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Abstract—We attempted to reproduce the results of experiments related 
to measuring the conductivity of water with deeply polarized electrodes. 
As proposed in the original works, the polarized electrodes are sensitive to 
a high-penetrating emission generated by objects of diff erent origin. We 
demonstrate the experiment setup used and the results obtained in replica-
tion and control experiments. Based on the trials carried out, we judge the 
results of this replication to be positive.

Introduction

This study is based on previous research related to underwater communication 
by means of electric fi elds. This approach is inspired by weakly electric fi sh 
(von der Emde, Schwarz, Gomez, Budelli, & Grant 1998, Sim & Kim, 2011) 
that use different features of electric fi elds for navigation, sensing, and the 
coordination of collective activities. The equipment for the generation and 
sensing of electric fi elds is installed on small mobile underwater devices 
(Kernbach, Dipper, & Sutantyo 2011, Dipper, Gebhardt, Kernbach, & von 
der Emde 2011). The fi elds produced by different devices interact with each 
other and provide an account of the global properties of the underwater 
environment (Schmickl, Thenius, Moslinger, Timmis, Tyrell, et al., 2011). 
In several experiments, the modulation frequency of the electric fi eld is 
very low (in the range of 0.01 to 0.001 Hz), which creates deeply polarized 
electrodes.

In carrying out these experiments on communication via electric fi elds, 
we noted two interesting effects. First, the results obtained are highly 
reproducible for relative values within one experiment. However, in the 
cases of deeply polarized electrodes, the results vary among experiments. 
The main factors identifi ed, which infl uenced many of the results, included 
sensitivity to mechanical vibrations, the emissions of blue-light LEDs (used 
for navigation purposes), and the duration of the experiment.
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Several works report sensitivity in polarized electrodes to laser and LED 
light, and ultrasonic waves (Bobrov 2006, 1998). These works are denoted as 
lying within the fi eld of research related to “non-electromagnetic” (non-EM) 
fi elds. Despite controversial discussions, we also make use of this notion, 
because the original papers introduced it to explain the effects discovered 
in the electric double layer (EDL) (Muzalewskay & Bobrov 1988). The 
diffusion Gouy–Chapman layer in EDL is sensitive to, among other things, 
a spatial polarization of water dipoles, e.g., Lyklema (2005) and Belaya, 
Feigel’man, and Levadnyii (1987). Eliminating such factors as variation of 
temperature, EM fi elds, or vibrations, the authors Muzalewskay and Bobrov 
(1988) demonstrated that some active or passive objects can change the 
dielectric properties of EDL. These changes are detectable by measuring 
the current fl owing through the water–electrode system. As noted in existing 
research, for instance in Bobrov (2006), experiments are carried out not 
only with non-biological but also with biological objects such as seeds or 
bacteria (Bobrov 1992). Thus, the deeply polarized electrodes in water might 
represent a detector, which is sensitive to possible non-EM fi elds.

In particular, we are interested in the following experiment: polarized 
electrodes in a small container with water, representing a detector. Several 
such detectors were placed inside a metal box, protected from EM fi elds and 
temperature changes. Electronic equipment measured the conductivity of 
water in each of the detectors and recorded its dynamics. An LED generator 
was prepared, consisting of 128 yellow-light super-bright LEDs. Another 
container of water was irradiated by this LED generator (Bobrov 2002). As 
stated in Bobrov (2009, 2006), the detectors demonstrated different dynamics 
in the presence of irradiated water, normal water, and control experiments. 
In other words, the impact of non-EM fi elds from the LED generator is 
measurable not only directly but also indirectly through irradiated water. 
Since mechanical, acoustic, optical, capacitive, temperature, and EM 
infl uences were excluded from these experiments, the polarization of water 
dipoles by the LED generator created a number of deep scientifi c questions 
related to the nature of this interaction.

We decided to replicate this experiment in the context of our research. 
Primarily, the goal was not only to confi rm or refute the results of the 
experiment above, but also to estimate the value of a possible non-EM 
component and its use in the context of underwater communication. We 
changed the conditions of the experiments and compared the dynamics 
of the water conductivity (current fl owing though the water at a constant 
voltage) in the presence of (a) an active LED generator, (b) water irradiated 
by the LED generator, (c) normal water, and (d) control experiments. 
Comparing the dynamics of (a) and (b) to (d) could provide an account of 
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a possible non-EM fi eld and comparing (b) to (c) an account of the degree 
of spatial polarization of the water dipoles. Since conductivity is measured 
by a small current, we paid close attention to technical issues of accurate 
measurement and experimental reproducibility.

This article is structured as follows: The Methodology section describes 
the methodology and measurement approach used. The experiment setup is 
described in Appendix A. We performed three experiment series: series 
“A”—calibration and preliminary experiments, as described in the section 
Characterization of Sensors: Impact of Temperature, Vibration, and 
EM fi elds; series “C”—measuring the conductivity of water under the 
infl uence of the LED generator and irradiated water, as described in the 
section Experiment Series C. Additionally, in series “B” we measured 
the conductivity of water related to non-EM fi elds of biological origin (as 
described for example in Bobrov (2006)); however, these experiments are 
excluded from this work. Finally, in the sections Discussion of Results and 
Conclusion we generalize from the experiments carried out and conclude 
this paper.

Methodology

The electric double layer (EDL) appears on the surface of an object 
placed into a liquid. Electrokinetic phenomena are described by the Gouy–
Chapman–Stern model (Lyklema 2005). Corresponding to this model, 
EDL can be represented by two layers: the internal Helmholtz (absorption) 
layer and the outer Gouy–Chapman (diffuse) layer (Kornyshev 2007). As 
mentioned in Bobrov (2006), the diffuse layer is of interest. In a number 
of works, e.g., Stenschke (1985), Gruen and Marcelja (1983), and Belaya, 
Feigel’man, and Levadnyii (1987), dielectric behavior and properties of 
the Gouy–Chapman layer are investigated. In particular, the dielectric 
response of this layer depends on among other factors the temperature, ionic 
concentration, and spatial polarization of water dipoles. As proposed in the 
original works, e.g., Bobrov (2009), and confi rmed by a large number of 
different experiments, some non-biological as well as biological objects are 
capable of infl uencing the spatial polarization of dipoles and thus change 
dielectric properties of the Gouy–Chapman layer. Despite the fact that the 
principles of such an infl uence are not defi nitively identifi ed at the moment, 
the produced effects appeared in changing an electric current fl owing through 
the water–electrode system and thus can be experimentally measured. The 
main methodology of those experiments consisted of removing such factors 
as variation of temperature and EM fi elds, acoustic impacts, and vibrations 
from infl uence on the results. For statistical analysis the measurements 
are done by several sensors in parallel and repeated to achieve statistical 
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signifi cance. This methodology is also adapted for our experiments.
We developed our own sensors by following the state of the art in 

conductometry. Conductometric analysis is a well-known approach that 
measures the conductivity of water. There are several different methods, 
using two or four electrodes, see Kirkham and Taylor (1949) or more 
recently Bristow, Kluitenberg, Goding, and Fitzgerald (2001), as well as 
inductive approaches. Generally, the results of measurements are infl uenced 
by (Orion Conductivity Theory no date):

• polarization of electrodes, that is appearance of EDL (Lyklema 2005);
• temperature;
• fringing effect of the electric fi eld (Parker 2002);
• technical reasons, such as noise from the voltage generator, resistance
  of cables and connectors;
• contamination of electrode surfaces.

In the vast literature, the process leading to an appearance of EDL is 
denoted as polarization of electrodes (Lyklema 2005). For conductometric 
purposes, the electrode polarization leads to a measurement error and 
therefore is undesirable. To minimize this error, the conductometry with 
two and four electrodes is performed with an AC voltage of up to 10 kHz 
frequency, see for example Spillner (1957). When using EDL as a sensor, the 
polarization of electrodes is required and takes about 6–8 hrs. To underline 
the difference from a normal conductometric analysis, such electrodes are 
denoted as deeply polarized electrodes.

For our experiments, we prepared and used fi ve setups, as described 
in Appendix A (see four setups in Figure 19). The difference between 
them lies in the material, placement, and number of electrodes. In the 
following, we denote each set of electrodes in containers with water as 
sensors. Three identical sensors are collected into one setup, controlled 
by one microcontroller. For experiments, we used setups 3, 4, and 5 with 
nine sensors in total. To counter the infl uence of EM fi elds and parasitic 
couplings, the water containers with electrodes were inserted into several 
grounded metal boxes lined with rubber matting and wool (see Figure 1). 
Finally, detectors and the container with irradiated water were placed 
into a closed metal cupboard (the LED generator was placed outside the 
cupboard). The purpose of such multiple EM and temperature shields is to 
minimize the impact of temperature variation and environmental EM fi elds. 

All experiments were performed in two laboratories: the normal 
electronic laboratory on the second fl oor of a university building (denoted 
from now on as laboratory “A”) and a laboratory placed in the basement 
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Figure 1. Experiment setup.
 (a)  General structure of the experimental setup 
 (b)  Setups 3 and 4, each with three sensors in metal cans (with rubber
         matting and wool inside) and a metal box made of 1 mm brass 
 (c)  Setup 5. Each 3 mm brass pipe has one sensor (see Appendix A 
        for more detail)

(a)

(b) (c)



78 Serge Kernbach

of this building (with thick concrete walls without windows—denoted as 
laboratory “B”). For both laboratories, we measured spectra of EM fi elds 
and acoustic waves when the LED generator was switched off/on. Before 
the start of experiment, all detectors are characterized by their reaction to 
vibration, changes of temperature, and EM fi elds, as described in the next 
section Characterization of Sensors: Impact of Temperature, Vibration, 
and EM Fields.

The experiments were organized in the following way. All sensors ran 
one week and continuously recorded the current (from the 2× electrode 
scheme, all setups), voltage (from the 4× electrode scheme, only setup 3), 
temperature, vibrations, and the level of analog and digital power supply (to 
measure noise from a power supply). During weekends, the received data 
were archived and the data-collecting program on the laptop started anew. 
During the experiment, either the LED generator or a container with non-
irradiated or irradiated water (the terminology of the original work) was 
placed in front of the detector, at distance d. As suggested in Bobrov (1992, 
2006), the water was “irradiated” by turning the LED generator on for 5–30 
minutes (90 seconds in the original experiments). To minimize the infl uence 
of the operator on the detector, the LED generator was autonomously turned 
on/off by a microcontroller at such time when nobody was present in the 
laboratory. In cases when this was not possible, for example when replacing 
water containers, an operator quickly left the laboratory after necessary 
manipulations.

As mentioned in the next section Characterization of Sensors: 
Impact of Temperature, Vibration, and EM Fields and shown during the 
preliminary experiments, the sensors are not sensitive all the time. Moreover, 
it is not possible to predict when a sensor will lose its sensitivity. Thus, we 
decided to use multiple sensors to record a single experiment in parallel. 
Each sensor was counted as a single trial, which can be positive or negative. 
The experiment was positive when at least two sensors demonstrated a 
positive causal reaction (that is, within the time of the experiment). We 
counted a number of trials and a number of independent experiments. 
Normally, the experiments were performed in the morning, because the 
sensors relaxed during the night hours and there was low environmental 
noise. However, if we observed high environmental noise in the two hours 
before the experiment, we postponed the experiment to the next day. Thus, 
we can perform, on average, only about three experiments a week.

We observed three typical reactions in the sensors. One, the value of 
the current rapidly jumps from one level to another, as shown in Figure 13. 
This is a typical kind of behavior observed when the sensor is in a stationary 
state. For this type of reaction, labeled as “T1”, we measured the amplitude 
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TABLE 1

Parameters of Experiment C

  N      Parameter Description

  1 Type of electrodes Setup 3: 4-electrode scheme, chromium–stainless steel, 1 mm 
diameter (replaceable); Setup 4: 2-electrode scheme, fi rst electrode 
chromium–stainless steel, 1 mm diameter (replaceable); Setup 5: 
2-electrode scheme, platinum, 1 mm diameter (non-replaceable)

  2 Distance between electrodes 10 mm–60 mm

  3 Voltage level DC, 0.9 V–4 V, changing of polarity is possible, noise level  ±10 mV

  4 Current level in DAC circuit 3 μA–40 μA

  5 EM (radio frequency and 50/60 Hz) 
and optical shield

All electrodes/electronics are placed inside several grounded metal 
boxes made of steel/brass. See Ott (1988) for more detail on EM 
production.

  6 Temperature shield Foam rubber and wool in each metal box

  7 Elimination of parasitic DC couplings Power via USB from a laptop, laptop in battery mode (in control 
experiments), LED generator powered by D-size batteries

  8 Water used in sensors Purifi ed by osmosis (before Experiment C160) and bi-distilled 
(after Experiment C160), 50–150 ml  in glass (setups 3 and 5) 
and stainless steel (setup 4) containers

  9 Water used for irradiation Normal tap water, rested for 7–24 hours before the irradiation, 
500 ml in glass container

10 Water used in control experiments Normal tap water, rested for 7–120 hours before the experiments, 
500 ml in glass container

11 Type of sensor’s reaction Type 1, type 2, type 3

12 Exposure time of LED generator 20–40 minutes by 169 blue-light (470 nm), 11 cd LEDs

13 LED mode used in experiments Oscillations 1 and 2, rotation CCW and CW

14 Exposure time of irradiated water 30–80 minutes

15 Duration of irradiation of water 5–30 minutes

16 Distance between detector and LED 
generator / irradiated water

5–13, 30 cm

17 Time between irradiation of water 
and start of experiment

Immediately before, to 72 hours before

18 Number of sensors recording in parallel 3, 6, 9
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of the current changes over the average current for each of the sensors and 
wrote down only these values (without the label “T1”) as shown in Tables 
2, 3, and 4.

When current continuously increases or decreases (this behavior can 
take several days), the sensor either does not react at all, or changes its 
inclination (see Figure 12 and Figure 14). We did not observe a rapid change 
of current; this behavior is labeled as type 2 (or “T2”). Finally, when the 
current oscillates, it changes the amplitude or frequency of the modulation. 
This is the type 3 reaction, labeled as “T3”. When the change of current was 
signifi cant, we noted this change as well. The different parameters of the 
experiments performed are collected in Table 1.

Characterization of Sensors:

Impact of Temperature, Vibration, and EM Fields

Variation of Temperature

Despite thermal shields, it is impossible to maintain a constant temperature 
during experiments because of self-heating of electronic components and 
environmental changes. Thus, the temperature impact can represent an 
important factor infl uencing the results. To characterize the reaction of the 
sensors to temperature, we performed several measurements. The main 
methodology was to fi nd a combination of temperature-isolating materials, 
the distance d, and the parameters of the LED generator (e.g., the voltage 
applied to LEDs) to observe a non-proportional or delayed response of 
temperature sensors in relation to a response of current sensors (see cases 
(2), (3), and (4) below).

(1) Control measurement. To characterize a non-infl uenced behavior of 
sensors, we performed the control measurement over 50 hours in laboratory 
B, as shown in Figure 2. The total variation of temperature was about 0.4 
C; we observed a slowly increasing current ΔI = 0.5 μA, which follows 
the changes of temperature. Thus Δt = 0.1 caused a change of current ΔI = 
0.125 μA in a long-term, slowly changing dynamic. However, this relation 
was nonlinear and depended on the previous dynamic (e.g., increasing or 
decreasing).

(2) Delayed response of temperature sensors. Laboratory A had 
a larger variation of temperature than laboratory B; this represents the 
worst-case dynamics of the current. In experiment C130 (see Figure 3), 
the temperature change in region I (3.5 hours, 3:30–7:00) was about 0.25 
C, in region II about 0.025 C (1.5 hours, 7:00–8:30), in region III about 
0.015 C (one hour, 8:40–9:40 when the LED generator was turned on), 
and about 0.22 C after the experiment in region IV (2 hours, 10:00–12:00). 
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Temperature changes during I–III were caused by the environment, and 
during IV mostly by heat from the LED generator. Corresponding changes 
of current during I and II were ΔI1 = 0.05 μA, ΔI2 = 0.2 μA, ΔI3 = 0.03 μA 
for all three sensors over 5 hours. Changes of current for region III were ΔI1 
= 0.15 μA, ΔI2 = 0.4 μA, ΔI3 = 0.08 μA over 1 hour. Behavior in region IV 
was strongly infl uenced by the LED generator and was rather different for 
all three sensors. Thus, thermal and LED generator changes of current were 
quantitatively and qualifi edly different. Moreover, due to thermal shields, 
the heat from the LED generator reached the sensors 20 minutes after the 
LED generator was turned off.

(3) Comparisons of thermal impacts. In experiment C166 the LED 

Figure 2. Control measurement taken over 50 hours in laboratory B. 
 (a)  Setup 3, temperature sensor
 (b)  Setup 3, sensor 1 (all other sensors demonstrated similar dynamics)
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Figure 3. Impact of temperature on 
the sensors in laboratory A. 

 (Gray area) represents the 
time when the LED generator 
was switched on. Variation of 
temperature 90 minutes before 
the experiment is about 0.025 
C, and during the experiment 
0.015 C. To demonstrate the 
delayed dynamics of temp-
erature and make them more 
visible, we plot output from all 
three sensors.
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generator was powered by a low voltage of 2.5 V to minimize the self-
heating and installed in front of setup 5 (outside the metal cupboard) at 
a distance of 30 cm. Setups 3 and 4 in a brass box were placed to the left 
so that the distance between setup 5 and setup 3 was about 70 cm (see 
Figure 4). In both setups Δt = 0.08 C; however, we observed a delayed 
increase in temperature in setup 3 due to additional thermal shields (this 
also resulted in a 2.5 C higher temperature inside the brass box) (see Figure 
5). The current dynamics in each setup was different. In setup 5, which was 
placed on the main axis of the LED generator, we observed a fast increase of 
current and also a fast decay after the experiment. However, the current in 
setup 3 was slowly increasing following the changes of temperature. It was 
similar to the non-perturbed dynamics, shown in Figure 2. We repeated this 
experiment two days later in experiment C167 with similar results. Thus 
the dynamics of current in the LED generator and outside are completely 
different despite the fact that the changes in temperature were the same.

(4) Non-proportional (with respect to temperature) growth of cur-
rent. In experiment A165 (see Figure 6), before the experiment we created a 
constant increase of environmental temperature of about Δt = 0.02 C every 
2 hours. The corresponding constant change of current was about ΔI = 0.01 
μA. During the experiment, the low-power LED generator additionally 
changed the temperature about Δt = 0.01 C, which however follows the 
previous trend of increasing the temperature. Thus, in total we did not 
observe any essential fl uctuations of temperature in this experiment. Even 
so, the corresponding change of current was about ΔI = 0.09 μA. Thus, there 
was no essential fl uctuation of temperature; however, there was an essential 

Figure 4. Scheme of experiments C166 and C167.
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Figure 5. Experiment C166 and the repeated experiment C167 in laboratory B.
 (Gray area) Represents the time when the LED generator was switched on. 
 (a, c, e, g)  Data from the temperature sensors of setups 3 and 5
 (b, d, f, h)  Data from the current sensors of setups 3 and 5
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fl uctuation of current, i.e. there was a non-proportional (with respect to 
temperature) increase in current during the experiment. This behavior was 
replicated in experiment A168.

(5) Changed dynamics from irradiated water. Since containers with 
water do not produce any heat, a variation in environmental temperature 
is minimal in such experiments. For example, in experiment C162, the 
container with irradiated water was placed in front of the detector at 17:20 
and removed at 18:00. Variation of temperature before the experiment 
was about 0.015 C, and during the experiment 0.03 C. The dynamics of 
the current was increasing, and we observed a deviation from this dynamic 
of 0.05 μA. The temperature started to change about 15 minutes after the 
beginning of the experiment. The current started to change immediately 
after the water container was placed close to the detector. We replicated this 
experiment several times, e.g., within A169 and C192 (with the recording 
of several other parameters) (see Figure 7).

Figure 6. Impact of temperature variation on the sensors in laboratory B. 
 (Gray area) represents the time when the LED generator was switched on. 

Variation of temperature 120 minutes before the experiment was about 
0.02 C, and during the experiment 0.01 C.
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Figure 7. Impact of temperature variation on the sensors in laboratory B. 
 (Gray area) Represents the time when the container with irradiated water 

was placed close to the detector.
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Figure 8. Impact of vibrations on the 3D accelerometer.
 (a)  Data from the 3D accelerometer (setup 3) recorded over experiment
         A160. To test the setup, we lightly touched the metal can at 10:30. 
 (b)  Current dynamics (setup 3, sensor 1) recorded over experiment A160
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Impact of Vibration, EM Fields, and Acoustic Waves on Sensors

Data from the accelerometer. To characterize the impact of vibrations 
and other mechanical perturbations, Figure 8 shows the data from the 3D 
accelerometer over 12 hours for experiment A160. To test the accelerometer, 
we lightly touched the metal can of the detector at 10:30; the consequent 
peak is readily visible. In Figure 8(b) we observe a corresponding change 
of current at 10:30, which was quickly normalized to a non-perturbed 
value. Thus, mechanical perturbations appear as readily visible peaks in the 
dynamics of the current and in this way qualitatively differ from the slowly 
changing dynamic observed in other experiments.

EM fi eld. Measurements of the EM fi eld were performed by the 
spectrum analyzer 9 KHz . . . 7 Ghz produced by Rohde & Schwarz. First  
we measured the spectrum of the background EM fi eld in laboratories A and 
B. As is visible from Figure 9, laboratory A had frequencies occupied by 
WiFi, GSM, and FM radio. In laboratory B these frequencies were empty. 
In laboratory B we also measured the spectrum of the EM fi eld close to the 
unshielded setup when: 1) the LED generator was on, and the detector was 
off; 2) the LED generator was on and the detector was on but the laptop 
was off; 3) the LED generator, the detector, and the laptop all were on (see 
Figure 10).

We did not discover any differences up to the level of −90 dBm, when 
the LED generator and the shielded detector were on or off. The unshielded 
detector generated a signal of −70 dBm in the area of about 40 MHz, which 
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Figure 9.  Spectrum of the EM fi eld in laboratory A (a) and in laboratory B (b).

(a) (b)

however decreased to −90 dBm when we moved the antenna 10 cm away 
from the detector. The laptop produced a number of different frequencies, 
as is visible in Figure 10(c).

Acoustic waves. The level of acoustic signals in laboratory B was 
measured with Metrel C-MI 6301 (20–10000 Hz, 30–130 dB) during the 
autonomous work of the LED generator. The signal remained below the 
minimal resolution of this device, i.e. <30 dB. Since no ultrasound emitters 
were installed in laboratory B and all surrounding laboratories, the level of 
acoustic waves over 20 kHz was not measured.

The main conclusion from these measurements is fi rst of all, 
that the shielded LED generator and setups did not produce an EM fi eld 
over −90 dBm. Thus, powering the LED generator did not infl uence the 
sensors, at least up to the level sensed by the spectrum analyzer. The laptop 
generated several frequencies in the area up to 100 MHz, which however 
remained unchanged before, during, and after experiments. Thus, the EM 
fi eld produced by the laptop cannot be attributed to the changes of current 
during experiments. Frequencies occupied by WiFi, GSM, and FM radio 
are empty in laboratory B. The impact of vibration and perturbation of 
mechanical origin are well-distinguished by the characteristic peaks of 
current and by data from the 3D accelerometer. Thus, they also can be 
removed from consideration. We also monitored the level of voltage on 
the USB bus from the laptop, and no anomalous variations of the supply 
voltage were detected.
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Figure 10. Spectrum of the EM fi eld measured 
close to the unshielded detector 
and the LED generator. 

 (a) LED generator is on, detector is off 
 (b) LED generator is on, detector is on,

       no connection to the laptop 
 (c) LED generator is on, detector is on, 

      laptop is on

Variations of temperature represent the hardest impact; they are in the 
best case Δt = 0.01−0.03 C, in the worst case Δt = 0.05−0.2 C. We cannot 
completely remove this infl uence from the experiments. There are several 
arguments for the hypothesis that changes of temperature do not represent 
the main factor for changes of current during the experiments. First, due to 
the thermal shields, we observed in many cases a delayed response of the 
temperature sensor—between 5 and 20 minutes after the current started to 
change (see Figure 3 and Figure 7). Second, we demonstrated that current 
increases disproportionately to temperature during several experiments (see 
Figure 6). Finally, after removing the infl uence, the dynamics of current 
changes its own slope or direction (from decreasing to increasing and vice 
versa), whereas the temperature is still increasing. This points to another 
factor (besides the variation in temperature) infl uencing the dynamics of 
the current.

(a) (b)

(c)
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Experiment Series C

Experiments with the LED Generator

A typical run of such experiments is shown in Figure 11. Here, the LED 
generator was switched on for 70 minutes and we recorded the output of 
the sensors. It can be seen that both sensors demonstrated a type 1 reaction 
with a current change of 1.3 μA and 0.3 μA, respectively. Since the behavior 
of the current during the experiment and 2 hours before the experiment 
differed qualitatively, we decided the experiment was positive. Table 2 is an 
overview of the experiments using the LED generator. In some experiments, 
for example those shown in Figure 12, the current remained unchanged, but 
the behavior of the sensor was modulated, that is showing type 2 and type 
3 dynamics.

We performed 72 trials (within 16 independent experiments; A165 and 
A168 are counted as trials but not as experiments) of the direct infl uence of 
the LED generator on the sensors. Fifty-eight indicated a visible change of 
behavior, 3 showed an appearance of T2/T3 dynamics, and in 11 trials we 
did not discover any changes in current during or after the LED generator 
was turned on. Several dynamics of the current recorded during these 
experiments are shown in Figure 12.

Figure 11. Experiment C23 with setup 3 of the detector and the LED generator, 
d = 15 cm, LED generator using the fi rst waveform. 

 (Gray area) The LED generator was switched on between 23:47 and 00:57.
 (a)  Output of the fi rst sensor
 (b)  Output of the second sensor
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Figure 12.  Several experiments with the LED generator.
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TABLE 2

Overview of Experiment Series C with the LED Generator

     N Setup
Number

Average Current 
 I S

1,2,3
 μA

ΔI S
1,2,3

 μA Comments

C23 3 8.6, 5.5, 4.5 1.3, 0.3, none d=15cm, LED=1, lab A

C27 3 11.3, 9.9, 7.6 0.15, 0.1, 0.05 d=15cm, LED=CCW, lab A

C29 3 12.5, 11.3, 8 0.05, 0.1, none d=5cm, LED=1, lab A

C30 3 5.75, 9.1, 15.8 0.05, none, 0.4 d=5cm, LED=CCW, lab A

C33 3 4.9, 7.9, 11.4 0.04, T3, 1.2 d=5cm, LED=1, lab A

C37 3 4.9, 7.2, 7.2 0.02, 0.2, none d=5cm, LED=CCW, lab A

C38 4 30.0, 22.0, 31.0 0.3, 0.5, T2 d=5cm, LED=CCW, lab A

C40 3 10.4, 39, 21.2 none, none, 0.6 d=5cm, LED=CW, lab A

C41 4 30.9, 22.6, 28.0 0.3, 0.6, none d=5cm, LED=CW, lab A

C60 3 7.3, 8.9, 20.8 0.2, 0.2, none d=15cm, LED=CCW, lab A

C61 4 32.3, 25.3, 29.4 T3, 0.4, none d=5cm, LED=CCW, lab A

C130 3 13.75, 15.8, 19.2 0.3, 0.6, 0.1 d=35cm, LED=CCW, lab B

C148 3 13.5, 8.2, 20.4 1.1, 0.2, 0.2 d=25cm, LED=CCW, lab B

C149 4 16.4, 14.9, 14.4 0.3, 0.5, 0.05 d=25cm, LED=CCW, lab B

C150 3 13.6, 7.0, 20.27 0.5, 0.12, 0.05 d=25cm, LED=CCW, lab B

C151 4 15.7, 13.2, 14.05 0.35, 0.25, 0.05 d=25cm, LED=CCW, lab B

C152 3 13.77, 6.68, 20.46 0.2, none, none d=25cm, LED=CCW, lab B

C153 4 16.0, 13.14, 14.28 0.35, 0.12, 0.04 d=25cm, LED=CCW, lab B

C154 3 14.65, 6.58, 21.9 0.3, 0.06, 0.05 d=25cm, LED=CCW, lab B

C155 4 16.15, 13.68, 14.5 0.35, 0.06, 0.7 d=25cm, LED=CCW, lab B

C156 3 15.00, 6.57, 22.82  0.3, 0.12, 0.08 d=25cm, LED=CCW, lab B

C157 4 17.6, 14.35, 15.25 0.5, 0.2, 0.3 d=25cm, LED=CCW, lab B

C166 5 10.6, –, – 0.05, –, – d=30cm, LED=CCW, lab B

C166 3 33.18, –, – 0.01, –, – d=76cm, LED=CCW, lab B

C167 5 10.51, –, – 0.05, –, – d=30cm, LED=CCW, lab B

C167 3 34.58, –, – 0.02, –, – d=76cm, LED=CCW, lab B

A165 5 10.94, –, – 0.08, –, – d=30cm, LED=CCW, lab B

A168 5 10.42, –, – 0.2, –, – d=30cm, LED=CCW, lab B

None means no qualitative changes.
T2, T3: See description in text.
Grayed rows indicate the experiments, with parallel recording by several sensors.
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Experiments with Irradiated Water

Experiments with irradiated water were performed in a similar way to those 
with the LED generator. A glass container with 500 ml of tap water was 
placed 5–15 cm from the LED generator. The generator was turned on for 
5 minutes (20–30 minutes in C162–C194), then the container was stored 
separately from other containers. We irradiated the water several hours before 
the experiments (container “A”) and immediately before the experiment 
(container “B”). An example of the behavior of the sensors is shown in 
Figure 13. We placed container A for 20 minutes and then replaced it with 
container B for another 20 minutes. This approach was used in experiments 
C42–C49, where we observed a stronger reaction with container B. In 
experiments C50–C55 we used water irradiated on previous days. Again, 
container B caused a stronger reaction. In experiments C54–C194 we used 
only one sample of A or B and observed monotonic changes of behavior to 
some extent (without the step-like change characteristic of containers A and 
B). The parameters of the experiments are collected in Table 3.

In several experiments we observed a reaction in the detector immediately 
after the container with irradiated water was removed from the box (for 
example, experiment C53). Experiments C44 and C45 contained noisy 
data, where reliable identifi cation of a reaction was not possible. Despite 
an evident reaction in the sensors, we removed these data from evaluation 
as not plausible. Experiment A169 is counted as a single trial and not as an 
independent experiment. In total we performed 82 trials (16 independent 
experiments), in 24 cases of which we did not observe an evident reaction 
(especially for water irradiated several days before an experiment).

Figure 13. Experiments with irradiated water. 
 (a) Experiment C42; (b) Experiment C50. 
 (Gray area A)  Container A is placed in front of the detector, d = 15 cm. 
 (Gray area B)  Container B is placed in front of the detector, d = 15 cm.
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TABLE 3

Overview of Experiment Series C Using Irradiated Water

        N Setup
Number

Average Current 
 I S

1,2,3
 μA

ΔI S
1,2,3

 μA Comments

C42 3 10.0, 15.0, 22.6 4.0, 0.2, 0.5 A-7, B-0

C43 4 30.5, 25.5, 32.6 0.5, none, none A-7, B-0

C46 3 9.8, 12.2, 22.3 0.1 (T3), 0.1, none A-7, B-0

C47 4 29.6, 26.7, 31.0 none, 0.4, none A-7, B-0

C48 3 8.6, 11.6, 22.3 none, T2, 0.1 A-7, B-0

C49 4 30.8, 27.2, 31.5 0.3, T2, none A-7, B-0

C50 3 7.9, 10.1, 21.8 0.1 (T3), 0.1, 0.5 (T3) A-36, B-24

C51 4 30.1, 25.6, 30.5 0.4 (T3), T2, 0.2 A-36, B-24

C52 3 7.8, 9.8, 21.4 0.25, 0.1, none A-47, B-35

C54 3 7.6, 9.5, 21.4 0.2, 0.1, none A-52, B-40

C55 4 31.0, 25.2, 29.5 0.4, T2, 0.5 A-52, B-40

C162 3 19.5, 9.82, – 0.5, 0.02, – B-0

C163 4 18.6, 20.85, 17.8 0.04, 0.1, 0.04 B-0

C169 5 11.35, –, – 0.04, –, – B-0

C175 3 12.8, 9.0, 13.45 none, 0.05, 0.3 B-0

C176 4 12.06, 12.96, 11.5 0.06, 0.08, none B-0

C177 3 16.4, 11.6, 8.67 0.08, none, 0.12 B-0

C189 3 15.55, 14.38, 13.65 0.05 (T2), 0.04, T3 B-0

C192 4 9.06, 13.1, 6.9 0.05, 0.1, 0.1 (T3) B-0

C192 5 –, –, 11.55 –, –, 0.05 B-0

C193 5 14.3, 6.5, 11.3 0.1, 0.05, 0.3 A-24

C194 3 6.1, 11.4, 10.55 none, T2, none A-24

C194 4 8.9, 13.1, 6.12 0.2, T3, 0.04 A-24

C195 3 4.94, 11.2, 10.45 0.05, none, none A-48

C195 4 6.1, 13.5, 6.02 none, 0.1, none A-48

C195 5 13.92, 6.7, 11.1 0.04, 0.1, 0.1 A-48

C197 3 4.15, 11.1, 10.45 none, none, 0.03 A-72

A197 4 8.9, 12.6, 6.15 none, none, T3 A-72

A197 5 13.73, 6.7, 9.2 0.03, none, none A-72

None means no qualitative changes. T2, T3: See description in text. Grayed rows mark the experiments, with parallel 
recording by several sensors. A-52 means that container A was irradiated 52 hours before the experiment.
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Figure 14.  Several experiments with irradiated water.
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Control Experiments

The control experiments were carried out under the same conditions as 
experiment series C; however, we used normal tap water. A container with 
water was rested 12 hours in the laboratory, then installed 15 cm in front of 
the detectors and exposed for between 30 minutes and 90 minutes. In several 
experiments (C62, C63, C199) the container remained in the laboratory for 
several days before an experiment. An overview of the control experiments 
is shown in Table 4. The reaction of the sensors in these experiments is 
signifi cantly weaker than in the previous ones. For instance, we observed a 
type 1 reaction with step-like changes of current, as shown for example in 
Figure 13 and Figure 11. From 79 trials (of 14 independent experiments) we 
obtained 63 negative and only 8 positive reactions. It should be noted that in 
the original experiments with irradiated water (Bobrov 2009) the authors also 
obtained reactions in the sensors in control experiments that  were weaker 
than the reactions with the irradiated water. The dynamics of the current 
in several positive cases are shown in Figure 15. Based on the criteria for 
previous experiments, we qualifi ed several results from these experiments 
as positive. Within the boundaries of these experiments, we cannot identify 
whether these were caused by environmental noise or whether there were 
other pertinent factors, for instance a long resting time in the laboratory.

Discussion of Results

An overview of all experiments is given in Table 5. Since negative results 
are evaluated as results without any change in current, with a change 
of less than 0.01 μA, including where the parameters of the oscillations 
changed, there is doubt whether this was caused by irradiation or whether 
this oscillation has multiple frequencies. We excluded four datasets from the 
evaluation in which the sensors demonstrated a signifi cant change of current 
before or after the experiment, or where the data were not plausible due to 
noise from the environment. If two or more sensors in a series C experiment 
were simultaneously positive, that experiment was counted as positive.

Evaluating the experiments we performed, we can conclude that all 
independent experiments with the LED generator and the irradiated water 
are positive. Most of the experiments with the tap water are negative (except 
those where the tap water was rested for several days in the laboratory). 
We performed several statistical tests for the trials. First of all, positive 
trials are coded as “1”, negative trials as “0” (i.e. trials are considered as 
experiments with binary output, T2/T3 results are not counted), and then 
we ran the chi-square goodness of fi t test against the null hypothesis of the 
random character of the obtained data. Second, the results coded as “T1”-



Measuring Water Conductivity with Polarized Electrodes 97

TABLE 4

Overview of Control Experiments

      N Setup
Number

Average Current 
 I S

1,2,3
 μA

ΔI S
1,2,3

 μA Comments

C56 3 7.0, 8.3, 22.1 none, none, none t = 45 min

C57 4 30.1, 24.2, 29.0 none, none, none t = 45 min

C58 3 7.4, 8.9, 20.96 none, 0.1, none t = 80 min

C59 4 31.0, 25.2, 28.5 T2, none, none t = 80 min

C62 3 7.4, 8.9, 5.6 T2, 0.04, none t = 30 min, 120 hr

C63 4 31.0, 25.5, 35.1 none, none, T2 t = 30 min

C64 3 7.1, 9.1, 4.8 none, none, none t = 40 min

C65 4 34, 25.5, 35.0 none, T3, none t = 40 min

C66 3 6.8, 8.9, 4.4 none, none, none t = 40 min

C67 4 33.9, 26.5, 34.1 none, none, 0.05 t = 40 min

C68 3 13.1, 22.6, 17.7 none, T3, none t = 30 min

C69 4 19.2, 15.5, 18.8 0.02, none, none t = 30 min

C172 3 12.5, 25.5, 11.0 none, none, 2.0 t = 30 min

C172 5 10.2, –, – none, –, – t = 30 min

C173 3 11.95, 20.5, 10.65 none, none, none t = 60 min

C174 4 10.7, 12.4, 11.7 none, none, none t = 60 min

C179 3 10.5, 24.9, 11.22 none, T3, none t = 60 min

C180 4 11.6, 12.05, 13.2 none, none, none t = 60 min

C181 3 12.5, 23.9, 10.45 none, none, none t = 60 min

C182 4 10.6, 12.78, 12.1 none, none, 0.03 t = 60 min

C185 4 11.35, 12.6, 10.1 none, none, none t = 90 min

C186 4 12.75, 10.2, 12.5 T3, none,  none t = 90 min

C187 3 11.7, 20.5, 11.5 none, none, none t = 90 min

C188 4 13.7, 14.78, 14.1 none, none, none t = 90 min

C199 3 19.2, 11.1, 10.25 none, none, none t = 90 min, 96 hr

C199 4 10.09, 13.6, 9.2 0.03, T2, none t = 90 min

C199 5 13.42, 6.7, 10.62 none, 0.1, none t = 90 min

None means no qualitative changes. T2, T3: See description in text. Grayed rows mark the experiments, with 
parallel recording by several sensors. d = 15, t is the exposition of time. A-52 means that container A was 
irradiated 52 hours before the experiment.
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Figure 15.  Several positive responses in control experiment series C with tap
      water. 

8.84

8.86

8.88

8.9

8.92

8.94

8.96

8.98

9

9.02

9.04

04:00 05:00 06:00 07:00 08:00

C
u
rr

e
n
t,
 μ

A

Time

exp. C58, setup 3, sensor 2

31

31.1

31.2

31.3

31.4

31.5

31.6

31.7

31.8

31.9

32

04:00 04:30 05:00 05:30 06:00 06:30 07:00 07:30 08:00

C
u
rr

e
n
t,
 μ

A

Time

exp. C59, setup 4, sensor 1

7.05

7.1

7.15

7.2

7.25

7.3

7.35

7.4

06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30

C
u
rr

e
n
t,
 m

k
A

Time

exp. C62, setup 3, sensor 1

8.75

8.8

8.85

8.9

8.95

9

9.05

9.1

06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30

C
u
rr

e
n
t,
 m

k
A

Time

exp. C62, setup 3, sensor 2

34.3

34.4

34.5

34.6

34.7

34.8

34.9

35

35.1

35.2

06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30

C
u
rr

e
n
t,
 μ

A

Time

exp. C63, setup 4, sensor 3

24.4

24.6

24.8

25

25.2

25.4

25.6

04:30 05:00 05:30 06:00 06:30 07:00 07:30

C
u
rr

e
n
t,
 μ

A

Time

exp. C65, setup 4, sensor 2

33.9

33.95

34

34.05

34.1

34.15

34.2

05:00 05:30 06:00 06:30 07:00

exp. C67, setup4, sensor 3

C
u
rr

e
n
t,
 μ

A

Time

21.9

22

22.1

22.2

22.3

22.4

22.5

22.6

22.7

22.8

22.9

23

06:00 06:30 07:00 07:30 08:00 08:30

C
u
rr

e
n
t,
 μ

A

Time

exp. C68, setup 3, sensor 2

19.16

19.18

19.2

19.22

19.24

19.26

19.28

19.3

19.32

06:00 06:30 07:00 07:30 08:00 08:30

C
u
rr

e
n
t,
 μ

A

Time

exp. C69, setup 4, sensor 1

1, “T2”-2, “T3”-3, and “N”-0 (negative) were tested by the Mann-Whitney 
U test for two groups of “LED generator vs. tap water” and “irradiated water 
vs. tap water” experiments (the null hypothesis is an identical distribution 
function of these groups). Finally, we considered the current in each trial 
(ignoring T2/T3 results) and calculated a one-sample t-test against the 
null hypothesis of “0” as the expected value. Results are shown in Table 
5; based on obtained values we reject the null hypothesis for chi-square 
and Mann-Whitney U tests (signifi cance level α ≤ 0.005, two-tailed). The 
null hypothesis for the t-test can be rejected for LED/irradiated water (the 
signifi cance level α = 0.005, two-tailed); however, it cannot be rejected for 
the tap water (signifi cance level α = 0.240, two-tailed).

From 154 evaluated trials of experiment C with the LED generator and 
irradiated water (32 individual experiments recorded in parallel by several 
sensors), 108 trials indicated a positive result and 35 trials indicated a 
negative result (see Figure 16).
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Figure 16. Results from the trials of 
experiment series C.
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Comparison of the results from the LED generator and the irradiated 
water indicates that the irradiated water caused a weaker reaction in terms 
of (a) the number of responsive sensors, (b) the latent time, and (c) ΔI. 
The strongest impact occurred when the water was irradiated immediately 
before the experiment. The exposure time with the LED generator also had 
an impact: We observed a stronger reaction with a longer exposure time. We 
cannot unarguably say whether the reaction of the irradiated water can be 
related to a spin-based imprinting of water, as proposed in Bobrov (2009). 
Comparing the results with irradiated and normal water, we recorded almost 
no reactions from non-irradiated water. However, it is also unclear whether 
the several single responses from non-irradiated water were caused by 
environmental noise or some other factor.

In the experiments we did not observe changes of the EM fi eld and 
acceleration (vibrations) above the minimal resolution of the sensors used. 
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Containers of irradiated water are passive objects and do not emit any EM 
fi elds. However, we need to take into account high-frequency, stationary 
EM waves produced by external EM emitters (for example the laptop used 
in laboratory B or WiFi access points in laboratory A), which potentially 
can infl uence the behavior of the sensors. Any parasitic capacitive, optical, 
acoustic, and electric couplings were excluded from the experiments. 
Variation of temperature is the most diffi cult issue, because it cannot be 
completely removed from the experiments. Moreover, it requires the 
development of specifi c setups and experiment methodology—this should 
be taken into account when replicating these experiments. In several 
experiments we succeeded in demonstrating a non-proportional or delayed 
increase in temperature in relation to a response from current sensors. Thus, 
despite the temperature-impact sensors, its variation does not represent the 
main factor for the changing current during experiments.

We also identifi ed environmental noise as one of the main diffi culties. 
Comparing the behavior of sensors in an empty laboratory A during the day 
and at night, we noted more changes in the current occurring during the day. 
Original works point to an anthropogenic factor, e.g., ultraweak emission 
from the human body (Kobayashi,  Kikuchi, & Okamura 2009) as the main 
source of such noise. For instance, the experiments described in Bobrov 
(2009) were performed not only in an empty room but in an empty building. 

TABLE  5

Overview of Experiment Series C and Its Statistical Evaluation*

N of N of RESULTS Mean, Std. Chi-Square M-W t-Test

Trials Exp. T1 T2/T3 Neg. Dev., Std. Err. Test U-Test (z)

LED gen. 72 – 58 3 11 0.84, 0.369, 0.044 32.014 −6.596 6.914

– 16 16 – 0 – – – –

Irr. water 82 – 50 8 24 0.68, 0.471, 0.055 9.135 −5.468 3.041

– 16 16 – 0 – – – –

Tap water 79 – 8 8 63 0.11, 0.318, 0.038 42.606 – 1.184

– 14 4 – 10 – – – –

Total 233 – – – – – – – –

– 46 – – – – – – –

* See description in text. Mean, Std. Deviation, and Std. Error are calculated for the binary output of  experiments.
T1 is coded as 1, negative is coded as 0, T2/T3 are ignored. 



Measuring Water Conductivity with Polarized Electrodes 101

Thus, more robust experiments need to be performed in a special physical 
laboratory, where temperature, EM, and environmental and anthropogenic 
infl uences can be minimized by several orders of magnitude.

In brief, excluding EM, temperature, mechanical, optical, capacitive, 
and acoustic interactions, and any parasitic couplings, the publications 
cited mention two possible explanations for this behavior. First, Bobrov 
(2009, 2006) points to spin waves, which have been recently polemicized 
in the physics community. Experiments carried out with rotating objects, 
sources of radioactivity, and plant and animal cells support this theory to 
some extent and possibly explain interactions between biological and non-
biological objects. Original publications suppose that spin waves generated 
by LEDs (or by the 630 nm helium–neon laser) are responsible for the  
spatial polarization of water dipoles in the Gouy–Chapman layer. Second, 
Zenin (2000) introduced stable macroclusters of water dipoles, which 
can exist for a long time (Zenin 2005). For instance, the behavior of a

inV  
on voltage electrodes in setup 2 (see Figure 21) can be explained by the 
appearance of such macroclusters of dipoles. Since sensors contain water, 
macroclusters of dipoles can infl uence conductivity and thus the current. In 
turn, the combination of different weak signals can affect the behavior of 
macroclusters. However, as mentioned in the Introduction, the goal of this 
work is only to replicate the cited experiments without deep physical or 
chemical discussions explaining the behavior of the sensors.

Conclusion

In several experiments we observed a causal dependency between switching 
on the LED generator or installing the water container and the reactions 
of the sensors. Between two and six sensors simultaneously recorded such 
reactions. The recorded data were evaluated about two hours before and 
after the experiments. The active LED generator and passive irradiated 
water caused a similar impact on the detectors, whereas tap water and a 
normal state (night hours without any objects close by) indicated mostly 
a monotonic dynamic in the sensors. The impact of such infl uences as 
temperature, EM fi elds, and others was minimized up to the level sensed by 
the measuring devices. Based on these results, we evaluate the main part of 
the replication attempt as successful.

We offer several notes regarding these experiments. First, the measured 
level of current is about 1−50 μA with a resolution of 0.01 μA. Measuring 
such a small current is sensitive to many factors: resistance of cables, 
input impedance of operational amplifi ers, temperature drift of electronic 
components, and electronic noise. Thus, while the setup has the advantage 
of compactness, it can be used only to detect changes. It is not intended for 
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precise measurement of ionic processes appearing in the electric double 
layer. Second, the setup is protected from mechanical, optical, capacitive, 
temperature, and EM infl uences only up to the level allowed in a normal 
electronic laboratory. To improve the level of protection, for example when 
investigating the effect of very small infl uences, the experiments would 
have to be repeated in a special laboratory. We also did not investigate 
physico–chemical properties of water before and after experiments; these 
tests should be performed in such a laboratory. Third, we did not explore the 
impact of the geometrical placement of sensors and LED generator/water in 
all experiments, however it is assumed that such an impact exists and that 
the obtained results are infl uenced by it.

In the context of our research, the interaction between blue-light LEDs 
and deeply polarized electrodes introduces a new component in underwater 
communication. We observed this behavior in our original experiments. 
After performing experiment series C, this dependency became clearer. 
Since electric double layers are generally sensitive to mechanical and EM 
infl uences, it is possible that strong light or even the movement of mobile 
devices can be used to modulate an electric fi eld. This suggests future work.
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Appendix A
Experiment Setup

The original experiments (Bobrov 2009) used DC voltage up to 30 V. 
For the replication experiments we used the well-known four-electrode 
scheme (see Figure 17). The electrodes Vout take their voltage from a 
digital–analog converter (DAC) in the range of ±5 V. The current fl owing 
in the DAC circuit is converted to a voltage and digitalized by an analog–
digital converter (ADC). The voltage from Vin electrodes is amplifi ed by an 
operational amplifi er and also digitalized by an ADC. Both the DAC and 
ADC are connected to the microcontroller. Data are transmitted via a USB 
interface to a laptop and sampled at a frequency of 1 Hz in real time (each 
measurement from the ADC is time-stamped). We used two versions of 
this equipment. The fi rst version has an instrumental operational amplifi er 
(AD8226), external DAC (AD5322), and ADC (AD7656), and provides an 
accuracy of current and voltage measurement of μA and mV ranges of 0.1%.

The second version uses a programmable system on chip (PSoC) 

Figure 17. Structural scheme of the experiment setup.
 Voltage electrodes are installed only in setups 2 and 3.
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Figure 18. Noise produced 
by the DAC and 
power supply.
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Figure 19. Description of the experiment setups. 
 (a)  Setup 1, with a 1000-ml glass bottle containing a plastic tube of 3 cm 
        diameter. The electrodes are made of copper (in the form of a ring) and 
        installed on the plastic tube, distance between electrodes as shown. The 
        glass bottle is closed by a plastic cover, with the electrodes inside. 
 (b)  Setup 2 uses 300 ml water with 8 electrodes made from stainless steel of
        1 mm diameter. 
 (c)  Setup 3 has 3 independent sets of electrodes made from stainless steel
         of 1 mm diameter. Corresponding containers are glass jars of about 50 ml.
 (d)  Setup 4 has 3 independent sets of electrodes. The anode is a 1 mm wire,
        the cathode is a cylinder, both electrodes are made from stainless steel.
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CY8C5588AXI 060 with internal amplifi ers, DAC, and ADC. Accuracy of 
measurement is about 3%. The system is powered at 5 V through a USB 
interface from a laptop. The noise from the DAC and power supply is 
shown in Figure 18 and is in the range ±10 mV, about 0.3% of the voltage 
generated. To reduce the level of noise, a software fi lter averages values 
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from the ADC (current and voltage) within a sliding frame of fi ve steps.
The electronics also contain a 3D accelerometer KXSC7-2050 

(sensitivity 660 mV/g) and three types of temperature sensors: 
NCP21XV103J03RA (installed on PCB), LM35AH, and AD592CNZ 
(installed in the containers with electrodes). The sensitivity of temperature 
measurement is below 0.01 C with a 20-bit ADC. Setups 3, 4, and 5 have 
two, two, and four temperature sensors, respectively. Data from temperature, 
acceleration sensors, and voltage of power supply were recorded during all 
the experiments to demonstrate the infl uence of these factors. For calibration 
and test measurements, an Agilent Technology oscilloscope DSO1014A 
and true RMS Multimeter 72-7730 for accurate DC current measurement in 
the range ± (0.1% + 15) were used.

All setups were shielded in a similar manner. All sensors from setups 3 
and 4 were fi rst inserted into metal cans made of 0.5 mm steel (three sensors 
in each) (see Figure 1), and then both cans were placed into a box made 
from 1 mm brass. Each sensor from setup 5 was inserted into a pipe made 
of 3 mm brass. All metal cans, boxes, and pipe were grounded. Temperature 
shields were experimentally selected from several materials. First we used 
boxes made of 80-mm–thick styrofoam; however, it seems this material is 
not suitable for experiments. Finally, all metal containers were lined with 
10-mm rubber matting and empty space was fi lled up with wool.

Since the fi rst setup remained from our previous experiments and had 
copper electrodes, it was removed from further tests. All other electrodes 
were made from chromium–nickel stainless steel (setups 2, 3, 4) and 
platinum (setup 5) of 1 mm diameter. Setup 5 is similar to setup 3, only 
the electrodes are made of platinum and they can be shifted inside a glass 
container. In all setups we used deionized water produced by Walter Schmidt 
Chemie GmbH (osmosis approach) and double-distilled water produced by 
AuxynHairol.

The LED generator is shown in Figure 20. It consists of 169 blue-
light (470 nm) LEDs LC503FBL1-15Q-A3 placed in an area 120 × 120 
mm2. These have a luminous intensity of 11 cd and opening angle of 15 
degrees. The LED generator has eight switchable fi elds and is controlled 
by an ATMega328 microcontroller. Powering of the digital part and LEDs 
is independent for each, and the voltage applied to LEDs can be varied 
within 2.5–6 V. In other experiments with deeply polarized electrodes, 
we applied up to 48 V to LEDs—we have experimental evidence that 
LEDs with a higher voltage impact more intensively on sensors. The 
microcontroller has a temperature sensor. For experiments without an 
operator, the microcontroller monitors the environmental temperature and 
can autonomously start an experiment when the variation of temperature is 
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Figure 20. The LED generator.
 (a)  Structure of the LED generator 
 (b)  LED generator made with 169 blue-light (470 nm) LEDs 
 (c)  LED generator: rotation of sectors CCW and CW
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low (there is a log of all activities of the LED generator). We programmed 
four modes of operation: oscillation 1 (LED = 1, “on” pulse—1 μs, “off”—
333 μs), oscillation 2 (LED = 2, “on” pulse—100 ms, “off”—100 ms), and 
rotation of sectors CCW and CW (LED = CCW, CW, “on” pulse—100 ms, 
“off”—100 ms) (see Figure 20(c)). To avoid parasitic coupling, the LED 
generator ran on two, three, or four D-size batteries.
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Loss of sensitivity. After a while, sensors lose their sensitivity. This loss 
shows when the current quickly stabilizes to a particular value and does not 
indicate even normal environmental noise. This effect was confi rmed by A.V. 
Bobrov for his sensors. The timeframe within which a sensor loses sensitivity 
varies between a few days and a few weeks. We surmised that contamination 
of the electrodes was the reason for this effect; when it appeared, we replaced 
all the electrodes and changed the water. Sensors are also less sensitive when 
they relax after disturbances or after powering the systems. Usually, we waited 
for 6–8 hours after powering before operating the sensors. After disturbances, 
the relaxation time is between 3 and 12 hours. Loss of sensitivity could be 
one of the reasons why, in several experiments, some sensors did not record 
any changes of current, whereas other sensors did.

Voltage in a
inV   and b

inV  electrodes. In the second and third setups 
we used a

inV  and b
inV  electrodes to test the hypothesis that macroclusters 

of water dipoles were created (Zenin 2000). The idea is inspired by Orion 
Conductivity Theory (no date), in which a “current position” ( b

inV ) and 
a “fi eld position” ( a

inV ) in the four-electrode scheme are distinguished. 
Analyzing the state of the art in this area, we discovered a number of 
works (Vegiri & Schevkunov 2001, Rai, Kulkarni, Gejji, & Pathak 2008) 
concerning the clustering of water in electric fi elds as well as the simulation 
of clustering behavior (Kumar & Skinner 2008). Based on these works, we 
anticipated different potential dynamics of a

inV  and b
inV  electrodes. This 

was experimentally confi rmed, for instance in Figure 21 we plot a
inV  and 

b
inV  in two particular experiments. It can be seen that the potential for a

inV  
can change its polarity (the polarity of Vout remained constant); artefacts on 

Figure 21. “Current position” vs. “fi eld position”.
 (a)  Experiment A10
 (b)  Experiment A15

(a) (b)
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Figure 22. DAC current, “fi eld position,” 
and “current position”.

 See description in the text. 
 Dynamics of the current 

in the DAC circuit (a), and 
the voltage on b

inV  in the 
electrodes (b) and on a

inV  in 
the electrodes (c) are shown.
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one set of electrodes were not observed on other sets of electrodes. In the 
preliminary experiments with the LED generator (discussed in the section 
Experiment Series C) we recorded the dynamics a

inV  and b
inV and the 

current in the DAC circuit, as shown in Figure 22.
We can see that a

inV  demonstrates similar dynamics on the current, 
that is the voltage of the four- and six-electrode schemes are also sensitive 
to non-EM fi elds. Since these experiments move away from the original 
approach (Bobrov 2006), we decided to postpone them and, for this work, 
concentrate on current detection. In setups 3, 4, and 5 we analyzed only the 
current fl owing through the DAC circuit.

Auto-oscillation mode. As mentioned in Bobrov (2009, 2006), 
sensors can enter a so-called “auto-oscillation” mode. The period of these 
oscillations varies between a few minutes and a few hours. We are unable 
to estimate the current range in which the auto-oscillation can appear. We 
observed the spontaneous start of oscillations between 4 and 40 μA, that is, 
in the whole range of current measurement. Bobrov (2006) suggested that 
this mode is more sensitive to non-EM fi elds.


