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On metrology of systems
operating with ’high-penetrating’
emission
Serge Kernbach

Abstract—This work surveys different systems,
which measure the effects produced by a ’high-
penetrating’ emission. It attempts to introduce
metrology of such systems based on multi-parametric
models and synthetic scales. Tests and scores for active
and passive generators as well as for detectors of such
an emission are proposed. As an example, the results
of metrological tests for the LED generator in Relative
Impact Units (RIU) are demonstrated.

I. Introduction

Works dealing with a ’high-penetrating’ emission are
frequently confronted with two major problems: lack
of commonly accepted theoretical background and a
complexity of detecting this type of emission, see
e.g. [1]. Both problems are related to each other –
controversial discussions about theoretical foundations
delay a development of detection and measurement
methods, see e.g. the discussion around [2], [3]. Moreover,
it is practically impossible to develop and implement
metrological foundation due to lack of measurement units
and appropriate scales. In turn, without metrology it
is impossible to certify corresponding generators and
detectors, to evaluate the effectiveness of various treatment
approaches. Thus, the metrology of ’high-penetrating’
emission is de facto related with two following issues. On
the one hand, it concerns a control over corresponding
products, which are already available on the market or
are in preparation for production. On the other hand,
experimental data obtained by certified sensor systems
should be used in developing corresponding theories, which
should provide a reasonable theoretical explanation.

Empirical research over the past several decades
contains a number of diverse methods for detecting
the ’high-penetrating’ emission [4], [5], [1], [6], which
are briefly surveyed in section III. In accordance with
these methods, the ’high-penetrating’ emission impacts
biological objects as well as different technical systems
and processes. The question about metrology was already
discussed [7] and certain certification systems have been

Cybertronica Research, Research Center of Advanced Robotics
and Environmental Science, Melunerstr. 40, 70569 Stuttgart,
serge.kernbach@cybertronica.co

registered1. However, until now, attempts to introduce
a natural scale and units for measuring the ’high-
penetrating’ emission were unsuccessful. There are several
reasons for this: very small changes of the measured
parameters; small absolute values – almost on the level
of instrumental noise; results depend on the measurement
method; lack of a recognized standard source of such
emission; different and often incompatible measurement
systems; the effect of ’unpredictable reproducibility’
of results. In some cases, such as in the certificate
’Biostandart’, the evaluation was performed by human
operators2. Consequently, an instrumental identification
and measurement of impact from a biological or
non-biological ’high-penetrating’ emission is urgently
required.

In such cases, the metrology involves multiparametric
measurement models [8] and introduces so-called synthetic
scales for evaluation. An example is the international
recommendation OIML MR63 (OIML R 63) [9], regarding
oil parameters3. Synthetic scales are also frequently
used in measurement of software performance [10] and
various sociological studies [11]. Characteristically, the
development of standards as well as recommendations
for metrology of oil products was performed by several
research organizations, i.e. not only by ISO4 and OIML5.
In this regard, the Association of Unconventional Research
together with metrological organizations both in Europe
and in Russia might come up with such an initiative.

This article represents the second work in the series
of review papers devoted to different aspects of the
’high-penetrating’ emission. In the first paper [12] the
historical origin of this topic was considered. Here, we
briefly survey the state-of-art in measurement of ’high-
penetrating’ emission and treat metrological aspects of
corresponding systems. It is also indented to demonstrate

1For example, in accordance with the law of the Russian
Federation ’certification of products and services’ the certification
’Biostandart’ was registered in the State Register on 12.02.1998
under the number POCC RU0001.04ЮЩ00.

2Requirement ЦРББ002-97 to bioenergic security devices
and systems that are designed to impact consumers by
eneroinformational potential.

3ISO/TC 28/SC 2 - Measurement of petroleum and related
products.

4International Organization for Standardization.
5International Organization of Legal Metrology.
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peer-reviewed research results in this area, published in
Russian sources. Tests and methodology for evaluating
experimental results based on multiparametric models
and corresponding synthetic scales are proposed. This
work is structured as follows: section II is related to
phenomenological definition of ’high-penetrating’ emission
and different concepts intended to explain the observed
phenomena. Overview of different measurement methods
is given in section III. The methodology, the eight
proposed tests, and the Relative Impact Units (RIU) are
discussed in section IV. Sections V and VI demonstrate an
exemplifying application of the proposed approach for the
LED generator. Finally, the section VII summarizes this
work and draws some conclusions for further research.

II. The ’high-penetrating’ emission

Since a consistent theoretical foundation for a ’high-
penetrating emission’, which is accepted by the majority
of scientific community, is not yet available, we can only
identify and characterize the ’high-penetrating’ emission
phenomenologically.

The influence of ’high-penetrating’ emission means a
physical process, whose effect is measured in biological,
chemical and technological experiments, and the nature of
which is not fully understood at present. Characteristics
of this process are an extremely low level of electric
and magnetic fields, and the exclusion of such factors as
mechanical, thermal, acoustic and other effects. Known
sources of ’high-penetrating’ emission – with similar
experimental evidences – are twisting bodies [13], magnetic
fields [14], laser/LED emitters [15], [16] , [17], geometric
forms [18], [19], [20], hydrodynamic systems [21], spin-
ordered materials [22], alternating electric field with a
rotating polarization vector [23], [24], fiber optic systems
[25], systems with orthogonal magnetic and electric fields
[26], systems with scalar and vector potentials [27], focused
cosmic emission [28], processes that change entropy [29]
etc. – an overview can be found in the [1]. The emission
also influences various biological objects and processes,
participates in nonlocal effects [25]. Similar properties
possess the magnetic vector potential (the Aharonov-
Bohm effect [30]), see e.g. [31], [32]. At the moment it is not
known whether these emission sources are a manifestation
of the same phenomenon, or they are different phenomena
with similar manifestations.

Due to ultra-low electromagnetic fields, this
phenomenon is sometimes referred to as ’non-
electromagnetic’ emission [1]. The concept and theory
of spin-torsion nature of this phenomenon are developed
– the theory of physical vacuum by G.Shipov [2],
phenomenological concept by A.Akimov [14], concept of
own spin fields by A.Bobrov [33], as well as theoretical
works on spin-torsion effects in ferromagnets [34]. Several
hypotheses have been discussed to explain the observed
phenomena. These include: macroscopic ’quantum’
phenomena [35], [36], interacting particles [37], virtual
plasma [38], coherent matter [22], superfluid vacuum
theory [39], causal mechanics [28], different approaches to

entropy [40], [29], the relationship between information
and entropy [41], [42] and others.

The characteristic feature of a ’high-penetrating’
emission is a close connection with various mental
phenomena [43], [44], [45], [46], which are recorded by
instrumental methods. Reviews of engineering problems
in these studies can be found in [47], [48]. However, there
is a fundamental difference between effects produced by
the ’high-penetrating’ emission and by mental phenomena.
The primary does not involve an operator in the
measurement, whereas the latter, e.g. in [49], [50], the
operator’s psycho-emotional state is one of the sensing
elements.

The range of phenomena associated with the ’high-
penetrating’ emission is to some extent different from the
accepted paradigm of scientific research. In this context
it is necessary to point out the social and scientific
debate about these theories and the emergence of so-called
’organized pathological scepticism’ [51].

A. Polarization of ’high-penetrating’ emission

Almost all researchers underline the polarization feature
of ’high-penetrating’ emission. One of the first researchers
who explored this feature was Kozyrev [28]. That work
was extended by his followers, e.g. Lavrentiev [29]. Under
certain conditions, there is an increase or decrease in
response of thermoresistive sensors. Authors attributed
these changes with different polarization of ’chronal
processes’, which can be expressed in terms of entropy
changes. In literature there are also indications to a similar
behavior of solid-state oscillators, exposed to so-called
’right or left’ polarization of electromagnetic generators
[52]. In the papers [6], [7], [53] authors demonstrated
the rotation of the flywheel/gyroscope clockwise and
counterclockwise, which influenced differently the quartz,
magneto-resistive sensors and sensors of radioactivity.
Papers [19] and [54] demonstrate a reaction of bio-
chemical and quartz sensors located at different areas
of pyramids. Changes in the reaction are associated
with the polarization of the emission by geometric
shapes and different entropic processes. Two types of
polarization in non-local experiments are shown in
[26] for technical systems, and in [55], [56], [57] for
biological systems. Different polarization of natural ’high-
penetrating’ emission is also associated with various
geological anomalies [58]. The paper [59] investigated
the effect of amplification and polarization of ’high-
penetrating’ emission by geometric structures, where the
polarization is assumed to be related with entropy. Similar
conclusions can be found in other studies.

Thus, two polarization types of ’high-penetrating’
emission are mentioned, which manifest in the form of non-
specific stimulation or inhibition of biological systems, as
well as of increasing or decreasing entropy in a number of
physical processes (appeared as e.g. changes of statistic
parameters of signals, which are measured by sensors).
At this moment it is impossible to say whether the
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polarization is a feature of ’high-penetrating’ emission or a
manifestation of other effects, such as the PID effect6 [60],
[61], [49], [56], [62].

III. Known approaches for detecting the
’high-penetrating’ emission

As mentioned in the introduction, several methods for
detecting the ’high-penetrating’ emission are found by an
empirical research, see reviews in [4], [5], [1], [6]:

1) operator-based methods (these are not valid
scientific methods and are mentioned here
primarily by a historical reason), such as dowsing,
psychophysical diagnosis [63], building Hatrmann’s
georitmogramm [64], using different radionic devices
[49];

2) macrobiological methods, for example, measuring
the conductivity of plant tissues [65] and calculating
the relative dispersion of conductivity (RDC) [66];

3) microbiological methods, in particular, yeast activity
by measuring the production of CO2 [17], measuring
bioluminescence of bacteria E.coli [32], motor
activity of ciliates spirostom [31];

4) measuring various parameters of chemical reactions,
such as oxidation of hydroquinone solution and
recording a differential absorption spectrum [31], the
hydration reaction of acetic anhydride and recording
an optical density of solution [67], a high-precision
measurement of pH by spectroscopy in visible and
UV regions by the bromothymol blue indicator and a
salt solution SnCl2 [19], the absorption of water and
aqueous solutions in the ultraviolet spectrum [68],
[69];

5) in vitro cell tests, such as the erythrocyte
sedimentation rate [31], [70];

6) gemination tests with seeds of corn, triticale, wheat
and tomato [71], [72], [73];

7) measurements associated with phase transitions,
such as crystallization [74], in particular, ice building
[75], [76], polymerization [77], changes in mechanical
and microstructural properties of metals after
melting [78], an aggregation of homogenate of green
leaves [79], [80];

8) measurement systems ’radioactive source – sensor’,
in particular, a deviation of measured dispersion
from the Poisson distribution [7], [6], [81];

9) structurization of water dipoles in the Gouy-
Chapman electric double layer [82], [83] and a
measurement of dielectric conductivity by using
the differential method [84] or by deeply-polarized
electrodes [15], [85];

10) changes in properties of solid bodies – dielectrics,
semiconductors, ferromagnetics – and detectors
based on resistors [28], [70], quartz resonators,

6The PID effect, translated as a ’transfer of information action’,
is a form of information imprinting approach, which is frequently
mentioned in papers, see references. In all review papers we use this
term for consistency without discussing its scientific aspects.

capacitors and transistors [53], [86], changes in the
magnetic permeability of ferrites [53];

11) changes in some properties of electric fields –
e.g. changes of a dark current of photomultipliers
[87], registering electrostatic potential of objects by
devices like ’IGA-1’ (sensors of electric fields) [25];

12) torsion (rotating) systems, e.g. the Smirnov’s
detector [88], the Kozyrev’s torsion balance [28];

13) changes in density and mass of such substances as
distilled water, graphite, duralumin, – as a reaction
to external irreversible processes [29];

14) changes in statistical parameters of noise in
tunneling (quantum) diodes, transistors [89], [90],
[91] and mechanical systems [45];

15) using nonlocal properties of ’high-penetrating’
emission, such as a transmission of signals over long
distances [15], [92], [16], [93], [71], [73], so-called
macroscopic entanglement [35], [36];

16) measuring the amplitude and phase shift of signals
from RF generators, coupled oscillators or external
electric/magnetic fields, and devices on this basis, for
example, ’ IGA-1’ [94], ’Vega’, ’Seva’ [95] and others;

17) photographic techniques, such as using photographic
plates, polymerization of polymers or the Kirlian
effect [96];

18) a direct detection of spin polarization, for example,
by NMR [97], [22], [4];

19) using the effect of changing the frequency and
amplitude of reflected coherent light [98], [99], [100].

In the next section we will validate several tests for the
metrological analysis.

IV. Selecting metrological tests and
multivariate models

In order to select a multiparametric model, it needs
to take into account several following factors. Firstly,
the model should reflect different properties of the
’high-penetrating’ emission. It must include not only
tests with biological and technological systems, but also
consider such effects, as the PID effect [61], [101], the
’aftereffect’ [102], [103] or nonlocal interactions (the effect
of macroscopic entanglement) [35], [104]. Secondly, these
tests should reflect different characteristics of the emission.
Currently there are known stimulating and inhibiting
effects, which possess varying degrees of intensity. Since
changes of parameters in these tests are different, it is
necessary to introduce weighting coefficients reflecting
these changes. It is also necessary to remove subjective
elements associated with an operator from these tests.
The ’high penetrating’ emission is accompanied by EM
fields and many interactions – thermal, mechanical,
optical and others. During metrological tests, these
accompanied interactions should be carefully monitored
and by possibility suppressed.

Metrological tests should be selected not only from
the viewpoint of scientific methodology, but also
by considering their practicality, time and necessary
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equipment. Analyzing the well-known works on detecting
the ’high-penetrating’ emission in section III, we can
mention eight groups, shown in Table I.

Table I
Selected metrological tests.

N Impact/Effect Test Case Type
1 macrobiological

systems
germination test of wheat (1)

2 microbiological
systems

measuring zymase activity of
yeasts

(1)

3 solid bodies frequency drift of
semiconductor oscillators

(2)

4 EDL of water measuring dielectric
conductivity

(2)

5 statistical
properties of
some processes

measuring statistical
parameters of noise from
Zener diodes in avalanche
mode

(2)

6 phase transitions crystallization parameters or
ice building

(*)

7 the ’aftereffect’ measuring spatial structures
by IGA-1

(3)

8 the nonlocal
effects

a signal transmission over
long distance with minimum
transmitting power

(3)

(1) - % deviation from the test cases;
(2) - absolute deviation from the normal value;
(3) - binary value, ’yes - no’;
(*) - a suitable phase-transition-test is currently in
development.

These tests have three types of results: (1) the relative
deviation of the measured parameter from the reference
value, (2) the absolute value in a certain measuring scale
and (3) a binary (yes/no) result. All these results may
be calibrated in % related to some ’expected’ value in
a ’normal’ or ’control’ experiment in which this effect is
absent.

Let us denote N these tests as Φ = {ϕ1, ..., ϕn}, and the
results of each of them as R = {r1, ..., rn}. Because these
results are defined as relative, we expect the values

rji =

(

rji−control

rji−attempt

− 1

)

·100, rji−control > rji−attempt, (1)

or

rji =

(

rji−attempt

rji−control

− 1

)

·100, rji−attempt > rji−control, (2)

where rji−control – the result of a control experiment (or

the expected value), rji−attempt – the result of the attempt.
The indices i are used to identify the test number and
the indices j denote the number of repetition of a single
test. The reason for choosing (1) or (2) is that many of
the tests, such as a reaction of solid-state or EDL sensors
have a specific value rji−control > rji−attempt or rji−attempt >

rji−control, which depends not on the level of emission but
on external parameters such as temperature gradient.

To calculate the ri, we expect that the measurements
(1) or (2) are performed three or more times

ri =
1

N

N
∑

j=1

(rji ), σi =

√

∑N
j=1(r

j
i − ri)2

N − 1
, (3)

where N is the number of repetitions, σi – the standard
deviation. For each of ri the error δi is estimated, which
consists of the systematic error of the method and the
random measurement error

δi = δsystemi + δrandomi . (4)

It must be emphasized that δsystemi should be not
measured from ri, but estimated by evaluating the
method ϕi.

It is assumed that for each ri the confidence interval ±ǫi
and the confidence probability P are defined. Both of these
parameters are also calculated based on the estimates
of ϕi, i.e. based on a large number of samples. Since
these tests are not equivalent to each other, the level of
significance qi should be determined. The example values
of qi are shown in section VI. In following we denote the
set of {Φ, R,∆, P,Q} as the n-parametric measurement
model.

In order to compare the test results with each other,
it is necessary to put these results on a scale, to
define the origin of the scale and to select the unit
of measurement. This scale should be also consistent
with some other related scales, e.g. [105]. As previously
mentioned, synthetic scales are often used for complex
mutiparameteric models. A simple scale can be given by

ζ =
1

N

N
∑

i

kiri, (5)

where ki are weight coefficients.
As already noted, all tests Φ are calibrated in %

in relation to a ’normal’ (non-impacted) process. The
stronger the ’high-penetrating’ emission deviates a normal
process, the higher is the value of ζ. Therefore, this scale

is a measure of how much a process is deviated by the

influence of a ’high-penetrating’ emission from its normal

course. In various thematic groups different names for
these scales are proposed. We propose a neutral name –
the Relative Impact Unit (RIU).

The zero value of ζ corresponds to zero values of ri and,
consequently, the absence of changes in the experimental
tests, i.e. the absence of the emission. Coefficients ki serve
as weighting factors when calculating the final value ζ
and de facto are calibrated with respect to some emitting
device with fixed parameters such as frequency, spectrum,
intensity, etc. Since a large number of experiments have
been conducted with the LED generator, which confirmed
its effectiveness, and this device is available on the market
(as well as can be built by hobbyists), ki are calibrated
with respect to the LED generator. Alternatively, as a
calibration source, the usage of rotating objects, such as a
disk of a certain mass, diameter and rotational speed, can
be proposed.
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The impact of the ’high-penetrating emission’ can be
both stimulating and inhibiting (from biological point of
view), however most of the technological sensors are unable
to measure this feature. Therefore, the value of ζ in the
expression (5) is a positive value. To assess the stimulatory
or inhibitory factor, results of chemical (e.g. [19]) and
biological tests can be mentioned additionally.

A. Reproducibility of results

Authors in [70] noted that the emission from generators
cannot be detected in 25%-30% of all cases. In [15], [106]
it is shown that a response from only 45% to 50% of EDL
sensors is obtained by a parallel registration with 9 sensors.
In other words, only 4-5 different sensors responded to the
impact. The work done by [25] describes nonlocal multi-
day experiments, where on some days the sensors showed
no reaction whereas during all other days the response was
significant. The paper [107] demonstrates that in average
30%-35% of solid-state sensors have shown no reaction
on the impact. A majority of serious researchers noted a
similar phenomenon of ’unpredictable reproducibility’ of
experimental results.

For critics this fact leads to the conclusion that the
’high-penetrating’ emission is missing and sensors record
some fluctuations, which accidentally coincide with the
time of experiment. However, we repeat two hypotheses
expressed in [92] and [25], that:

• used generators are not a single source of ’high-
penetrating’ emission in experiments. These emission
sources might interact with each other.

• one or more other factors can be involved in the
transmission mechanism from generators to sensors,
whose impact is not yet understood. For example,
a signal transmission can be interrupted by some
astronomical events [25]. This effect is similar to an
impact of solar activity on the radio transmission. The
papers [6], [7], [29], [53] demonstrate also the influence
of ’aftereffect’ on different sensors and degradation of
sensors during repetitive long-term measurements.

Therefore, we propose the following measurement
approach. Generators and sensors are activated for a
period of 24 hours with 1 hour exposure and 3 hours pause.
In other words, there are 6 influences of 1 hour duration.
From those three experiments, those with the best results
are selected. For analysis, we record data 3 hours before
exposure, one hour exposure and 3 hours after exposure
- in total a time window of 7 hours. The experiment is
considered as positive if sensors showed a response during
60 minutes of exposure (i.e. impacts outside of the 60-
minute-window are ignored). If during 24 hours less than 3
positive results are received, the residual experiments are
evaluated as negative. For example, if only two positive
results are obtained, we add one negative result. For these
results a statistical significance is calculated, for example,
by using the Mann-Whitney U-test or the chi-square test,
with respect to a zero hypothesis regarding a random
nature of the obtained results, see examples in [15], [25],
[106].

V. Example of tests

In this section we demonstrate an application of the
proposed approach to the LED generator. This choice is
primarily motivated by a large number of results obtained
for this emitting device during more than 10 years of
research. In these tests, we indicate only an estimation
of errors, reduced to the accuracy class of measuring
instruments, i.e. the normalized error such as 0.01%,
0.1%, 1%, 1.5% etc. It serves mainly for a qualitative
comparison of accuracy between different methods. For a
more accurate calculation of errors and statistical analysis
it is necessary to refer to the original works. This is also
related to the confidence probability, whose calculation has
not been carried out due to a small number of accumulated
data in several tests.

A. Description of the LED generator

Influence of the spectral LED light on biological
organisms is well known, see e.g. [108]. In the literature
there are known works about reactions of cellular
metabolism on different light spectra [109], IR [110], red
and blue spectra [111], blue and green spectra [112] as well
as combinations of different types of LED emission [109].
Technical recommendations for plant research [113] were
developed, different emitters and spectra for physiotherapy
[114] were examined. Research was also conducted to
explore the impact of LED light on tissue of animals, in
particular, rats [115], [116]. Some studies reported on the
impact of LED emission on a cognitive ability of computer
users [117].

LEDs can operate in a specific mode of high-forward-
voltage/supershort-activation-pulses with a high pulse
current (hundreds of amps for the LED generator). It
was demonstrated that, in addition to electromagnetic
emission, LEDs emit in this mode also a ’high-penetrating’
component [17], [118], [119], [15], [106], [120]. This effect
was discovered in 1997 by A.V.Bobrov first for the
laser-, and then for the LED-light. At present there are
LED generators developed by Bobrov and by Kernbach,
see Figure 1 (both generators are also replicated by a
number of hobbyists). Despite different designs (Bobrov’s

(a) (b)

Figure 1. LED generators: (a) developed by A.V.Bobrov, (b)
developed by S.Kernbach.

generators use analog elements to activate LEDs, the
Kernbach’s generators use digital components), both
versions utilize the same effect. In this paper, both devices
will be denoted as the ’LED generator’. Design details
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of these devices are described in [15] and [121]. The
metrological tests are conducted for the LED generator
with four emission spectra: 470nm (LED C503B-BAS-
CY0C0462, 11000 mcd), 527nm (LED C503B-GAN-
CB0F0792, 34000 mcd), 594nm (LED TLCY5800, 24000
mcd), 620nm (LED TLCR5800, 35000 mcd). Primary and
secondary modulations are 6kHz and 8Hz.

B. Suppression of accompanying interactions

For metrological tests it is necessary to extract ’high-
penetrating’ components from many electromagnetic,
thermal, mechanical and other interactions. An example of
suppressing EM fields in the macro- and micro- biological
tests is shown in Figure 2. Here, either the LED generator
or biological samples are placed in thick-wall grounded
metal containers. In other tests, see [25], [121], not only

(a) (b)

(c) (d)

Figure 2. Suppression of accompanying EM fields in
experiments (a,b) of wheat germination and (c,d) CO2

emission of yeast.

EM, but also thermal, mechanical and acoustic impact
factors are carefully isolated. In those experiments, data
from several temperature sensors, accelerometers and
sensors of EM fields are recorded. Since to suppress
an environmental thermal impact is hardly possible,
the dynamics of all measured data was split into two
components: fast changes in the range of 30-60 minutes, for
which the measured factor of ’high-penetrating’ emission
was in charge and slow changes within 180-240 minutes,
for which the temperature fluctuations are responsible.

C. Test ϕ1: macrobiological test

For macro-biological tests the biological morphogenetic
processes during germination of seeds are selected. This
test is a widely used method for analyzing various impacts,
see e.g. [122], [123]. Germination of wheat was evaluated
at t = 144 − 160 hours as the ratio of the experiment –
the impact of generator with penicillin filter enclosed in a

grounded metal container – to control attempts. Penicillin
filter was included in the test, because a large number
of results in local and nonlocal experiments [55], [124]
was obtained for this filter. Number of grains in each
container - 200 pcs, the test was repeated 3 times. The
following results were obtained for the control attempts
– 94%, 82%, 88% and for the experiment 98%, 96%, 93%,
respectively, see an example in Figure 3. Thus, we obtained

G1 G2 G3

Figure 3. Example of a macro-biological test with the
germination of wheat. The containers G1 is the control attempt,
G2, G3 are different experimental containers. Each container
contains 200 grains. Round labels mark not-germinated-seeds.
Data from the work [124].

r1 = 9.0034% and the standard deviation σ = 7.0248
for this test. The systematic error of this test depends
on several factors: (a) keeping equal temperature, light
and humidity conditions, electromagnetic fields and other
influences for control and experimental containers; (b) the
type of pre-treatment (e.g. co-soaking of seeds), which are
used for the control and the experiment; (c) a variation
of germination, which depends on a season, interactions
(e.g. electrochemical) between seeds during germination,
a quality of seed material, etc. When using a thermostat
and a large sample size (the number of seeds for analysis),
we estimate the error for (a, b) in the area of < 1.5%. The
errors for (c) are difficult to estimate, we leave this issue
open. The random error depends on the number of seeds,
the random measurement error for 200 seeds in a container
is less than 0.5% (see more in [55]).

D. Test ϕ2: microbiological test

In this section we refer to the work [121], which
presents data obtained with the Bobrov’s generator. After
calibrating the experimental setup, we expect similar data
also for the Kernbach’s generator. We refer to [121] who
states that: ’The experiments were performed on dry yeast.
Cell activity was measured by the amount of produced gas
in the population by recording the indicator of zymase
activity (ISA). Efficiency was determined on results of
a series of ten or more experiments, each of which were
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impacted in the same way. The control group was not
exposed to the emission. The duration of each experiment
was determined by the average value of ISA in control
populations: the experiment ended after reaching values
of 280 - 300 units (divisions of a scale). The effectiveness
was defined by comparing the average (based on the
entire series) values of ISA in experimental populations
with the average value in the control group. Mean values
were determined by averaging the ISA values measured
in corresponding populations in all experiments. In each
series of experiments, the number of samples – to draw
conclusions about effectiveness of a particular impact –
ranged from 30 to 120 numbers’. Figure 4 shows a
diagram from that work. For further analysis, we choose
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control
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laser
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green LED

(a)

Figure 4. Indicators of zymase activity of yeast under the
influence of laser and light-emitting diodes, EM shield – 25mm
thick steel, the exposure - 88 sec, data from [121].

the first three indicators for LEDs published in that work:
the control – 307, 324, 284 and the experiment – 330,
338, 340, respectively. The mean is r = 10.5103% with
the standard deviation σ = 8.1303. The estimation of
errors was not done in the paper [121]. From our point of
view, the systematic error also depends on environmental
conditions, similarly to the macro-biological test, and can
also be accepted at < 1.5%. Random error is dependent on
the accuracy of the weighing the yeast, sugar, water, and
accuracy of measuring CO2. By using the exact weights
of the class ’1 mg’ the random measurement error is less
than 0.5%.

E. Test ϕ3: solid-state sensors

In the literature we can find a number of reports about
semiconductor [86], [125], [126], capacitor [127], resistor
[28], inductive and quartz sensors, as well as devices based
on them [70], [93], [128]. The solid-state sensors are well
suitable for mobile and handheld sensing devices, however
they have essential disadvantages such as a small variation
of measured parameters and relatively high temperature
coefficients (high dependence on temperature). Sensing
devices based on solid-state sensors often use unique design
solutions to overcome these difficulties.

We used for this test an inductive version of the
conductometric sensor7 [59]. There are two independent

7Despite this sensor is not ’classically’ solid, its characteristics are
close to this class of devices.

LC Colpitts oscillator with a high frequency (up to 1
GHz) transistor. Oscillators are tuned to the frequencies
between 10MHz and 30MHz. Analog parts are shielded
and implemented as separate modules, the digital part is
implemented with PSoC 5 CY8C5588AXI-060 chip with
a clock frequency of 75 MHz (stabilized by a crystal
oscillator).The analog part is covered by the structural
amplifier, made from a set of hollow cones. Due to this
technical solution, sensor elements are ceramic capacitors
with the dielectric Y5V, a semiconductor material of
the high-frequency transistor and a special design of the
inductance. Sensor responses to an impact of the ’high-
penetrating’ emission by changing the frequency. The
digital part performs the functions of frequency meter,
analog-to-digital converter for temperature sensors and
supports USB interface. The circuit can operate in a
differential mode or as two different sensors. Since the
sensor has only a small non-linearity at small temperature
changes, the expected frequency is estimated by a linear
extrapolation of dynamics.

The Figure 5 shows the results of tests with the
reaction of inductive sensors on the LED generator.
Expected frequencies are 24.24561MHz, 24.24573MHz,
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Figure 5. Response of the inductive sensor on the impact of the
LED generator. Gray line shows the impact time, the distance
between the generator and sensors is about 0.4 meter; (a, b)
Changes of temperature during the experiment; (a, d) Changes
the frequency during the experiment, data from [59].
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24.24569MHz, measured frequencies are 24.24553MHz,
24.24565MHz, 24.245615MHz respectively. The average
deviation of the frequency is r = 3.2308 · 10−4%, the
standard deviation σ = 1.1906 · 10−5. The systematic
error of this method depends on two factors: (a) the
quality of the temperature insulation and (b) conversion
efficiency of the ’high-penetrating’ emission into electrical
parameters. Since a large statistics for factor (b) does
not exist, we can estimate this error at < 1% based on
repeated measurements. The random measurement error
for the PSoC 5 chip is low, about 0.01%.

F. Test ϕ4: deeply-polarized electrodes based on EDL

Tests on the reaction of deeply-polarized electrodes
(EDL sensors) were conducted many times and described
in [15], [118], [119], [17]. Sensors based on deeply-polarized
electrodes are very sensitive conductivity-measuring-
circuits with two- or four- electrodes operating at a
constant current. Electrodes made from platinum or steel
are immersed in a bi-distilled water. The digital part of the
chip uses the PSoC 5 CY8C5588AXI-060 with 20-bit delta-
sigma ADC. This chip is also used to collect data from
sensors and to support USB interface. Changes caused by
the ’high-penetrating’ emission are detected as changes of
DC current.

Analysis can be performed for signals, published in [106].
Sensor response to the LED generator is shown in Figure
6. Typical reaction of the sensors are the response time t2
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Figure 6. Reaction of EDL sensors on the impact of
the LED generator. Gray line shows the impact time, the
distance between the generators and sensors is 0.5 ± 0.15 m;
(a) Temperature changes during the experiment C202; (b)
Changes of the current sensor during the experiment C202,
data from [106].

and the current deviation ∆I from its expected value for a
fixed time interval. This relationship can be used to assess
the performance. For example, for an interval t2 = 120
min. we received the expected I = 13.341µA and the
actual I = 13.258µA. The Figure 7 shows two other sets
of sensor data from the experiment C213 (data from the
work [106]). For further analysis, we can take the expected
value of I = 13.341µA, I = 10.275µA, I = 12.7µA and
the measured values of I = 13.258µA, I = 10.34µA,
I = 12.5µA. This corresponds to r = 0.9528% and
the standard deviation σ = 0.5604. The measurement
error consists of several factors: the systematic error of
measuring small currents ∆I, caused by temperature
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Figure 7. Response of EDL sensors on the impact of the LED
generator. Gray line indicates the impact time, the distance
between the generators and sensors is 1.3 ± 0.15m; (a,b)
Changes of current from two sensors S5S3 and S5S1 during
the experiment C213, data from [106].

fluctuations during t2 (they can be estimated by the
level of temperature fluctuations), and the random errors
caused by other factors (e.g. mechanical impacts). In
general, we can estimate the systematic error at the level
of < 0.5%, and the random error at the level of 0.1%.

G. Test ϕ5: statistical properties of random processes

Experiments with probabilistic events are well-known.
One of the first of such experiments is reported by
L.E.Rhine and J.B.Rhine related to impacting outcome
of the dice by an operator [129]. It also needs to
mentionthe works [44], [130], [131] about experiments with
the random number generators (RNG). This work began
in the 80s [48] and conducted on a set of random event
generators (even including mechanical ones [132]). For
example, in [133] authors point to a worldwide network
of RNG devices and relationship with anomalies and
events such as September 11 (2001), the World Cup, local
holidays [134] etc. There are also papers, which describe
a relationship between emotional states of an operator
and the anomalies of RNG [45] as well as about joint
biological/RNG experiments [135]. The work [101] shows
RNG used in the spin-torsion experiments.

There are several methods of assessing data from
RNG. For example, the authors in [91], [135] use the
accumulation of deviations, both in time and in different
RNGs. This approach is based on the well-known assertion
that the value of

N
∑

i=1

Z2 =

N
∑

i=1

(

xi − x

s

)2

, (6)

has a χ2 distribution with n degrees of freedom, where x
is the expected mean value, s – the standard deviation.
For each value of xi, obtained from RNG, the values
z = xi−x

s are calculated, which are summarized for each

hour zH =
∑

zi√
N

, where i = 1...3600, N = 3600. For

each of zH the value χ2
ij =

∑

z2Hij are summarized,
where the i index takes values of hours (or the duration
of the experiment , 1 ... end of the experiment) and
the index j indicates the number of RNG (authors in
[135] used three different RNG). Results are normalized as
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zi,j =
√

χ2
ij × 2 −

√
i× 2− 1 (see the work [136, p.517]).

The cumulative function, combining zij by using ’inverse
normal method’ [137, p.39] zcd(i) =

∑

ij zij/
√
3 for three

RNG (j = 1...3) is plotted as a function of the hour i. For
the confidence levels of 0.95 and 0.99 the critical values of
z are in the range (-1.645 — +1.645 ) and (-2.33 — +2.33)
for the errors of the first kind (zα) and (-1.96 — +1.96) and
(-2.575 - +2.575 ) for the error of the second kind (zα/2)
respectively (see [138, p.303]).

For this test we developed a special device, which
utilizes two semiconductor noise sources – Zener diodes
operating in the avalanche mode. Feature of this circuit
is its capability to analyze the analog noised signal
obtained directly from diodes (i.e. without a simple
interval-based conversion to ’1’/’0’). This significantly
raises the sensitivity of this device. Analog-to-digital
conversion and pre-processing of digitalized signals occurs
on the microcontroller ATMega328P. Received data –
about 1000 samples per second – are sent via USB to the
computer for further statistical processing. Due to a large
amount of data this sensor requires a significant amount
of computational resources. Like in the case of solid-state
sensors, the analog part is located close to the structural
amplifier.The sensor can be operated as a differential
sensor or as two independent sensors. The output of this
sensor is the calculated value of z, characterizing statistical
parameters of the noise. Without impact of the LED
generator, the value of z is within -1.645 — +1.645 and
-2.33 — +2.33 for different confidence levels. When the
LED generator exposes the RNG sensor, the value of z
goes beyond those critical boundaries.

The Figure 8 shows results of an experiment with
the LED generator and the semiconductor RNG, data
from [107]. To evaluate the impact, we can choose a
relation between the maximum of z, obtained during
the experiment (z = −2.236305, z = −2.514232, z =
−2.383765) and the significant value z0.95 = −1.6545
for further analysis, i.e. z0.95 is the expected value. This
corresponds to r = 43.7353% and σ = 8.4043. Since the
analysis is based on a very large amount of data — 107−109

samples — thus the systematic and random errors of this
method are very low and can be taken as < 0.01%.

H. Test ϕ6: phase transitions

Tests based on the phase transitions can be performed
with different materials, taking a liquid form. The most
convenient materials are water or liquid polymers. Very
interesting material for this test is represented by the
homogenate of green leaf [79]. Molten metals, despite a
large number of published results, e.g. [78], can hardly be
used in conditions of most testing labs.

There are known experiments with the evaporation
and freezing of water. Authors in [139] evaporated
aqueous copper sulfate solution at a room temperature.
A relationship was established between the frequency of
the generator and the crystal size. Evaporation of water
and analysis of the crystals was also performed in [74]. In
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Figure 8. Impact of the LED generator on the semiconductor
RNG. Gray line indicates the impact time of the generator, the
distance between the generator and the sensor 0.4 meter; (a,
c) Changes of temperature during the experiment; (b, d, e)
Changes of the cumulative value z, calculation is based on (6),
see the text. The significant values of z = −1.65 and z = −2.33
are shown, data from [107].

[140] the kinetic curves of isothermal water evaporation are
analyzed. In the papers [75], [76] authors visually analyzed
crystals obtained by freezing the water. However, in all
these studies, in addition to demonstrating the effect, they
also experienced difficulty obtaining quantitative data for
numerical analysis.

To obtain quantitative data we can analyze dynamics
of the ice-building and some properties of plastics,
polymerized under the ’high-penetrating’ emission [77].
The freezing of water depends on many factors, for
example, the water activity [141], the presence of solid-
phase-nuclei (ice nucleation) and other factors. Moreover,
the dynamics of freezing involves several phases, which
are used in many devices, such as the water purification
systems [142]. For analysis and modelling of ice-building,
the spin quantum mechanical concepts are also involved
[143].

Currently phase-transition tests with water and
polymers are under development and therefore are not
included in this review. In the future, as quantitative
results are obtained, the set of metrological tests will be
updated.
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I. Test ϕ7: the ’aftereffect’

The ’aftereffect’, also known as the ’phantom effect’
[62], [144], [1], [6], [7], [145], [33], [29], [80] manifests by
appearing with some ’spatial or functional’ structures,
produced by generators and continue to be present even
after switching off these generators. These structures
are measured by devices such as the IGA-1, inductive,
EDL or solid-state sensors. An open discussion exists
about whether these effects can be attributed to a
’high penetrating’ emission, or to other, e.g. electrostatic,
interactions. In several experiments, the laboratory was
cleaned to remove possible electrostatic charges after
removing generators, however, it seems the ’aftereffect’ is
still remained. Following arguments from the above-cited
references, we currently tend to assign this effect to the
’high penetrating’ emission (although several issues are
still remained open).

’Aftereffect’ tests for the LED generator have been
performed several times by different groups of experts
and are published in [102], [103]. To assess the effect in
all those cases, we used the device IGA-1, the tests were
conducted with the Bobrov’s and Kernbach’s generators,
see Figure 9. These tests were carried out in a similar
way: (1) the measurements of spatial environment around
the generators before switching on these generators were
performed, (2) the generators were switched on for a
time from several hours to several days – at this point
a second series of measurement data were collected,
(3) the generators were switched off and the third
series of measurements were performed. Comparing the
results from all measurements, we came to the conclusion
about the existence/non-existence of the ’aftereffect’, that
being,– the existence of spatial structures, which did
not exist before the experiments, appeared during the
operation of generators and existed several hours after
switching off and removing the generators.

x x

у

у

2 1

1

2

Figure 9. Test of the ’aftereffect’ for the LED generator. Axes
x1, x2, y1, y2 show the movement of the operator’s hand with
the device IGA-1 , image from [103].

The ’aftereffect’ can be measured quantitatively, for
example, by the existence time of spatial structures,
or qualitatively, by the fact of their existence. Since
properties of this effect are largely unknown, we will only
use the qualitative approach. Three positive results of
the ’aftereffect’ test, produced by the LED generator and
measured by three groups of independent experts, will be

used in further analysis. Due to a qualitative assessment,
the errors of this method are not calculated.

J. Test ϕ8: the non-locality effect

The non-locality effect means a kind of macroscopic
entanglement [35], [36], when parts of a system are
correlated with each other despite a considerable distance
between them. The effect of the microscopic quantum
entanglement is used in so-called quantum computers.
The effect of macroscopic entanglement is currently in the
research and can potentially be used for communication
over long distances [104], [93], [128], [16].

The experiments were carried out on the signal
transmission over long distances, as described in [25], [16],
[55]. The distance between the transmitter and receiver
varied between 1.5 and 50 meters for short distances and
1.65 and 13800km for long distances. In those experiments,
the EDL and biological sensors are used. Generally over
200 tests have been performed. As an example, data from
the experiment C235-C236 — the distance of 1.65 km
between the LED generators and EDL sensors – are shown
in Figure 10. The LED generators worked for 24 hours
with the period of 4 hours. Sensors demonstrate a distinct
modulation of the received signal with the period of 4
hours.
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Figure 10. Experiments C235-C236 at the distance of 1.65
km between the LED generators and EDL sensors. Gray lines
show the impact time of the LED generator. Modulation of the
received signal is clearly visible, data from [25].

The results of this test can also be assessed qualitatively
or quantitatively. Since the properties of this effect are
also not yet fully understood, we will use only qualitative
results such as ’yes’ – ’no’. The non-locality tests of the
LED generator can be evaluated as positive, and three
positive results can be used for further analysis (without
estimating errors).

VI. Analysis of results

Data from all tests are summarized in Table II. Since
all results ri are between 10−4 and 102 , it is necessary
to represent all values on the same scale, such as 102,
by appropriate weighting coefficients ki. This approach is
consistent with the level of significance equal to qi = 1
for all tests. Applying the expression (5), we obtain the
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Table II
Results of metrological test results for the LED generator and its evaluation in the RIU scale.

Test Result ri,
mean, %

Standard
deviation σ

Number of
replications
N

Systematic
error δsystem

Random error
δrandom

Weight
coeff. ki

ϕ1: macrobiologic test 9.0034 7.0248 3 < 1.5% 0.5% 10
ϕ2: microbiologic test 10.5103 8.1303 3 < 1.5% 0.5% 10
ϕ3: solid-state sensors 3.2308 · 10

−4
1.1906 · 10

−5 3 < 1% 0.01% 10
5

ϕ4: deeply-polarized electrodes 0.9528 0.5604 3 < 0.5% 0.01% 100
ϕ5: test on statistic properties 43.7353 8.4043 3 < 0.01% 0.01% 1
ϕ6: phase transitions — — — — — —
ϕ7: the ’aftereffect’ 3 — 3 — — 10
ϕ8: the non-locality effect 3 — 3 — — 10

ζ = 56.7703

value of ζ = 56.7703. This value is an efficiency indicator
of the LED generator in the RIU scale. Both biological
tests showed a stimulating effect of the LED generator.
Some studies compared the impact of the LED generator
and psychically-gifted individuals on technological and
biological sensors [55], [57], [25]. Based on a subjective
evaluation of operators involved in these tests, it has
been estimated that the effect of the LED generator and
psychics was qualitatively ’similar’.

Analyzing errors of different tests it can be assumed that
the systematic error can be minimized by averaging the
results between the tests. For example, results of some
tests can be used to estimate the expected parameters
of other tests and thus to reduce the overall uncertainty.
According to the errors-addition-rule, however, we expect
the overall random error at 1%.

Comparing the results for the LED generator with other
generators, we can relate this device to the ’middle-range-
efficiently’ emitters. It’s primary use consists in performing
small laboratory experiments, devices of individual/non-
drug therapy in medical practice, various work with the
stimulation of plants, etc. – i.e. where a large ’emission
intensity’ can be harmful. Structure and production (re-
production) of this device is not complex and basically it
uses the same circuits, thus we can consider this emitting
device as a calibrating instrument for other generators.
This idea was also expressed by A.V.Bobrov. Since the
weights ki are chosen in relation to the LED generator, de

facto we will use this approach for further tests.

VII. Conclusion and some open questions

In this paper we briefly surveyed various methods
for detecting the ’high-penetrating’ emission. The issue
of detection and measurement is vital for this area of
research, wherein the emission is hard to register with
usual instruments. This work represents the second part
of the review, devoted to the issue of ’high-penetrating’
emission. The first part was published in [12] and considers
historical aspects of Soviet research, the third part will
appear in [146] and is devoted to Western research of the
’high-penetrating’ emission.

Author of this work tried to consider the ’high
penetrating’ emission as widely as possible, without

drift toward one or another theory. Rapid tests for
characterization of this emission are proposed. It should
be noted that we deliberately skipped complex chemical
and bio-physical tests, which require special and expensive
equipment. The proposed method uses widely available
materials and components, and can therefore be carried
out, firstly, by persons having basic laboratory skills and,
secondly, at various locations. It only needs to keep a
certain standard of conducting experiments and processing
results.

This technique can also be used to assess the PID
effect [61], [101]. As previously mentioned, the impact
of the LED generator is in many cases similar to the
impact of human operators, i.e. the fact and intensity of
’bioenergetic’ impact can also be evaluated by this method.
Since works on the sensor improvement is an on-going
process, the set of metrological tests can be changed during
the preparation of a standard.

In conclusion, we would like to point out some open
questions that require further research and technological
development.

1) In the conducted tests, the effect of temperature
was minimized to the level of 10−2C, EM to 10−6T and
10−3V/m. Minimal changes of the measured parameters
occurred between 10−5 and 10−7. In other words, the
measurement errors are in some cases at the level of
the suppressed local environmental factors. Numerous
experiments were conducted to show that changes
attributed to the ’high-penetrating’ emission are not
caused by thermal and EM factors, see e.g. [15].
When performing experiments, it needs to pay a close
attention to a qualitative suppression of these factors.
We propose to always publish the data from temperature
measurements during experiments, since the temperature
changes represent often the source of sensor reaction.

2) At the moment we cannot say with certainty whether
passive generators (shape effects, activated polymers),
rotating, LED and EM generators based on the Aharonov-
Bohm effect produce the same physical effect. It is possible
that some of these emitting devices will not show some
of these phenomenological properties – for example, the
’aftereffect’ or the non-local phenomena. Currently we are
performing these tests for passive generators, such as in
[84].
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3) The ’high penetrating’ emission has a stimulating
or inhibiting effect on biological systems. These types of
polarization are sometimes referred to as ’right-handed
or left-handed polarization’, ’increasing or decreasing
entropy’, etc. These types of polarization can be reliably
detected by biological sensors, but corresponding technical
sensors are still in development. There are recorded
observations when stimulating or inhibiting effects were
reversed by some reason. Therefore, we urge to be cautious
about using these concepts in metrological tests because
they concern phenomena, which are not-yet-understood.

4) Sometimes such terms as the ’emission intensity’
or ’energy efficiency’ cannot be applied to the ’high
penetrating’ emission. For example, in [16] the emission
intensity of the LED generator was decreased by disabling
the half of emitting LED fields. However, it did not
significantly affect the quality of the received signal by
EDL sensors. The paper [25] describes the experiment,
when the signal was detected at the distance of
13800km and the transmitted optical power (the fibre
glass transmitter) was approximately 1 mW. Therefore,
metrological tests should first assess the effectiveness of
the impact, despite it produced by low power generators
(measured, for example, in electric power consumption).

5) The role of so-called ’operator effect’ – influence
of an operator on experimental results – is not yet
fully clear. Several double-blind experiments have been
performed, e.g. [26], which indicated an operator-
independent character of the system ’generator→sensors’
based on the ’high penetrating’ emission. However, several
other sources reported on decreasing or even blocking the
impact in presence of some operators. Since the emission
of the LED generators is to some extent similar to the
’operator-generated’ emission, the hypothesis regarding
a ’blocking impact’ might take place. Consequences of
this effect for metrology — provided the effect is valid —
are unclear. More experiments in this regard should be
performed.

6) Further works along this line should be focused on
introducing an absolute scale and also means of universal
calibration, for example, the use of standardized rotating
masses. It is also necessary to develop the theoretical
foundation of such an absolute scale.
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