
rounding dendrites) at that particular moment. Thus, the electro-chemical
properties of dendrites, on the one hand, and the generated electric and magnetic
fields, on the other, form an integrated whole, which means that dendrites are
very complex units of integration (Koch, 1997; Frégnac, 1998; Galarreta &
Hestrin, 1998; Segev & Rall, 1998; Magee, 2000).

I hope that this brief survey has made clear that the dendritic tree possesses an
almost infinite spectrum of possibilities to rapidly and optimally tune its integra-
tive properties to the varying character of inflowing information that continu-
ously arrives on its surface via hundreds of synaptic de- and hyperpolarizations
per second. Integration of these information streams finally results in a profile of
highly ordered electric and magnetic fields, characterized by thousands of rap-
idly changing ‘sinks’ and ‘sources’ that spread over the inside and outside of the
dendritic arbor. One should realize that the pattern of lines of force of such a
composite of electric and magnetic fields is very complex and that such a pattern
continuously changes its three-dimensional structure, expanding and contract-
ing, intensifying and attenuating, closely attuned to the ever changing stream of
information entering the dendritic tree. And all this happens on a time-space
scale of milliseconds and micrometers, respectively.
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III: Which Brain Process Underlies Subjective Experiences?

We now arrive at the key-question posed at the beginning of this article: Which
part of the patterned electro-chemical activity of the many billions of nerve cells
in our brain, particularly those in the cerebral cortex, can be denoted as the ulti-
mate material substrate underlying subjective (conscious) experience? To
answer this question we will analyze five relevant processes in the functioning
brain: (i) the frequency- and interval-coded trains of action potentials actively
propagated with a constant amplitude along afferent axons, (ii) the transient
accumulations of synaptically released transmitter molecules from axon endings
into the synaptic clefts of synapses situated along the dendritic trees of neurons,
(iii) the transient shifts of ions via special ion-channels situated in the
postsynaptic membrane patches of the dendritic tree resulting in local
depolarizations and hyperpolarizations of the resting membrane potential, (iv)
the electric and magnetic fields generated by these local de- and
hyperpolarizations along the inside and outside of the capriciously branched
dendritic trees, (v) the frequency- and interval-coded train of action potentials
along efferent axons conveying the final outcome of previous dendritic integra-
tion processes to other nerve cells.

If we consider each of these processes in relation to the probability that they
underlie subjective (conscious) experience, it is self-evident that the processes
mentioned under (i) and (v) cannot be serious candidates. The pattern of action
potentials generated at the axon hillock of spatially separated neuronal cell bod-
ies (the firing pattern) is but a very meager and distorted derivative of all integra-
tive processes that take place along the upstream dendritic tree and remains so
after the action potentials have been sent off along the axons. Moreover, since the
function of axons is only to transport information from one neuronal cell body to
another, individual axons in axon bundles are largely mutually isolated to mini-
mize cross-talk and, thus, integration (Dowling, 1992).

The processes mentioned under (ii) and (iii) are improbable candidates too,
because of the following three arguments. First, it is hardly conceivable that local
accumulations of synaptically released transmitter molecules, shifts of ions or
subsequent de- and hyperpolarizations, all separated in time and space, can give
rise to holistic subjective experiences, particularly when the arbitrary nature of
the type of neurotransmitters and ions involved is taken into account. Second,
there exists a great deal of individual variability with respect to the anatomy and
histology of our brain, the profile of neurotransmitter levels, the pattern of
blood-vessels traversing the neural network etc. whereas most people still per-
ceive, think and move in more or less the same way. This becomes particularly
obvious when, as a result of compensatory reactions to local brain damage before
birth, the function of an affected cortical region has been taken over more or less
by other cortical regions (Lewin, 1980). Thus, there is little accord between the
high variability of cortical ‘hardware’ between individuals, on the one hand, and
the high similarity of basic psychic functioning, on the other. Third, it has been
found that synaptic transmission of a frequency- or interval-coded message via a
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synaptic contact on a dendrite is far from accurate. Each time an action potential
arrives at a nerve ending, it is a matter of probability (roughly ranging between
30 and 80 %, depending on the type of synapse) as to whether a synaptic vesicle
will be released, a receptor-linked ion-channel opened, and a de- or
hyperpolarization of the postsynaptic membrane induced (Auger et al., 1998;
Shadlen & Newsome, 1998). This inaccuracy is known to be solved by the ner-
vous system by applying the principle of averaging, i.e., by using more than one
axon and concomitant synaptic contacts to transmit the same message onto the
same dendrite, as well as by using assemblies of neurons doing the same job
(Dowling, 1992). However, averaging makes sense only if the end-product of
such an averaging process, the mean, is somehow actualized. It is self-evident
that such an averaging process can not be achieved by the individual synaptic
processes as mentioned under (ii) and (iii). Taken together with both former
arguments, it is unlikely that these processes are the ultimate material substrate
of psychic functioning.

The above-mentioned objections are absent with the last candidate (iv): the
patterns of electric and magnetic fields generated along the inside and outside of
the dendritic tree. At this level, the different streams of information, arriving as
discrete trains of action potentials at the hundreds of separate synaptic contacts
along the dendrite, become converted to a confluent pattern of electric and mag-
netic fields. It can readily be understood now how, during this conversion pro-
cess, the dendrite tree with the aid of its wide spectrum of integrative capabilities
(see before), is able to largely eliminate the individual variation of dendritic
hardware, to smooth out the fragmented character of inflowing information, and
to average out the inaccuracies of synaptic transmission. With other words, elec-
tric and magnetic fields could be formed which are, to a certain extend, invariant
with respect to these three constrains. Because of the relatively small size and
extremely short half-life of their constituents, i.e., virtual photons, electric and
magnetic fields form an optimal material substrate to be flexibly sculptured to
highly ordered, continually changing 4-dimensional (space and time) patterns of
‘sources and sinks’ accurately reflecting synaptically driven de- and
hyperpolarizations caused by inflowing information. The above rationale thus
points to the electric and/or magnetic fields as the most plausible candidate out
of a number of options to function as the ultimate material substrate underlying
subjective (conscious) experiences.

The following data lend extra support to the above-mentioned option. By
means of EEG analysis during various forms of mental activity, Lehmann and
co-workers (Lehmann et al., 1998) arrived at the conclusion that changes in the
spatial configuration of EEG fields across the cortex are discontinuous. The
near-stable field configurations, which differ depending on the nature of mental
activity - e.g., visual imagery vs. abstract thinking -, last about 120 msec, which
is the minimum time apparently required for a unitary conscious experience (the
mean duration of 120 msec of such a microstate is within the time range of 100
msec postulated by Newell (1992), but shorter than the 500 msec reported by
Libet (1985). The researchers concluded that the stream of consciousness
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actually consists of a sequence of discernible microstates of the electric fields
(see also Zeki and Bartels, 1998). Thus, a certain electric field configuration in
the cerebral cortex would have to remain more or less stable for some minimal
time in order to become experienced subjectively. This may also explain why a
visual stimulus of too short a duration (Velmans, 1991) or too low an intensity
(Roelfsema et al., 1998; Gulyás, 1999) only leads to unconscious (subliminal)
perception. (N.B. In view of the close relationship between electric and magnetic
fields, semi-stable field configurations can also be expected to exist for the
MEG). These experimental findings lend extra support to my above-mentioned
option that the electric and/or magnetic fields function as the ultimate material
substrate of cognitive functioning.

In summary, it is not so much the number of neurons, the precise shape of den-
dritic trees or the accurate position of synapses, nor the firing of individual neu-
rons or functioning of local synapses that is crucial, but rather whether the
derivative, i.e., the fleeting electric and/or magnetic fields generated along the
dendritic trees are shaped as optimally as possible to short-lasting, meaningful
patterns. Thus, (human) brains can be metaphorically viewed as orchestras of
different composition and size trying to perform in a comparable manner the
same symphony of Beethoven.

IV: Self-organization

Self-organization can be thought of as a key property of matter by which individ-
ual material elements in an assembly spontaneously start to interact with each
other and behave in a coherent and cooperative way to finally result in the forma-
tion of larger and more complex, stable structures which show emergent proper-
ties not possessed by the individual elements. This process is based on the
electro-chemical properties of the individual elements and some environmental
conditions, such as temperature and energy supply, while the process is governed
by deterministic chaotic, non-linear dynamics (Mainzer, 1994; Kauffman, 1995;
Kelso, 1995; Gaspard et al., 1998). The complex structures that are formed can
be thought of as meta-stable, oscillating, low-energy preference patterns to
which the dynamic system is attracted. Such systems are very sensitive to influ-
ences (information) from outside, which has the consequence that their oscillat-
ing patterns easily adapt to a greater or lesser extent to any environmental
change, returning again to the original state as soon as the stimulus has disap-
peared. However, if one or more of the environmental influences pushes the sys-
tem beyond a critical level, it can jump to a different meta-stable preference
pattern. Such phase-transitions can occur repeatedly.

Self-organization is ubiquitous in non-living and living nature. It is even pro-
posed that self-organization characterizes the universe on every scale, from the
cosmos as a whole through to the smallest component structure (Smolin, 1997).
Examples are the formation of whirlpools in a river, the Belousov-Zhabotinsky
reaction, which shows the formation of oscillating, colored ring-shaped struc-
tures in a relatively simple, inorganic chemical mixture (Field, 1972), and, of
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course, all living systems. It is not surprising, therefore, that the formation and
functioning of neuronal networks in the cerebral cortex also comes about by
self-organization and that the time-spatial patterns of the electric and magnetic
fields as detected by EEG and MEG analysis are characterized by non-linear,
chaotic dynamics ( Kowalik & Elbert, 1994; Freeman, 1995; Hoshino et al.,
1996; Lopes da Silva, 1996; Wright & Liley, 1996; Accardo et al., 1997;
Rabinovich & Abarbanel, 1998; Anokhin et al., 1999; Mölle et al., 1999). This
finding is crucial because the EEG and MEG are, indeed, a direct reflection of the
electric and magnetic fields generated by balanced excitatory and inhibitory
activity along bundles of dendrites in the cerebral cortex. Although generated by
millions of individual dendritic trees, the process of self-organization causes the
formation of ever larger and more complex composites via resonance and
nesting.

Because of their highly volatile character and extreme sensitivity to minute
influences, these electric and magnetic fields can rapidly take an almost infinite
number of different, meta-stable configurations as a result of the fluctuating
input from the inside (memory) and outside (sensory stimuli) and, thus, give rise
to the almost infinitely varying stream of feelings and thoughts (Sakai &
Miyashita, 1994; Tononi et al., 1994). Thus, also considered from the perspective
of chaotic dynamics, the dendritic electric and magnetic fields are plausible can-
didates to function as the ultimate material substrate underlying the fleeting
stream of thoughts and feelings during psychic functioning. Since the same con-
clusion was already drawn on the basis of more conventional neurobiological
arguments (former section), the following hypothesis can be put forward:

Hypothesis (1a): The fleeting, highly ordered 4-dimensional (space and time)
patterns of the electric and/or magnetic fields generated by assemblies of infor-
mation processing dendritic trees of a specialized (e.g., cortical) neuronal net-
work, should be thought of as the final product of chaotic, dynamically governed
self-organization. These patterned electric and/or magnetic fields encode for
subjective (conscious) experiences such as pain and pleasure, or seeing the col-
ors red, yellow and blue etc.

One should keep in mind that, as a consequence of evolutionary specialization,
not only did dendritic networks develop that generated the electric and magnetic
fields underlying subjective experiences, but also networks fulfilling quite dif-
ferent functions entailing minimal subjectivity, if any at all. For example, sen-
sory information, before coming to conscious experience in the cerebral cortex,
has to be processed in subcortical dendritic networks where consciousness is
generally assumed to be absent. Sometimes an adequate motor reaction can even
be elicited (reflex) before the stimulus in question is consciously sensed. And in
the opposite direction, a conscious cortical command leading, for example, to a
coordinated movement of our hand has first to be processed at a subcortical and
spinal level before it can eventually stimulate in a balanced way the appropriate
muscles. Likewise unconscious information processing plays an important role
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in speaking and reading, or if one tries to remember something. It also forms the
basis of our unconscious mental life (Romijn, 1997).

Actually, conscious experience is only possible if, neurophysiologically, two
conditions are fulfilled. First of all, the basic activity level of the cerebral cortex
has to be brought to a wakeful state by several ascending activating processes
mainly originating in the brain stem, as was originally discovered by Moruzzi
and Magoun in the forties. During such a wakeful state, the cortical EEG pre-
dominantly shows beta-activity (minimally synchronized neuronal activity lead-
ing to fast, low-voltage activity of >12 Hz), which reflects the processing of
information originating from the external and internal world. In the second place,
cortical activity is consciously experienced only if it is selected to be the focus of
attention, i.e. is intensified, synchronized and modulated so that its pattern
attains the level of consciousness. It is still a matter of debate, however, whether
the latter process is caused by a special circuit (locus) in each hemisphere, func-
tioning like a ‘searchlight’ (Crick, 1984; Crick 1999 in Bogen, 2000; Bogen,
2000) or by a self-reinforcing process raising part of ongoing cortical activity to a
sufficiently high level of complexity (Tononi & Edelman, 1998). Additionally,
there is no agreement yet as to whether or not a person has to be already con-
scious before a certain experience can pop up. In the first case, a conscious expe-
rience should be considered then as a modification of an already present unified
conscious field in the person’s cerebral cortex. In the opposite case, a certain con-
scious experience is believed to be made up of various small building blocks
(colors, shapes, sounds etc.) which are individually brought to consciousness,
whereafter these ‘micro-consciousnesses’ are subsequently unified by a binding
process to one coherent conscious field (see for an elaborate discussion Searle,
2000). Whatever the mechanism, it is certain that only a tiny part of ongoing
unconscious information processing is continually ‘boosted up’ to special activ-
ity patterns in the cerebral cortex to form the stream of conscious experience.

During a state of dreamless sleep, in contrast, the cortical EEG is characterized
by slow-wave activity (strongly synchronized neuronal activity leading to slow,
high-voltage oscillations of <4 Hz) assumed not to support information process-
ing but instead the metabolic recovery processes of the neuronal network. In
summary, it is not the electric and/or magnetic fields as such but the special pat-
terns of the electric and/or magnetic fields generated by assemblies of informa-
tion processing dendritic trees (in mammals mainly in the cerebral cortex) which
give rise to conscious experience (for more data see Kinney and Samuels, 1994;
Romijn, 1997).

It is plausible, moreover, that in higher non-mammalian species which lack a
distinct cerebral cortex, other brain parts (such as the hypothalamus, striatum,
and/or amygdala, assigned as subcortical in mammals) function as a substratum
underlying subjective experience. During evolution various functions (such as
hearing and seeing) largely ‘moved’ to the developing cerebral cortex but this
hardly happened, if at all, with respect to such basic feelings as pain, pleasure,
hunger, thirst, and emotions. It is not unlikely, therefore, that some lower brain
parts in mammals, including humans, still generate some basic subjective
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experiences which just expand then to full-blown conscious experiences after
having been passed on to the cerebral cortex (see e.g. Damasio, 1994, and also a
special section on evolution further on).

V: Which Part of the Electric and/or Magnetic Fields?

As to the question whether it is the electric or the magnetic field, or both together,
which carry the code for subjective (conscious) experiences, no answer can yet
be given because of the lack of pertinent data. Only two remarks will be made
here. First, in contrast to electric fields, magnetic fields easily penetrate the
polarized membranes of surrounding tissue. This will lead to mutual interaction
(repellence or attraction) between individual magnetic fields of (bundles of) acti-
vated dendrites and, thus, to the formation of complex patterns of ‘cross talk’
which might well be a critical feature for subjective experience. Second, the fur-
ther an electric or magnetic field extends from its dendrite of origin, the more
will its detailed 4-dimensional (space and time) configuration — which can ini-
tially be considered to accurately reflect local, synaptically driven de- and
hyper-polarizations — smooth away in detail and field force. This effect is par-
ticularly extreme at the outside of the skull and logically triggers the question as
to whether the extracranial portion of the electric and/or magnetic fields (under-
lying the EEG and MEG) would still make any contribution to subjective (con-
scious) experience. Experimental analysis of cortical dendritic fields by means
of multi-electrode recording techniques combined with (non)linear data analysis
could lift a corner of the veil surrounding this challenging question.

VI: Virtual Photons

If we return now to the aim of this study as formulated in the Introduction, viz,
what is the ultimate material substrate underlying subjective (conscious) experi-
ence, the question then arises as to what can be said about the building blocks of
electric and magnetic fields. To answer this question we should first look at elec-
tromagnetic radiation which can be considered as oscillating, self-propagating
fields carrying light, radio and TV signals. From the perspective of quantum
mechanics, the constituent of electromagnetic radiation is the photon. A photon
can be thought of as a wave packet with a certain amount of energy directly pro-
portional to the frequency of that wave. Photons have no mass, move in space
with the highest permissible speed (i.e. 300,000 km per second in vacuum), have
in principle an unlimited life-time and range, possess an electric and a magnetic
aspect. Photons can be generated by various kinds of processes. Apart from
these, also called, real photons, so-called virtual photons can be distinguished.

The term virtual photon is used in quantum mechanics as a metaphor for the
mathematical description of electric and magnetic fields. Thus, metaphorically
speaking, virtual photons are continually emitted by electrically charged parti-
cles such as protons, electrons, and quarks (the constituents of protons and neu-
tron). The magnetic aspect of virtual photons associated with randomly moving
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electric charges is mutually self-cancelling, so that they can only reveal them-
selves as an electric field. When virtual photons are emitted by electrically
charged particles moving in the same direction, as is, for instance, the case for an
ion-flux in a fluid or for electrons moving in a permanent magnet or in a copper
wire (electric current), their electric aspect is mutually canceled out and they
manifest as a magnetic field. The trajectories of the virtual photons are classi-
cally described as lines of force which never cross each other. If two electrically
charged particles or two permanent magnets exchange virtual photons, this has
the effect of attraction or repulsion depending whether both particles or magnets
have the same or opposite sign. Virtual photons, per definition, receive insuffi-
cient energy to start an independent life as real photons, i.e., as electromagnetic
radiation, as a consequence of which they are extremely ephemeral. It is
Heisenberg’s uncertainty principle which allows virtual photons to temporarily
elude the law of conservation of mass and energy, thus enabling them to tempo-
rarily exist according to the relationship: the lower their energy (wave fre-
quency) the longer their life-time, and consequently the distance that can be
covered ( Zukav, 1979; Hawkin, 1988). Based on these data, my hypothesis can
be reformulated as follows:

Hypothesis (1b): The fleeting, highly ordered 4-dimensional (space and time)
patterns of virtual photons (electric and/or magnetic fields), generated by
assemblies of dendritic trees of a specialized (e.g., cortical) neuronal network,
should be thought of as the final product of chaotic, dynamically governed
self-organization; such patterns encode for subjective (conscious) experiences.

Such patterns of virtual photons, thus, have to be distinguished from patterns
of real photons (self-propagating electromagnetic fields) generated by radio and
television transmitters which function as carriers of objective information.

VII: The Mind-brain Relationship in the Light of Evolution

As stated in the previous section, all matter (protons, electrons, quarks) con-
stantly emits and reabsorbs virtual photons. This means that virtual photons must
be continually present everywhere in the universe. Additionally, the virtual con-
stituents of electromagnetic, gravitational and both nuclear force fields — thus
also virtual photons — are continuously created as quantum fluctuations within
the energy and time limits of the uncertainty principle of Heisenberg everywhere
in space, even in the deepest, isolated vacuum cooled down to absolute zero.
They spontaneously wink in and out of appearance from a deeper reality (see
Lamoreaux, 1997). Thus virtual photons are always omnipresent in the universe
although their concentration in space varies.

If the principle of simplicity (Ockham’s razor) is now applied to the mind–
brain relationship, a logical corollary of the above is that subjectivity per se did
not suddenly emerge during evolution at a point when neuronal networks had
been formed which were able to generate 4-dimensional patterns of virtual
photons (electric and/or magnetic fields) of sufficient complexity. Instead,
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subjectivity must already existed as a fundamental property of the omnipresent
virtual photons, i.e. of matter, from the very beginning, the ‘big bang’. Indeed,
during organic evolution, self-organization gave rise to the formation of all kinds
of living structures with organs specialized to fulfil specific tasks, e.g., the ears,
the nose, and the eyes. These formed sounds, odours, and visual images from the
already omnipresent waves of air vibrations, air-borne molecules, and streams of
real photons in the environment. Likewise, in the course of evolution, nerve cells
and neuronal networks developed, specialized to generate clouds of virtual pho-
tons (elementary germs of subjectivity) and to arrange them in complex configu-
rations underlying complex subjective experiences. Similar to the fact that any
material object (e.g. a piano, bicycle, or aeroplane) with its characteristic (emer-
gent) properties is composed of the same elementary material constituents, i.e.
atoms, molecules etc., so is any subjective experience (e.g. a special sense per-
ception, thought or emotion) with its characteristic (emergent) properties com-
posed of the same elementary subjective constituents, i.e. virtual photons. Thus,
subjectivity did not suddenly emerge as a weird phenomenon out of a material
structure but, rather, must always have been there! Put differently, matter is
always animated and because of self-organizing processes we see then (a) the
emergence of complex material, objective structures as well as (b) the emergence
of complex mental, subjective activities but never the emergence of (b) from (a).

Support for this view is provided by the fact that all serious attempts so far to
explain the mind-brain problem on the basis of (i) interaction between a
non-material mind and a material brain (even if the uncertainty principle of quan-
tum mechanics is taken into account), or (ii) the emergence of a non-material
mind from a neural network at a certain stage of complexity, have recently been
demonstrated to be in serious conflict with basic physical laws (Burns, 1999;
Wilson, 1999; Seife, 2000; Tegmark, 2000). My view, on the contrary, lacks this
flaw and, thus, offers a simple and plausible solution to the mind-brain problem,
viz, why consciousness and other sorts of mental phenomena, generally accepted
to be caused by neurobiological processes in the brain, cannot be causally
reduced to them (see e.g. Gold and Stoljar, 1999; Searle 2000). If the above-
mentioned reasoning is true, my hypothesis can be reformulated again:

Hypothesis (1c): The fleeting, highly ordered 4-dimensional (space and time)
patterns of germs of subjectivity (virtual photons), generated by assemblies of
dendritic trees of a specialized (e.g., cortical) neuronal network, should be
thought of as the final product of chaotic, dynamically governed
self-organization; such patterns encode for — that is to say they experience
themselves as — subjective (conscious) experience.

From an evolutionary point of view I predict, moreover, that any characteristic
configuration of electric and magnetic fields underlying a specific subjective (con-
scious) experience, should have the same basic 4-dimensional (space and time)
code, irrespective of whether it is evoked in a human, rat, fish or snail brain; once
developed during evolution, the code is probably universal, like the DNA code.

VIRTUAL PHOTONS AS CARRIERS OF CONSCIOUSNESS? 75

C
op

yr
ig

ht
 (c

) I
m

pr
in

t A
ca

de
m

ic
 2

01
3

Fo
r p

er
so

na
l u

se
 o

nl
y 

-- 
no

t f
or

 re
pr

od
uc

tio
n



If the rationale leading to the contention that virtual photons are the elemen-
tary carriers of subjectivity is correct, their omnipresence implies that the whole
universe must be imbued with subjectivity.
The question, finally, as to whether real photons, like virtual photons, also pos-
sess subjectivity cannot be answered as yet.

VII: Panpsychism

The question then arises whether plants and trees which lack nerve cells are nev-
ertheless endowed with some form of structured subjectivity rising above the
basal level formed by the omnipresent virtual photons. It can be speculated that
by the process of self-organization, which in all living creatures incessantly
binds the millions of elementary constituents into coherent, ever larger and more
complex composites which are nested in each other (atoms, molecules, cells, tis-
sues, organs through a complete individual) and interrelated by resonance, the
millions of virtual photons emitted by the atoms of these composite structures
will be correspondingly patterned (see e.g. Ho, 1996). This implies that any cell,
organ or complete individual, such as a plant, animal, or human being, has its
own relatively simple level of subjective experience. The latter, of course, will
substantially differ from the amplified, highly structured states of subjectivity
(consciousness) generated by specialized neuronal networks with at the top of
the evolutionary complexity the human cerebral cortex. This panpsychistic view
is in harmony with that of some philosophers such as Spinoza, see Boyle (1989),
Bergson (1907), Driesch (1928), Haldane (1932) and Teilhard de Chardin
(1947). The last once phrased poetically: The mind sleeps in the mineral king-
dom, breathes in the vegetable kingdom, dreams in the animal kingdom, and
awakes in man.

IX: Submanifest Levels

One may conclude from the above that it is the patterned fields of virtual photons
per se which experience themselves as a violent pain, a sound or a color. This
implies that, by further exploring these fields, the essence of subjectivity will
eventually be found. However, it is not unlikely that these fields of virtual pho-
tons with their objective and hypothesized subjective properties derive from a
deeper, fine-material level which perhaps may stem from a still deeper level, thus
forming a whole sequence of ever deeper levels of order which are not (yet)
accessible to currently available physical measuring instruments (Davis, 1983;
Fischer, 1997; Romijn, 1997; Greene, 1999; Wilson, 1999). Considering the his-
tory of physics, it would be a highly unlikely coincidence if the depth to which
modern physics has so far penetrated matter (from our daily, macroscopic objects
via light microscopic structures, molecules, atoms, subatomic particles through
quarks) is precisely the ultimate border of reality, and that there is nothing more
beyond. Matter is certainly no less mysterious than mind. The fact, moreover,
that modern physics is still far from giving an satisfactory explanation of what
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matter actually is, makes it all the more likely that deeper, more fundamental lev-
els exist than that they do not. One should not forget that what we observe is not
nature as such but nature exposed to our sensory perception, instruments and
thinking. Even quantum mechanics mainly furnish a mathematical description of
certain properties of matter without really explaining them.

A typical example is the weird, but experimentally proven phenomenon of
non-local quantum mechanical interconnectedness, which, if one searches for an
explanation, almost axiomatically refers to the existence of a submanifest order
of being in which the ostensibly separate parts of the universe are closely entan-
gled (Bohm, 1980; Romijn, 1997). Likewise the ‘string theory’ with its ten or
twenty-six dimensions, refers to such a deeper level of order (Greene, 1999).
Thus, to postulate the existence of deeper levels of ordered energy is a plausible
hypothetical extension of the current empirical scope of natural sciences. Such a
submanifest level of energy was recently postulated to function as the repository
of our unconscious mental life as well as of the billions of declarative memories
which each of us bears in one’s mind (for arguments see Romijn, 1997).

And last but not least, is the plain phenomenon that the functioning cerebral
cortex can see (experience), for example, a yellow banana while, objectively
considered, there is actually neither yellow light nor a real banana present any-
where in the brain. Taken together, subjective (conscious) experience implies a
not yet understood transformation within the cortex: from some objective phe-
nomena (action potentials, synaptic activities, electric and magnetic fields) to
the subjective experience of a yellow banana which, since present-day physics
totally lacks the fundamental concepts needed for an explanation, presumably
occurs at a deeper physical level; one which is governed by as yet undiscovered
physical principles. Put differently, subjectivity (consciousness) may find its ori-
gin somewhere in the submanifest depth-of-being to manifest itself in our mate-
rial world in the shape of (patterned fields of) virtual photons.

X: Can the Current Hypothesis Be Empirically Tested?

Doing experiments in the field of consciousness studies is essentially different
than in the conventional sciences. In contrast to the material brain, which can be
studied in a normal objective-instrumental way, consciousness can only be stud-
ied in a subjective-introspective way and, thus, eludes measuring instruments
(see also the Introduction). Conscious experience is by definition a private mat-
ter. Only by interviewing a volunteer or by interpreting the behaviour of a volun-
teer or an animal, one can obtain indirectly information about conscious
experience while one tacitly assumes that others are like oneself (see e.g.
Goldman, 2000). Therefore, it is difficult to delineate objective experiments that
decisively confirm or falsify the present hypothesis.

Nevertheless I propose the following experimental strategy, which could sup-
port the current hypothesis, at least as formulated under 1a and 1b, and might
confirm it. With the aid of intracortical multi-electrode measurements or refined
EEG and EMG analysis, one could search for those characteristic elements in the
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(sub)cortical electric and magnetic fields that most strictly correlate with, and
according to the hypothesis thus encode for, a certain mental experience, e.g.,
seeing the colour red versus green, or a typical figure such as a line, cross or
square, or hearing tones of a different pitch, as well as experiencing such basic
feelings like pain (by applying small pinpricks). And as was already said at the
end of section 7, I predict that such a ‘language’, once developed during evolu-
tion, should be universal and, thus, contain the same feature-specific,
4-dimensional (space and time) code irrespective as to whether it is evoked in the
a human, rat, fish or snail brain. Thus, comparative electrophysiological studies
should be carried out to decipher the ‘language’ hidden within the electric and/or
magnetic field patterns. Once unravelled, one can simply substitute ‘electric and
magnetic field patterns’ by ‘virtual photon patterns’ since virtual photons are by
definition the theoretical constituents of these fields. Although such studies have
already been going on for years (e.g. the pioneering experiments of Walter Free-
man on the processing of olfactory stimuli, Freeman 1995; see also Zeki &
Bartels, 1998; Lehman et al. 1989; Iwaki et al, 1999), current techniques are not
adequate to crack the code at present, though they can certainly be expected to do
so in the future.

With respect to the hypothesis as formulated under 1c, the situation is more
complicated. It is questionable whether it will be ever possible to experimentally
prove that virtual photons are the elementary carriers of subjectivity. Indeed, as
has already been described, subjectivity escapes objective analysis by whatever
instrument. Subjectivity, by definition, is a private matter that can only be stud-
ied in an indirect way by interviewing a volunteer or by interpreting the behav-
iour of a volunteer or an animal. I am afraid, therefore, that the proposal that
virtual photons are the elementary carriers of subjectivity can never be proven
experimentally; conclusions about the validity of hypothesis 1c will be reached
only via a theoretical, deductive approach.

At this moment, the hypothesis derives its value from (i) a careful, data-based
rationale which leads to a new view on the mind-brain relationship and which
can be verified step-by-step regarding logic and flaws and (ii) new scientific
arguments supporting panspsychism.
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