
G

N

I
c
b

B
a

b

c

a

A
R
R
A

K
B
U
B
C
I
H
Q

M
a
o
n
m
o
o
p
t
d
m
I
s
p
t
w
s

t

v
f

0
d

ARTICLE IN PRESS Model

SL-28689; No. of Pages 4

Neuroscience Letters xxx (2012) xxx– xxx

Contents lists available at SciVerse ScienceDirect

Neuroscience  Letters

jou rn al h om epage: www.elsev ier .com/ locate /neule t

ncreased  photon  emission  from  the  head  while  imagining  light  in  the  dark  is
orrelated  with  changes  in  electroencephalographic  power:  Support  for  Bókkon’s
iophoton  hypothesis�

.T.  Dottaa,c, K.S.  Sarokaa,b,  M.A.  Persingera,b,c,∗

Behavioural Neuroscience Program, Laurentian University, Sudbury, Ontario, Canada P3E 2C6
Human Studies Program, Laurentian University, Sudbury, Ontario, Canada P3E 2C6
Biomolecular Sciences Program, Laurentian University, Sudbury, Ontario, Canada P3E 2C6

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 3 January 2012
eceived in revised form 31 January 2012
ccepted 8 February 2012

eywords:

a  b  s  t  r  a  c  t

Bókkon’s  hypothesis  that  photons  released  from  chemical  processes  within  the  brain  produce  biophysical
pictures  during  visual  imagery  has been  supported  experimentally.  In the  present  study  measurements
by  a photomultiplier  tube  also  demonstrated  significant  increases  in  ultraweak  photon  emissions  (UPEs)
or  biophotons  equivalent  to  about  5  ×  10−11 W/m2 from  the  right  sides  of  volunteer’s  heads  when  they
imagined  light  in a very  dark  environment  compared  to when  they  did  not. Simultaneous  variations  in
regional  quantitative  electroencephalographic  spectral  power  (�V2/Hz)  and  total  energy  in  the range  of
iophotons
ltraweak photon emissions (UPEs)
ókkon’s biophoton hypothesis
erebral hemispheres

magination
uman brain

∼10−12 J from  concurrent  biophoton  emissions  were  strongly  correlated  (r = 0.95).  The calculated  energy
was  equivalent  to that  associated  with  action  potentials  from  about  107 cerebral  cortical  neurons.  We
suggest  these  results  support  Bókkon’s  hypothesis  that  specific  visual  imagery  is strongly  correlated  with
ultraweak  photon  emission  coupled  to brain  activity.

© 2012 Elsevier Ireland Ltd. All rights reserved.

uantitative EEG (QEEG) visualization

ost neuroscientists are familiar with the threshold of ∼5 × 10−17 J
s the retinal dark-adapted threshold of energy for the experience
f “light” (� ∼ 380–800 nm)  from exogenous photons [25]. Endoge-
ous production of ultraweak photon emissions (UPEs), energies
ore than 10,000 times less intense than the light from the stars

n a clear moonless night, within the human brain was  the focus
f a recent international symposium [21]. The quantification of the
hotonic interaction and the electrical activity of neurons within
he human brain [6,18] might also help harmonize the apparent
ichotomy between matter (ions)- and energy (photons)-based
odels of information processing within biological systems [22].

n the history of Science, for example in physics, alternative con-
iderations for apparent matter-energy dichotomies opened new
erspectives. Here we report the replication of previous observa-
Please cite this article in press as: B.T. Dotta, et al., Increased photon emissi
changes in electroencephalographic power: Support for Bókkon’s biophoton

ions that demonstrated a specific type of cognition was  associated
ith reliable increases in UPE from the cerebrum and in addition

how that the magnitudes of these photon emissions were strongly
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correlated with a specific band of power within the spectrum of
quantitative electroencephalographic (QEEG) activity.

According to Popp living systems emit in the order of
106 UPEs per m2 s [7,19,23]. Assuming an average wavelength of
500 nm (0.6 petaHz), the energy (the product of the frequency
of the electromagnetic wave and Planck’s constant) would be
∼4 × 10−19 J for a sum of about 4 × 10−13 W/m2. This value is just
above the background energy densities (∼10−13 W/m2) for cos-
mic  rays near the earth’s surface and that produced from natural
radioactive isotopes from the atmosphere and ground [15]. Recent
direct measurements of melanoma cells when removed from incu-
bation temperatures have shown photon emissions of ∼10−20 J per
cell per s. These values are measured reliably and can be tempo-
rally altered by treatments that affect the cell’s plasma membrane
[8,9].

The value of 10−20 J is congruent with the energy between
the individual ions (potassium) that are most correlated with the
resting membrane potential of cells [18]. In addition, the effect
of a single action potential (net change of 1.2 × 10−1 V) upon a
unit charge (1.6 × 10−19 A s) is about 2 × 10−20 J. This “quantum”
of energy is also the amount required to stack a nucleotide on
on from the head while imagining light in the dark is correlated with
 hypothesis, Neurosci. Lett. (2012), doi:10.1016/j.neulet.2012.02.021

a synthesizing RNA sequence as well as other essential biophys-
ical parameters [18]. Interestingly, a photon with a wavelength
of 500 nm whose frequency was  phase- or frequency-modulated
through intrinsic processes that were equivalent to a net change of

dx.doi.org/10.1016/j.neulet.2012.02.021
dx.doi.org/10.1016/j.neulet.2012.02.021
http://www.sciencedirect.com/science/journal/03043940
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Fig. 1. Means and standard errors of the mean for the z-scores (standardized for

significant correlation (r = 0.13, p > 05) between the energy of bio-
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10−20 J, would require a shift in � of only 10 nm. This is the width
f the neuronal membrane.

UPEs, coupled to intrinsic theta activity, from rodent hippocam-
al slices have been measured to be in the order of 10−13 to
0−12 W/m2 [13,14]. In human beings there is evidence that intrac-
rebral changes in biophoton activity are related to consciousness
nd phosphene phenomena. In extraordinarily original and inno-
ative articles Bókkon [1–4] hypothesized that biophotons may
ctually be the information from which dreams and visual images
uring the waking state are constructed. Recently Wang et al. [24]
ested Bókkon’s hypothesis and was the first to demonstrate spon-
aneous and visible light-induced photon emission from rat eyes.

A strong temporal association between cerebral photon emis-
ions and quantitative changes in global brain activity is also
redicted by Bókkon’s hypothesis. In previous studies we  showed
hat during brief intervals when an exceptional person [12] or nor-

al  volunteers [10] sitting in the dark imagined white light there
ere reliable and very statistically significant increases in photon

missions at 15 cm from the right but not the left hemisphere. This
arked right hemispheric increase was obvious both within sub-

ects over repeated trials and when group averages were calculated.
The net increase, which was not evident when the subjects

elaxed and engaged in mundane thinking and accommodated
ore than 25% of the variance, was about 3 × 10−11 W/m2 or the

quivalent of about 107 action potentials per second when the
ross-sectional area of the brain was accommodated. In the present
tudy we replicated this right hemispheric increase in photon emis-
ions and in addition demonstrated their strong correlation with
pecific frequencies of cerebral electroencephalographic activity.

In the first experiment, 8 volunteers (ages 23 through 26; 4 men,
 women) were dark adapted while they sat blind folded in a dark
oom that was sealed from extraneous light as demonstrated by no
hange in PMT  measures when external lightning was reversibly
ctivated. To replicate the procedures for the previous study [10]
e measured the photon emission with a Model 15 Photometer

rom SRI Instruments (Pacific Photometric Instruments) with a pho-
omultiplier tube (PMT) housing (BCA IP21) for a RCA electron tube
no filters). The PMT  was placed 15 cm away from the right side of
he head in the same plane as the temporoparietal lobes. Calibra-
ion by several methods [8,9,11] indicated that a change of 1 unit
ithin the medium range of the 0 to 100 unit meter was equivalent

o 5 × 10−11 W/m2. The output was transformed to mV  (millivolt
eter) and sent to the photometer and IBM ThinkPad laptop (Win-

ows 95) in another room where samples were taken three times
er second (the limits of the software).

Instructions to think about white light (60 s) and project the
ight into the PMT along the right side of the head followed rest or
baseline” intervals (also 60 s, most of which involved either no rec-
llection or thoughts about friends or studies) were given vocally
rom another room and repeated three times. The means for the
MT values for each of the 6 intervals (3 thinking about light, 3
ot) were obtained for each subject. The mean and the standard
eviations for these 6 values were obtained and z-scores were cal-
ulated. The mean z-scores for the three intervals of “thinking about
ight” and for the three comparison intervals (casual thinking) were
nalyzed. Paired t-tests were completed to discern any statistically
ignificant (p < 05) changes between the relaxation and “imagining
ight” periods.

The results are shown in Fig. 1. There was a statistically signifi-
ant increase [t(7) = 12.50, p < 001] in UPE while the subjects were
hinking about white light compared to not thinking about light.
his increase was noted for all 8 subjects. The condition of thinking
bout light compared to the reference condition accommodated
Please cite this article in press as: B.T. Dotta, et al., Increased photon emissi
changes  in electroencephalographic power: Support for Bókkon’s biophoto

4% of the variance. The net difference in energy emission between
he two conditions ranged between 0.5 and 2 units or between
5 and 100 pW/m2. In general from the time of the instruction to
within-subject measures) of the changes in photon energy measured during inter-
vals of “imagining white light” while sitting blind folded in the dark or not imaging
light (casual thinking). The absolute increase is ∼10−10 J/s m2.

imagine white light to the first increases in photon emission above
background fluctuations was  about 4 s. During the 60 s intervals of
imaging white light the durations of the elevations in UPE occurred
in cycles of approximately 7–9 s peaks followed by 3–4 s troughs.
This was  not observed during the intervals of the reference con-
dition. These fluctuations suggest that the averaged values for the
UPE per 60 s interval may  be underestimates of the peak output.

During the PMT  measurements for the same instruction pro-
cedure in the second experiment quantitative EEG (QEEG) was
recorded at 250 Hz with a Mitsar-201 amplifier equipped with 19-
channel sensors [12] for 3 subjects. We  employed this “in triplicate”
approach from biochemistry because we  assumed that if Bókkon’s
hypothesis were valid, the coupling between power measures in
photon emission and EEG power during the same cognitive states
would be extremely strong. We  also reasoned that any opacity from
the EEG cap would not be an issue because we were interested in the
strength of the temporal correlates with quantitative fluctuations
in UPE.

According to our usual protocol [12] spectral analyses and power
in �V2/Hz were integrated over traditional frequency bands by
using Matlab software for the delta (1–3.9 Hz), theta (4–7.9 Hz), low
alpha (8.0–10.5 Hz), high alpha (10.6–13 Hz), low beta (13.1–20 Hz,
high beta (21–35 Hz), and gamma  (35.1–50 Hz) frequency bands.
The averaged UPEs from the right hemisphere as measured by the
PMT  for each interval were correlated with EEG power (in �V2/Hz)
values from artifact-corrected records for each interval for each of
the 9 intervals (3 for each of 3 persons) of “thinking about light”.
A separate correlation was completed for the 9 intervals when the
subjects were not thinking about light. Correlations (Spearman rho
and Pearson r) were employed to discern the strength of associa-
tions between fluctuations in photon emission energy and power
within specific EEG bands.

As can be seen in Fig. 2, the correlation between the average
fluctuations in quantitative EEG power (sum of all bands) over the
left prefrontal region for the intervals of “imaging light” and the
fluctuations in UPE from the right hemisphere was  0.95 (p < 01). On
the other hand the energy for photon emissions was negatively cor-
related with the power within the beta band (13–20 Hz) over the
right frontal (rho and r = −0.65, p < 05) lobe with marginal effects
over the right temporal lobe (T4, r = −0.40, p < 10). There was  no
on from the head while imagining light in the dark is correlated with
n hypothesis, Neurosci. Lett. (2012), doi:10.1016/j.neulet.2012.02.021

photon emission from the right hemisphere and the EEG power
over the left prefrontal region during the intervals associated with
not thinking about white light, i.e., thoughts about mundane events.

dx.doi.org/10.1016/j.neulet.2012.02.021
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Fig. 2. Regression line and plot for the correlation between photon energy units
(1  unit = 5 × 10−11 W/m2) measured by the PMT  over the right hemispheres and EEG
power (averaged �V2/Hz for all bands) over the left prefrontal regions during inter-
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77–88.
als  of “imagining white light”. These values were not correlated significantly during
eference intervals (casual thinking).

Independent quantitative validations of the PMT’s specific
ensitivity were determined by chemical reactions. The easily dis-
ernable exothermic reaction when lithium chloride is dissolved
n water did not produce any changes in photon emission. This

as tested in our standardized procedure [11] by injecting differ-
nt small volumes of water through intramedic tubing into lithium
hloride within cell culture dishes over the PMT  aperture that was
oused in black box covered with several layers of cloth kept in a
ark room in the basement (windowless) laboratory. On the other
and the injection of 0.1 cm3 of 3% (w/v) of hydrogen peroxide

nto culture dishes containing 6 cm3 of sodium hypochlorite solu-
ion (available chlorine >4%) produced sharp, transient (about 1 s)
ncreases in photon emission of over 50 units. When the quantum
fficiency was accommodated the calculated photon energy was
ithin the same order of magnitude as that expected from the
umbers of singlet oxygen molecules involved with this reaction
11].

The results of this study replicate our previous results that
hen normal volunteers are dark adapted and think about white

ight, reliable, discernable and physiologically realistic densities of
hotons are emitted from the (right side) of the cerebrum. We
elected the simple instruction to “visualize white light” to assess
ókkon’s [1–4] innovative concepts that when a person “generates”
n image during thinking or dreaming there are actual photons
mitted within the cerebral matrices. Given the recent calculations
y Bókkon et al. [4] that photon intensity is higher inside of cells
han outside during “visual perception”, we had reasoned that some
xtracerebral emission (even from visual imagery) should occur at
evels sufficient to be measured in the dark with a PMT. This instru-

ent is required because the actual magnitude of the increase in
hoton emission while thinking about white light compared to
asual ideation was about 100,000 times weaker than star light
mlux) on a clear moonless night.

The effect size of the “right hemisphere effect” for photon emis-
ion during imaging was much greater than the small increase in
lood flow [20], electroencephalographic voltage [16] for alpha
ctivity, or, proportion of white matter compared to the left
emisphere. At a distance of 0.15 m for our system where a

 unit increase is 5 × 10−11 W/m2, the increased photon emission
hile thinking of white light would be equivalent to between 3
Please cite this article in press as: B.T. Dotta, et al., Increased photon emissi
changes in electroencephalographic power: Support for Bókkon’s biophoton

nd 6 × 10−12 J/s when the cross-sectional area of the cerebrum
s accommodated. When divided by the essential quantum of

 × 10−20 J/action potential [18] and assuming an average of ∼20 Hz
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per neuron, this would suggest that an additional 107 (on aver-
age) neurons within the cerebral cortices were activated during
the imagining of light by the subjects.

These values are remarkably similar to those predicted by
Bókkon et al. [3,4] for the numbers of photons involved with the
final stage of non-linear (iterative) biochemical reactions in the
V1 and V2 regions of the cerebral cortices during visual imagery.
The estimates are even more convergent when Bókkon et al’s cal-
culations [4] are considered. For comparison fMRI measurements
during reconstructions of visual experiences can involve voxels
with summed volumes of about 100–150 mm3 [5].  With an aver-
age of ∼58 neurons per 0.001 mm3 within the cerebral cortices, the
total numbers of neurons for this volume would be about 107. In
comparison one cerebral hemisphere contains about 2 × 1010 cor-
tical neurons [17].

One argument that the photon emissions were functionally cou-
pled to cognition was  the strong correlation between the power
spectra of the quantitative EEG during intervals when the light
was being visualized and the absolute increase in UPE. The net
change in EEG power associated with the range in photon density
while imagining white light (vs. not imagining) was  ∼25 �V2/Hz.
When this value is multiplied by the sum of 1 Hz increments
within about 15 Hz (low beta band) the potential is 20 �V. The
net change in energy detected by the PMT  during this activity was
∼2 × 10−9 W/m2 or 3 × 10−10 J from the cerebrum at the measured
distance. The quotient of energy to voltage would be ∼10−5 A s
or the equivalent of 1014 charges. With the summed movement
of about 106 to 107 ions across a membrane [18] to produce
an action potential, this would involve about 107 to 108 neu-
rons.

A particularly intriguing observation was the strong positive
correlation between EEG power from the left prefrontal region
and UPE from the right side of the head but negative correlation
between frontal and temporal EEG power (within the beta range)
over the right hemisphere and UPE. The left prefrontal positive cor-
relation is consistent with the volitional and intentional nature of
the task. However, this inverse relationship between cerebral fluc-
tuation in electroencephalographic voltage and photon levels from
the right hemisphere would be consistent with the principle of
conservation of energy.
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