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The investigation presented in the paper was performed in the laboratories of the Department of Theoretical and Experimental Electrical 
Engineering, Faculty of Electrical Engineering and Communication, Brno University of Technology, between April22 and June 26, 2014. 
We examined a homogeneous sample of male and female participants comprising a total of 49 persons aged 19 to 26. The time required 
for the measurement of psychophysiological parameters corresponded to 19 minutes, encompassing five stages: Basic (5 mins.), Color (2 
mins.), Rest (5 mins.), Math (2 mins.), and Rest (5 mins.). All the measuring cycles were carried out using a BioGraph Infiniti device 
(Thought Technology, Ltd.). Generally, the impact of the environment upon living organisms constitutes a crucial problem examined by 
today’s science. In this context, the present article describes the results of an investigation focused on ionosphere parameter variation and 
its role in the basic function of the nervous system. The discussed research concentrates on the measurement and detection of changes in 
the region of very low electromagnetic field frequencies; the authors introduce and verify related theoretical and experimental procedures 
to define the effects that influence brain activity and the cardiovascular system.  
 
Keywords: Ultra low Frequency, Super Low Frequency, Extremely Low frequency, BioGraph Infiniti, Schumann resonances, heart 
coherence. 
 
 
 
 
1.  INTRODUCTION 

The low-level measurement of low frequencies (0.01-
10 Hz) performed to evaluate the effect of magnetic fields 
on the human organism can be regarded as an 
interdisciplinary branch of science that embraces different 
types of research. In this context, it is important to consider 
applied research disciplines, such as the measurement and 
radar technology in the following ranges: the ULF (Ultra 
Low Frequency Band: 300 Hz – 3 KHz), SLF (Super Low 
Frequency Band: 30 Hz – 300 Hz), and ELF (Extremely 
Low Frequency Band: 0.1 Hz – 30 Hz) [3]. The current 
status of knowledge in the given field is relatively 
unsatisfactory, and certain hasty conclusions have been 
made and subsequently applied even in hygienic standards. 
An example of such standards is the guideline issued by the 
Council of Europe and implemented by ICNIRP [4] in 1999 
to establish the boundary values of magnetic flux in relation 
to the speed of magnetic field variations for very slowly 

changing currents. More concretely, this guideline 
introduces the value of 50 mT/s as the maximum magnetic 
flux change acceptable in an environment having a variable 
magnetic field at the frequency of 1 Hz and characterized by 
permanent presence of humans. This value is many million 
times higher than the largest changes hitherto measured 
during processes referred to as magnetic storms, in which 
the Earth was exposed to charged particles from the Sun.  

The paper proposes an experiment involving 
comprehensive coverage of measurable parameters of the 
human body in a homogeneous sample of participants; the 
participants are monitored repeatedly, and the relevant 
parameters are evaluated with respect to external magnetic 
field changes. The generation and effects on the human 
organism of low-level magnetic fields induced by solar 
activity were described previously, [3] and [4]. 

According to the conclusions of the secondary research, 
there is mutual interaction between low-level electric or 
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magnetic fields irradiated by both humans and the 
geomagnetic system. We present a portion of the research 
conducted in this province at the Department of Theoretical 
and Experimental Electrical Engineering (DTEEE), Faculty 
of Electrical Engineering and Communication (FEEC), Brno 
University of Techology (BUT); the investigation exploits 
the current knowledge of low-level magnetic fields 
generated by the geomagnetic mechanism and the solar 
system. The attention is centered on examining the effect of 
solar activity-induced changes in Earth’s magnetic system. 
In this context, the research also focuses on proving the 
existence of that effect as a result of geomagnetic storms, 
which substantially influence low-level magnetic fields 
affecting the human organism, including its behavioral 
patterns and decision-making [5]. The detection of changes 
and disturbances in the geomagnetic field could be 
performed by means of the Schumann resonances. Until 
recently, the relevant oscillation was at the average yearly 
frequency of fsch=7.83 Hz; this frequency changes in 
consequence of the impact exerted by phenomena such as 
the solar wind or greenhouse gases. In 1953, Professor 
W.O.Schumann of the Technical University of Munich, 
Germany [6] found out that the cavity between the 
ionosphere and Earth’s surface could be interpreted as a 
spherical resonator. 

 
2.  SUBJECT & METHODS 

The laboratory-based research comprising a homogeneous 
sample of 49 subjects (men and women aged 19 to 25) 
began on April 22, 2014 and lasted until June 26, 2014 [7]. 
The young age and homogeneity characteristic of the group 
of participants led to stable cognitive competencies such as 
working memory, selective attention, multitasking, task 
switching, response monitoring, and error detection. Nearly 
all of these functions show an age-related decline [8]. The 
total time required for the examination of the 
psychophysiological parameters of a subject corresponded 
to 19 minutes. We used a Nickelodeons Infiniti [9] (Thought 
Technology, Ltd.) unit to perform the entire task, and the 
measurement proper involved five phases: Rest; Color; Rest; 
Math; and Rest. At the Color stage, a special (Stroop) test 
was utilized to acquire the psychophysiological responses of 
each subject to a load on their organism. Generally, this tool 
demonstrates that a person performing the given task can be 
easily distracted due to their automatic reactions and habits; 
the procedure is named after John Ridley Stroop (1897 - 
1973), the American psychologist who first described the 
phenomenon in 1929 [10]. In the Math phase, then, the 
participants were asked to progressively subtract the number 
7 from the initial value of 1081, and we examined the 
psychophysiological stress generated during such quiet 
countdown. The total number of measurements was 210, 
with the average of 4.29 per participant. The relationship 
between the above total count and the number of subjects 
who completed the task is shown in Table 1. The laboratory 
was configured to facilitate the measurement of comparable 
parameter values, namely constant temperature, noise, 
humidity, lighting, concentration of positive and negative 
ions, and homogenized geomagnetic field component 
(Fig.3.c)). 

3.  RESULTS 

A major part of the laboratory research consisted of large-
scale collection of psychological data from all participants 
(respondents) via several psychological tests, including an 
ASS-SYM test; this tool measures a respondent’s sensitivity 
to changes in the transition from load to relax. All the results 
were then correlated with the psychophysiological 
measurements. 

 
Table 1.  The relationship between the number of completed 

measurements and the number of respondents. 
 

Number of 

respondents 

Number of 

measurements 

4 1 
1 2 
4 3 

12 4 
24 5 
4 6 

49 SUM 
 

The measurement comprised three relaxation and two 
stress phases, with an emphasis on intensive psychological 
stress in the participants. The stress stages were induced 
using a low-level electromagnetic field generator, an 
amplifier, and Helmholtz coils to interact with the EEG 
brain waves of the participant involved. The resulting low-
level field enabled us to simulate the effect of solar activity 
changes as an additional offset to the related real intensity 
indicators prepared for each day by NASA. The field 
strength in the Helmholtz coil was set to the level of the 
terrestrial magnetic field, and the major parameters were as 
follows: pulse f = 1 kHz; start = 100 ns; wavelength λ = 
50.4 km and λ/2 = 25.2 km; T = 168 µs; amplitude 1 V on 
the generator- amplified, out of coil; Bmax=60 µT, 
according to Fig.1. The indicated spectrum is a swept one, 
between 0.01 Hz and 30 Hz. 

 

 
 

Fig.1.  The waveform to offset field strength in the Helmholtz coil. 
 

Fig.1. and Fig.2. illustrate the stimulation and 
measurement apparatus, and Fig.3. presents shots of the 
BioGraph Infiniti measurements. 

In the course of the experimental research, a large volume 
of psychophysiological data were measured with the 
BioGraph Infiniti software; the actual measurement 
fundamentally exploited the states of relaxation and mental 
load placed upon each participant, whose mental condition 
was subsequently evaluated by means of psychological tests.  
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Fig.2.  A scheme of the measurement and simulation apparatus. 
 
 

 
a) 
 

 
b) 
 

 
c) 
 

Fig.3.  The documentation shots from the laboratory 
measurements, a), b); the room with a geomagnetically stable 
magnetic field component, c). 

 
The determined states can be expressed qualitatively. 

Based on the obtained information, we created a large, 
unique set of correlational dependencies existing between 
psychophysiological parameters of the human organism (or 
the related qualitative psychological measurement) and the 
intensity of solar activity. 

Solar wind particles captured by Earth’s magnetic field 
travel, especially in polar areas, along magnetic lines up to 

the upper layers of the atmosphere, where they – together 
with ultraviolet radiation from the Sun – excite and ionize 
neutral atoms. The excited atoms then emit a typical glow to 
form the well-known aurorae, and these ionized atoms are 
seized by the magnetic lines and move freely along them. 
Through this description, we have merely summarized 
general facts commonly exploited and referred to by various 
researchers. Methods and procedures for the measurement 
of ionosphere changes are currently available [11], Fig.3. In 
this context, secondary investigation of earlier observations 
may enable us to point out the connection between magnetic 
field changes and the social behavior of a group of humans. 
The corpus of specialized research on the problem 
comprises a large number of fundamental papers and 
monographs; interestingly, the achievements of the author of 
[12], Rollin McCraty, could also be of importance in many 
respects. McCraty gradually analyzed the impact of the 
environment on the physical, mental, emotional, and 
spiritual coherence of an individual, and he also outlined the 
relationship between these aspects and the cardiovascular 
system with its resonant frequency of 0.1 Hz (the ELF band 
of between 0.04 and 0.26 Hz, a precondition of cardiac 
coherence). Tchijevsky, then, found out that 80 % of the 
most significant events in human history occurred within an 
approximately five-year segment of solar activity, as 
illustrated in Fig.4., [12].  
 

 
 

Fig.4.  The values of solar activity since 1874, [12]. 
 

With respect to these aspects, however, no investigation 
has been performed thus far with a homogeneous group of 
selected human subjects to prove the long-term impact of 
changes in Earth’s magnetic field and to eliminate any 
possible major influence of other factors. 

During our experimental research, solar activity was 
monitored via NASA-indicated data: values acquired from 
daily solar activity measurements are collected by the 
agency for scientific purposes. Relevant graphs within this 
analysis present the solar activity record characterizing the 
activity period observed at the DTEEE, FEEC, Brno 
University of Technology. 

The parameter of the Sun reflects the actual influence of 
solar wind particles, which – according to the velocity of the 
wind – bombard Earth’s atmosphere, with a delay of 
between 2 and 8 days. A related study proposes that solar 
winds could be interpreted as collision less plasma moving 

Stimulation of the respondents 

with external magnetic 

fieldpulses 
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radially from the Sun at speeds oscillating between 300 and 
800 km/s. The concentration of the wind varies from 1 to 
10 cm-3, and its temperature ranges between 1 – 30 eV. The 
mass spectrum comprises mainly protons (~96 %) and 
helium nuclei (~4 %); the proportion of heavier elements is, 
for our purposes, negligible. In order to facilitate the 
measurement of solar wind parameters (or, more concretely, 
the proton component), a suitable detector was designed to 
operate from the orbit. 

 
Hypotheses: 
H0.  The low-level magnetic fields generated by solar 
activity exert a negative impact on the human organism and 
influence human behavior and decision-making. 
H1.  The mutual interaction between the low-level magnetic 
and electromagnetic fields of a human subject and the low-
level magnetic fields induced by geomagnetic changes 
constitutes a significant phenomenon. 
H2.  Solar activity, the resulting manifestations of 
geomagnetic storms, and their comprehensive effect on the 
human organism as regards economic behavior and 
decision-making are directly interrelated factors. 
 

 
 

Fig.5.  The progression of solar activity during the experimental 
research specified in chapter 3 (investigation performed between 
April 22 and June 26, 2014). Source: [13]. 

 
Data Analysis: 
Static input psychological prerequisites 

Before the actual commencement of the research, the 49 
participants were assessed with the ASS-SYM and MBTI 
psychological testing methods. At the initial stage, before 
analyzing the methodology, we consider it important to 
introduce a brief definition of health as an underlying 
concept within our investigation. According to World 
Health Organization, health is “a state of complete physical, 
mental and social well-being and not merely the absence of 
disease or infirmity” [14]. This definition then leads us to a 
rather narrow domain of psychological methodology, 
namely self-assessment scales. With respect to these 
instruments, it is possible to accentuate the ASS-SYM, a 
representative method designed by the German psychologist 
Gunther Krampen [15]. The ASS-SYM, or 
Änderungssensitive Symptom Liste, constitutes an index of 
change-sensitive symptoms related to relaxed perception 

and experiencing, life satisfaction, mental load, problems, 
and other aspects outlined in [15]. The list comprises 48 
items, within which each participant expresses themselves in 
four degrees. As proposed, the symptoms are sensitive to 
changes during autogenic training and progressive 
relaxation. The ASS-SYM has been verified as a part of the 
overall evaluation of the quality and effect of various 
therapeutic procedures; its advantage consists in that, unlike 
some other techniques, the discussed instrument does not 
cause excessive stress to the examined subject or bring any 
additional difficulties. The subscales relate to 6 areas (each 
comprising 8 items), and these domains involve several 
specific activities or elements: the examination and 
influencing of “intrinsic” mental processes such as the 
interpretation and assessment of the self and the 
environment; the core beliefs and assumptions of who I am 
and what the world around me is like; and determining the 
interrelationships or mutual impact between emotional 
experiences and cognitive mechanisms (or, in plain words, 
finding out how the brain and the heart influence each 
other). By definition, the areas concerned are presented as 
follows: 
• Physical and mental exhaustion (such as “sleep disorder 

and falling asleep difficulty“); 
• Nervousness and mental tension (“internal stress, 

nervousness“); 
• Psychophysiological dysregulation (“inappetence“); 
• Behavioral and performance-related disorder 

(“performance anxiety prior to tests, exams, and similar 
situations “); 

• Self-control difficulties (“head aches or pressures“); 
• General symptoms and problems (“indecisiveness, 

decision-making difficulty“). 
The initial psychological examination as a component of 

the wider test of the impact of geomagnetic field changes on 
a human being was attended by 38 from the total of 49 
participants, and the obtained results are indicated in Fig.6. 
below. 

In the course of the measurement, the majority of 
participants (mostly of military background) exhibited 
physical and mental exhaustion, behavioral and 
performance-related disorder, and burden of pain. Nine 
participants were affected by simultaneous action of all the 
three effects; interestingly, in six participants out of these 
nine we detected concurrent affection by 5 from the above-
outlined 6 effects. This set of participants will be hereafter 
referred to as emotionally labile, EL. Even though a 
majority of the symptoms clearly manifested themselves at 
this stage, none of the subjects exhibited 
psychophysiological dysregulation. 

The follow-up phase of the research consisted of MBTI-
based personality testing. In spite of substantial character 
differences, the participants can be classified into 16 basic 
categories, each comprising a set of subjects with certain 
identical traits; thus, we respect the system of personality 
types founded by Carl Jung, further developed by American 
researchers Katharine Cook Briggs and Isabel Briggs Myers, 
and refined to its current forms (as regards, for example, the 
nomenclature) by later 20th century scholars [17]. 
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The relevant classes are determined via the Myers–Briggs 
Type Indicator (MBTI); when using this instrument, we 
adopted – in accordance with the above references - 
personality type denomination variants that best suited our 
purposes, and the applied typology then was as follows:  
The type indicator (MBTI) was applied in only 44 out of the 
total of 49 respondents; a portion of these subjects did not 
participate in the initial psychological testing and attended 
merely the laboratory measurements. The MBTI test was 
performed prior to the measurement cycle via psychological 
testing of each participant. 

 

 
 

Fig.6.  The assessment performed via the ASS-SYM instrument. 
Source: [16]. 

 

 
 
Fig.7.  The cyclic change of the mental state in the three 
respondents specially observed during the experimental research. 
[16].  

In the given context and as already outlined, from the 
general and theoretical perspectives, we investigate the 
influence of geomagnetic fields in relation to “intrinsic” 
human mental processes, such as the interpretation and 
evaluation of the self and the environment, core beliefs and 
assumptions of who I am and what the world around me is 
like, and we also focus on defining the mutual interaction 
between emotional experiences and cognitive processes, 
between the brain and the heart [18]. 

 
Dynamic gradual psychological prerequisites 

Each psychophysiological measurement cycle was 
preceded by a Lüscher color test session. The Lüscher test 
concept comprises 8 color cards (blue, green, red, yellow, 
violet, brown, grey, and black) combinable into 40,320 
possible answers. The main advantage of the instrument 
consists in its hidden validity: as the participant does not 
know the purpose of this particular test and cannot estimate 
what is being defined by it, they are not able to suitably 
modify their answers in advance to fit the presumed or 
desired result. Applicable criticism targeting the alleged 
insufficient reliability of the method is analyzed by, for 
example, the main author of papers [19], [20], and [21], who 
proposes that the test captures the dynamics of mental states 
and that “the determination of reliability in the sense of 
consistency is not feasible” owing to the structure of the 
instrument. The repeated use of the Lüscher color test 
enabled us to reveal progressively the actual mental state of 
the respondents prior to the main psychophysiological 
measurement, especially as regards the following 
parameters: 

S – deteriorated mental condition; A – anxiety; B – 
emotional discomfort; A, B – mental imbalance. 

The pattern in Fig.7. shows deteriorated mental condition 
in three subjects of the EL group; this decrease occurred 
cyclically during the entire experimental research and in all 
the monitored variables.  

 

 
 
Fig.8.  The sample of participants exhibiting reduced performance. 

Source: [16]. 
 

Participant No. 
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Another quantity monitored within the dynamic 
psychological data was mirror drawing, intended to define 
the instantaneous performance rate of the subjects. This 
activity was used to conclude each physiological 
measurement session. Fig.8. then represents the set of 
participants who exhibited signs of reduced performance; 
this group comprises32 out of the 49 respondents 
participating in the psychophysiological measurement. 

 
Relationship between individual changes in the intensity 

of solar processes, and the effect of such changes on the 

skin conductance of examined participants  

According to a major reference [22], skin conductance 
changes are caused by activation of the autonomic nervous 
system rather than by emotions. Based on the actual needs, 
however, strong emotions prepare the human organism for 
an intensive activity; variation in emotions is then 
accompanied by accelerated breathing, cardiac function, and 
vascular circulation. This process results in altered skin 
conductance, from the lowest level in sleep to the highest 
one attained under conditions such as emotional stress. The 
present study follows from the assumption that emotional 
lability in responsive individuals is directly related to and 
incited by changes of solar activity; conversely, in the same 
context, participants classified within the preliminary testing 
cycle as emotionally stable will be generally less sensitive to 
the discussed variations. The performed measurements 
propose that, in emotionally responsive individuals, skin 
conductance depends on changes in the intensity of solar 
activity (namely, the increase or decrease of such activity) 
rather than on its amplitude. As illustrated in Fig.9., the 
variation of solar activity then constitutes an element 
abetting emotional lability in humans, and this condition 
manifests itself in the growth of skin conductance. During 
the laboratory-based measurement of the psycho-
physiological parameters of the human organism in relation 
to the intensity of solar activity, we simulated the effects of 
such activity via using a pulse magnetic field (as already 
mentioned above) that exhibited the magnetic flux density 
of Bmax=60 µT in the region outside the Helmholtz coil; this 
field spread out towards the head of a participant, into 
a homogenized environment (this environment was 
completed with a special shielding bolster located in the 
vicinity of a participant, embodying the modification of 
Earth’s inhomogeneity - namely, a quasi-stationary field - 
and the influence of natural radioactivity). At the head of 
a participant, which was positioned outside the absolutely 
homogeneous field, we set/measured Bmax= 5.0 µT. The 
exposure to the given field was invariably triggered in the 
Color and Math load phases, in two-minute intervals. For 
the purposes of pulse measurement, identical repeatable 
conditions were set for all participants. The exposure was 
eliminated from the Rest stages. The total experiment time 
allocated to each respondent, including the preparation and 
connection to the measuring apparatus, equaled 40 minutes; 
within this period, a participant was exposed to the 
applied pulse magnetic field for four minutes. 

Within the research, we also considered the actual effect of 
solar activity, assuming the delay of -4 to -8 days according 
to the relevant solar wind intensity (Fig.5.). The laboratory-
based simulation of the conditions enabling the effect of 
solar activity brought into the measurement an additional 
gradient of low-level magnetic field changes in different 
phases of the psychophysiological measurements. Such 
changes are exemplified, with respect to skin conductance, 
in Fig.9., which also indicates the action of an offset pulse 
(twice every two minutes) during the entire forty-minute 
measurement. To amplify the effect of an external magnetic 
field resulting from solar activity, we performed the 
measurement in the lowest lying laboratory of the DTEEE. 

 

 
 

Fig.9.  The variation of solar activity constitutes an element 
abetting emotional lability in humans; this condition manifests 
itself in the growth of skin conductance [16]. 

 
Changes in the intensity of solar activity and their effect 

on cardiac variability in the sample of participants  

The theoretical basis for the domain of cardiac variability 
exploits the frequency analysis specified in Table 2. 

A relevant reference [23] proposes that heart rate 
variability (HRV) is considered the neurocardiac function 
factor which reflects the interaction between the heart, brain, 
and autonomic nervous system (ANS) dynamics. All HRV 
parameters are derived from the evaluation of natural 
heartbeat changes, and HRV as such is substantially more 
than a mere indicator for cardiac frequency assessment: it 
reflects the complex interactions between the heart and a 
high number of bodily systems [24]. The optimum level of 
variability in key regulation systems of an organism has 
fundamental meaning for its internal flexibility and 
adaptability or, by extension, the resistivity and immunity, 
which embody a healthy coherent function and overall well-
being. While an excessive amount of instabilities exerts a 
negative impact on effective physiological functioning and 
energy usage, a variation too low denotes an energy 
decrement or cardiac pathologies [25]. 
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Table 2.  The description and definition of the calculated 
parameters of the spectral analysis of cardiac frequency variability 
[25]. 

 

 
 

The quantity or extent of total HRV relate to the present-
day lifestyles and are higher in younger people than in older 
ones [26]. A low HRV constitutes a strong and independent 
predictor of future health problems, including all mortality 
causes [27], and it is connected with a number of health 
conditions [28], [29]. Generally, HRV is also a significant 
indicator of not only psychological and behavioral resilience 
but also the ability to adapt oneself effectively to varying 
social or environmental conditions [30], [31], and HRV 
quiescent levels are associated with individual cognitive 
performance differences in tasks that require the use of 
physical performance functions [31]. Heart rate variability is 
reflected in the total cardiac power spectrum as a large 
output increase within low frequency (LF) bands (typically 
around 0.1 Hz) and a decrease at very low frequencies 
(VLF) or in high frequency (HF) bands [32], [33]. Thus, 
heart rate variability can be defined as relatively harmonic 
(sine-wave-like) signals with very narrow and high peak 
amplitude in the LF region of the HRV power spectrum but 
without main peaks in the VLF or HF regions. This holds 
true for the respiratory frequency of about 6 breaths per 
minute, where the complex ICA is reduced, and the 
characteristic introduced in the above definition is regarded 
as the load for the organism and possible training. Such 
variability then approximately consists in the amplitude ratio 
LF / (VLF + HF); more specifically, for the above-described 
problem, variability is observed between 0.04 and 0.26 Hz 
of the total power spectrum range. In general terms, the 
discussed phenomenon constitutes a highly effective 
functional mode that is closely connected with the expedient 
use of energy sources and with many health-related 
advantages. These include six central aspects, namely  
1) resetting the sensitivity of the baroreceptors that relate to 

short-term blood pressure control and increased 
respiratory efficiency [34];  

2) increased vagus nerve afferent stimulation, which 
participates in the inhibition of signals in sympathetic 
nerves [34];  

3) improved cardiac output in conjunction with enhanced 
efficiency in fluid exchange, filtering, and absorption 
between the capillaries and tissue [34];  

4) strengthened ability of the cardiovascular system to 
adapt to circulation requirements;  

5) increased time synchronization of cells in the whole 
body (Langhorst et al. 1984); and  

6) improved synchronization of the mutual activity of ANS 
branches [24].  

The above elements all result from the overall coherence 
to energetically enhance the entire system [34]. Another 
facet of the variability mode is the resonance effect. In this 
context, applicable mathematical models can be used to 
demonstrate that the resonant frequency of the human 
cardiovascular system is determined according to the 
feedback between the heart and the brain [34]. In humans 
and a large variety of animals, the resonant frequency of the 
system corresponds to approximately 0.1 Hz. Based on the 
proposed details, we can conclude that variability and 
resonance are typical of the natural physiological effects 
associated with the heart; these effects constitute and induce 
positive emotions. The graphs below show a continuous, 
solar activity-related BVL HF and BLV LF heart variability 
record of the selected sample of emotionally labile 
respondents. According to the graphically presented data, a 
higher emotional load was accompanied by a domination of 
BVP LF. However, it is not completely clear whether the 
cause of the higher BVP LF consisted in a changed intensity 
of solar activity or in the actual emotional character of each 
respondent within the EL group. 

Functions of the ANS are also markedly influenced by 
respiratory sinus arrhythmia, which is, from the frequency 
perspective, found in the predominantly weighted spectrum 
(HF) situated between 0.15-0.4 Hz; the respiratory 
frequency then correspondingly ranges between 9-24 
breaths/min. In the described experimental research, we 
observed negative breathing, where thoracic respiration 
dominates. By correlating such negative breathing with solar 
activity changes, we reach the conclusion that, in the group 
of emotionally labile respondents, negative breathing 
manifested itself mainly as a result of a change of the 
intensity of solar activity without any major influence of the 
amplitude of such activity.  
 
4.  DISCUSSION / CONCLUSIONS 

During the experimental research, large amounts of 
quantifiable psychophysiological data based on the states of 
relaxation and mental load were obtained using the 
BioGraph Infiniti software. In this context, we also 
employed psychological tests to determine the mental state 
of the respondents, and the results of this phase can be 
expressed qualitatively. These procedures enabled us to 
form a unique, extensive group of correlational 
dependencies existing between psychophysiological 
parameters of the human organism and the intensity of solar 
activity with corresponding changes of the external 
electromagnetic field. 
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Impact of changes in the intensity of solar activity on 

skin conductance (skins) in the examined respondents 

According to the research presented in [26], skin 
conductance changes are induced by the activation of the 
autonomic nervous system rather than by emotions. Strong 
emotions, however, prepare the human organism for a major 
activity, depending on the actual need; in the course of an 
emotional change, the breathing, cardiac activity, and 
vascular circulation all accelerate. This process then results 
in changed skin conductance, from the lowest level during 
sleep to the highest values typical of situations such as 
emotional stress. 

Significantly, this paper as a whole is based on the 
presumption that the lability of individuals more prone to 
being influenced by emotional stimuli will be abetted by 
variation in solar activity; conversely, in this context, those 
participants who exhibited relatively consistent emotional 
stability during the pre-research testing will show less 
dependence on the discussed changes. The measurement 
results propose that skin conductance in emotionally 
sensitive individuals depends on variation in solar activity 
(growth or drop) rather than on its amplitude. According to 
Fig.10., a solar intensity change increases the rate of 
emotional lability in the human organism, thus also causing 
the relevant skin conductance to grow. 

 
Impact of changes in the intensity of solar activity upon 

heart variability in the respondents 

The research showed that such correlational dependence 
manifested itself markedly in skin conductance (or its 
growth) and heart variability via changes in the LF/HF 
frequency ratio, shown in Fig.11.; domination of the 
parasympaticus was observed, and thoracic respiration, i.e., 
negative breathing, prevailed over abdominal respiration. 

The evaluation presented herein relates to participants 
whose psychological test results (those obtained from the 
ASS-SYM, MBTI, Lüscher–Color–Diagnostik, and mirror 
drawing) exhibited increased mental lability. 

 

 
 

Fig.10.  The relationship between skin resistance and solar activity 
changes in labile individuals. Source: [16]. 

The follow-up research will continue to evaluate the 
above-described dependencies in all participants, thus 
including also those who showed stable or variable mental 
condition, and the individual procedures will enable us to 
establish a benchmark for the psychophysiological 
parameters of healthy, mentally balanced subjects. Further, 
this benchmark is expected to facilitate mutual comparison 
between the groups of participants involved in the research. 

The investigation of the intensity of solar activity, a 
phenomenon contingent on changes of solar wind intensity, 
was performed in the course of using data acquired and 
classified by NASA.  

 

 
 

Fig.11.  The dependence of the BVP HF and BVP LF signals on 
solar activity in emotionally labile participants. Source: [16]. 

 
At this point, we can note again that the primary aim of 

our effort lies in defining the impact of solar wind intensity 
changes on emotions, stress generation, and performance in 
a homogeneous sample of participants. Research of such 
scope has not been published thus far; one of its central 
benefits is the formation of a benchmark of 
psychophysiological values acquired from a homogeneous 
set of participants, the basic data range being as follows: 
Age: 20 to 31 
Body temperature before *)PP measurement: 35.5 to 37.5 
OC 
Body temperature after *)PP measurement: 35.5 to 37.0 OC 
Systolic blood pressure before *)PP measurement: 100 to 
180 mmHg 
Diastolic blood pressure after *)PP measurement: 40 to 
91 mmHg 
Systolic blood pressure before *)PP measurement: 94 to 
185 mmHg 
Diastolic blood pressure after *)PP measurement: 48 to 
99 mmHg 
Number of sunspots during (Plasma waves hitting Earth) 
*)PP measurement: 140 to 2226 p/cm3 – number of sunspots*)PP: 
psychophysiological measurement with the BioGraph Infiniti device. 

The output of the measurement cycles is summarized in 
Table 3.; while the relaxation phases Basic and Rest lasted 5 
minutes, the Color and Math stages ran for two minutes 
only. Table 3. also shows the ranges of the measured 
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psychophysiological values in the individual, consecutive 
phases. Importantly, special emphasis was placed on 
examining the LF/HF ratio; at high solar wind intensities, 
domination of the parasympaticus was observed. The 
standard deviation of this LF/HF ratio, depending on solar 
wind intensity changes determined by the number of 
sunspots, is illustrated in Fig.12. below. 

The above figure indicates that, at low solar wind rates, the 
dispersion of the LF/HF values is more uniform, with min. 
0.084 and max. 5.71. At high solar wind intensity rates 
(from 1,000 units), the dispersion of the LF/HF values tends 
to grow and exhibits greater dynamics, namely, min. 0.056 
and max. 10.94. Fig.12. simultaneously shows volatility 
differences in the standard deviations characteristic of the 
individual load phases (Basic; Color (two-minute color 
reading); Rest; Math (two-minute progressive subtraction of 
the number 7 from 1081); and Rest). 
 

 
 

Fig.12.  The BVP LF/HF standard deviation. Source: [16].

 
Table 3.  The ranges of the measured psychophysiological values. Source: [16]. 

 
Sequence Basic Color Rest Math Rest 

B: BVP amplitude mean (Rel) 0 30.0 0 20.6 0 22.0 0 21.9 0 21.2 

B: BVP HR mean (beats/min) 0 125.84 0 123.12 0 97.72 0 125.28 0 99.68 

B: BVP HR std. dev. 0 60.66 0 45.61 0 44.44 0 43.22 0 46.07 

B: BVP peak freq. mean (Hz) 0 0.27 0 0.26 0 0.24 0 0.33 0 0.27 

B: BVP IBI std. dev. (SDRR) 0 366.1 0 361.47 0 366.88 0 426.15 0 363.13 

B: BVP VLF % power mean 0 44 0 65.36 0 46.41 0 67.27 0 51.25 

B: BVP LF % power mean 0 86.39 0 84.76 0 71.82 0 87.18 0 68.4 

B: BVP HF % power mean 0 80.94 0 61.57 0 79.89 0 74.99 0 77.54 

B: BVP ULF % power mean 0 16 0 31.13 0 17.7 0 32.75 0 14.98 

B: BVP VLF total power mean 0 2549.09 0 3525.78 0 12547.57 0 2874.66 0 7478.45 

B: BVP LF Total power mean 0 5142.99 0 12113.5 0 8879.18 0 5915.88 0 12536.73 

B: BVP HF total power mean 0 4464.12 0 11793.98 0 6587.36 0 7841.5 0 7094.28 

B: BVP LF/HF (means) 0 14.85 0 14.79 0 9.02 0 30.94 0 7.13 

Total spectral power 0 8629.04 0 21593.77 0 15467.89 0 13758.13 0 16747.21 

C: EMG mean (uV) 0 592.58 0 623.16 0 600.11 0 622.14 0 615.93 

D: EMG mean (uV) 0 219.63 0 325.07 0 380.12 0 613.48 0 502.14 

E: Skin conductance mean (uS) 0 17.34 0 20.58 0 18.27 0 19.19 0 17.49 

E: SC as % of value mean (%) 0 346.9 0 411.68 0 365.38 0 383.88 0 349.89 

F: Temperature mean (Deg) 0 36.01 0 35.98 0 36.07 0 36.04 0 36.08 

F: Temp as % of value mean (%) 0 36.74 0 36.72 0 36.81 0 36.77 0 36.82 

G: Resp rate mean (br/min) 0 18.8 0 15.25 0 18.77 0 19.75 0 18.8 

B&G: (HR max-min) mean (b/min) 0 51.72 0 116.92 0 84.94 0 102.94 0 92.24 

G: Abd amplitude mean (rel) -0.69 5.17 0       5.6 0 4.61 0 3.64 0 4.82 

H: Thor amplitude mean (rel) 0 4.03 0 4.43 0 3.35 0 3.03 0 2.99 

G&H: Abd-tho ampl diff (means) -2.27 4.53 -3.29 4.62 -2.23 3.8 -2.26 3.3 -1.78 3.51 
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Within the planned follow-up activities, we will 
concentrate on further examination of the investigated 
variables, or the HRV, EMG [32] and [33], Skins [34], Abd 
and Thor respiration amplitudes, which were systematically 
monitored in the course of the research involving a 
homogeneous sample of participants. 

 
APPENDIX 

The article discusses the results and evaluation of a cycle 
of experimental measurements performed to define the 
impact of solar activity upon an individual and their social 
interactions. The related primary research has shown that 
geomagnetic field changes resulting from solar eruptions 
affect the neurophysiological condition and status of a 
human being within society. The obtained knowledge and 
conclusions are of major importance for predictive control 
applications related to the management of social and 
economic processes (such as those within healthcare, 
transportation, industrial and financial markets, and supply 
of energy and goods).  

The experiment was performed with the intention to screen 
out the influence of Earth’s external quasistationary field.  

Using a source of an offset magnetic field to simulate in 
laboratory conditions the effect of changes in the intensity of 
solar activity amplified the variation of psychophysiological 
parameters, depending on solar activity. The problem of the 
possible effect of greenhouse gases and the related impact 
on the ionosphere was not analyzed within the described 
research, mainly because, from the perspective of the time 
domain, ionospheric changes due to climatic variation are 
very slow with respect to the manifested effects of solar 
activity. 
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