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Abstract— The impact of the environment upon living organisms constitutes a crucial problem
examined by today’s science. In this context, research institutes worldwide have analysed diverse
positive and negative factors affecting the biological system of the human body. One such factor
consists in the influence of the surrounding electromagnetic field. This paper presents the results
of an investigation focused on ionosphere parameter changes and their impact on the basic func-
tion of the nervous system. It is a well-known fact that the frequency of the alpha waves of brain
activity [1] ranges within 6-8 Hz. Changes in the electromagnetic and chemical structure of the
Earth’s surface may cause variation of signals in the above-defined frequency region of 6-8 Hz.
Detailed examination of the overall impact of environmental factors upon the human organism
is performed within a large number of medical disciplines. The research presented in this paper
is concentrated on the sensing and detection of changes in the region of very low frequencies of
the electromagnetic field; the authors use both theoretical and experimental procedures to define
the effects that influence brain activity.

1. INTRODUCTION

The low-level measurement of low frequencies (0.01-10Hz) 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.

The set of provinces subsumed within the discussed subject comprises elementary research dis-
ciplines such as particle physics, geophysics, astrophysics, and metrology, which are all related to
the investigation of the ionosphere and magnetosphere. Moreover, medical fields and problems,
for example neurology and circadian rhythms, are also included in the scope of contributing ele-
ments. By further extension, the low-level measurements are interesting from the perspectives of
theoretical electrical engineering and research of magnetic fields.

At this point, is is important to consider applied research disciplines, for example the measure-
ment and radar technology in the following ranges: the ULF (Ultra Low Frequency Band: 300 Hz—
3kHz), SLF (Super Low Frequency Band: 30 Hz—300 Hz, and ELF (Extreme Low Frequency Band:
0.1Hz-30Hz). The group of auxiliary subjects or activities includes mathematical modelling of
electromagnetic effects, the basics of biomedical research and biological feedback, and the influence
of low-level magnetic fields on the human organism. The role of the above-mentioned disciplines
is complemented by the fact that human beings do not exist as solitary entities but rather live in
a wider community, which is influenced by each of its members. If the external magnetic fields
influenced a human being to such an extent that the man or woman would change their behaviour
within the social community at a higher level of statistical significance, it would be necessary to
employ various questions of economics, mainly the evolution of economic value as a market phe-
nomenon based on human behaviour and decision-making. Scientists and researchers are currently
preparing to solve special tasks related to the objectivisation of the impact of low-level magnetic
fields upon the human organism; such impact will be examined from the perspective of physical
harm to cells [2] and mental condition of humans [3-6]. The current status of knowledge in this field
is relatively unsatisfactory, and certain hasty conclusions have been made and found application
even in hygienic standards. An example of such standards is the guideline issued by the Council of
Europe and implemented by the ICNIRP (International Commission on Non-lonising Radiaction
Protection) in 1999 to establish the boundary values of magnetic flux in relation to the speed of
magnetic field changes for very slowly changing currents. More concretely, this guideline introduces
the value of 50mT/s as the maximum magnetic flux change acceptable in an environment with a
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variable magnetic field at the frequency of 1 Hz and characterised by permanent presence of hu-
mans. This value is many millions higher than the largest changes hitherto measured during the
processes referred to as magnetic storms, in which the Earth was exposed to charged particles from
the Sun.

2. ORIENTATION OF THE METHODS FOR DETECTING IONOSPHERE
DISTURBANCES

According to the conclusions of secondary research, there is mutual interaction between low-level
electric or magnetic fields irradiated both by humans and the geomagnetic system of the Earth.
However, this interaction can be scientifically validated only with difficulty [4,7]. Some of the
reasons for this situation may be inadequate cohesion between the complex description of a human
being, his/her biological feedback related to the internal and external electromagnetic fields, the
scope of interdisciplinary scientific knowledge, and the complicated structure of devices designed for
the measurement of low-level ULF, SLF, ELF of electric, magnetic, and electromagnetic fields [8].
This paper presents a portion of the research conducted in this province by the DTEEE, FEEC
BUT; the research is built upon the current knowledge of low-level magnetic fields generated by
the geomagnetic system of the Earth and the solar system. The authors of this article have focused
their attention on examining the effect of the changes in the Earth’s geomagnetic system that are
due to solar activity. In this context, the research was also centered on proving the existence of
the effect as a result of geomagnetic storms, which substantially influence low-level magnetic fields
affecting the human organism, including its behavioural patterns and decisioning.

The detection of changes in geomagnetic field disturbances could be performed by means of
the Schumann resonances. Until recently, this oscillation was at the frequency of fy., = 7.83 Hz;
this frequency changes as a result of the impact exerted by phenomena such as solar wind or
greenhouse gases. In 1953, Professor W. O. Schumann of Munich university, Germany, had found
out that the cavity between the ionosphere and the Earth’s surface could be interpreted as a
spherical resonator. After Schumann’s results were published in the Technische Physik journal,
Dr. Ankermueller, a medical specialist, immediately related the resonances to brain wave rhythm
(EEG). In 1954, the measurements conducted by W. O. Schumann and Herbert Koenig, who
was to become Schumann’s successor, confirmed the pulsation of the Earth at the frequency of
f = 7.83Hz. Koenig then validated the correlation between the Schumann resonances and brain
wave rhythms [12].

3. RESEARCH OF GEOMAGNETIC EFFECTS

In polar areas, the solar wind particles captured by the Earth’s magnetic field travel along the lines
of force to the upper layers of the atmosphere. Here, together with the ultraviolet radiation from
the Sun, they excite and ionise neutral atoms. The excited atoms emit a distinctive glow, thus
creating the well-known polar aurora. The ionised atoms are captured by magnetic lines of force
and travel along them freely. But these are all merely traditional facts.

Ionosphere changes can be objectively measured using already known methods [Fiala, Hanzelka
— PIERS2013], Fig. 1. Based on earlier observations, it is possible to demonstrate via secondary
research that a connection exists between magnetic field changes and the social behaviour of groups
of humans.

The effect of the environment on the human physical, emotional, mental and spiritual coherence
was described by Rollin McCraty, who also proposed a link between these factors and the cardiovas-
cular system, with its resonant frequency of 0.1 Hz (the ELF band between 0.04 and 0.26 Hz, given
the condition of cardiac coherence) [16] (R. McCraty, 2011). According to Alexander Tchijevsky,
80% of the most significant events in human history occurred within the approximately five years of
the maximum solar activity; this assumption is represented by the related diagram (1750-1922) [17]
(A. Tchijevsky, 1971).

As further discussed below, changes in the environment can exert significant influence on the
quality of decision-making, responses, and reaction times in humans. Variations (even insignificant)
in geomagnetic fields are among the factors that, although generally underestimated, have the
potential to change the behaviour of individuals and groups of humans. This applies to all areas
of human activity, including transportation, international trade, and also the military, where the
decisions and behaviour of individuals or small groups might bring major consequences of strategic
character.
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Figure 1: Schematic arrangement of the problem of detecting the changes in the Earth’s ionosphere.

However, no research has been carried out thus far on a selected (homogeneous) group of humans
to demonstrate the long-term effect of changes in the Earth’s magnetic field and to eliminate the
underlying influence of other aspects. Thus, within the preparatory stages of the investigation de-
scribed in this paper, such a test group was formed in close collaboration with University of Defence
in Brno, and its purpose is to facilitate the measurement and examination of psychophysiological
effects exerted by geomagnetic fields upon military officers and personnel.

4. DESIGN OF THE EXPERIMENTAL MEASUREMENT

The measurement of low-level magnetic and electromagnetic signals in the ULF, SLF, and ELF
bands is a unique scientific discipline. The ULF, SLF, and ELF waves exhibit wavelengths of
thousands of kilometers. Generally, wavelength is expressed as A = v/f, with units of [m; m/s,
Hz], where v is the speed of the wave propagation in space, A\ the length of the wave, and f its
frequency. For an electromagnetic wave, v is the mean speed of light in vacuum.

In order to ensure the required sensitivity and operation in the ULF, SLF and ELF frequency
bands, it is suitable to use a ferrite antenna, whose dimensions are significantly smaller than the
wavelength of the incident electromagnetic wave. In such antennas, the phase pg of the electric
field intensity F is practically identical at every point of the device, even when the incident electro-
magnetic wave is not planar. The directional characteristics of such antennas can be measured in
the near electromagnetic field. Fig. 1 shows the experiment focused on the application of a ferrite
antenna for the detection of changes in the Earth’s ionosphere, its numerical model, and results
otherwise introduced in Reference [15], Fig. 3.

The planned experimental research will be performed on a sample group of participants (men
and women of approximately the same age), and it will consist in non-invasive physiological mea-
surement of the human organism; this measurement process is conceived to include psychological
methods sensitive to the mental changes in progress at the time of sensing.

In general terms, psychophysiological research is most often focused on factors that influence
the activity of the autonomous nervous system; these factors include also parameters such as
perspiration, skin temperature, pulse frequency changes, blood pressure variation, and alimentary
tract contractions. In the given context, the orientation of these aspects to the central nervous
system will be considered too [18] (A. Uherik, 1978).

The aim of the proposed experimental investigation consists in searching for relationships be-
tween characteristics of the ionosphere on the one hand and the examined psychophysiological or
mental factors on the other. Regular connections will be sought between solar activity as a source of
geomagnetic field disturbances and the variability of psychophysiological and mental characteristics.

With respect to physiological parameters, the processes to be measured involve skin impedance,
muscle contraction, diaphragmatic and thoracic breathing intensity, ECG LO and HI frequencies,
the perfusion of peripheral vessels, and EEG waves. The applied sensing apparatus will be Flex-
Comp Infiniti, a device for physiological monitoring, bio-feedback, and the collection of psychophys-
iological data. The results obtained from the measurement of the physiological characteristics of
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the human organism are invariably influenced by the momentary mental state of the collaborating
individual, i.e., by the level of the person’s positive or negative mental condition affected by life
events, the environment, emotional stimuli, lunar cycles, and other aspects.

Primarily, the investigation is based on measurement models that describe the relationships
between various external influences (which, in our case, are represented mainly by solar activity)
and the level of physiological functions [22] G. Stemmler, 2001, p. 7.

A significant problem of the research is the identification of such physiological variables whose
level variations exhibit a close relation to ionosphere changes. Secondarily, we will look for the rela-
tionship between the variability of physiological characteristics and the current degree of resistance
to stress; these indicators can be classified as either objectively evaluated or subjectively experi-
enced within the binary dimension of mental stress — relaxation. In the model, psychophysiological
constructs then constitute the link/bridge/between solar activity and the concrete manner of hu-
man reactions and decision-making under stress (regarding, for example, life endangering situations
or the handling of principal financial problems).

The diagnostics of the current mental state can be performed using methods whose ability to
determine such state has been reliably proven (which means that, in the very least, the content and
predictive validities are: a) sensitive to changes within the stipulated period of days; b) relatively
resistant to the effect of repeated measurement; c) used for the given purposes. Furthermore,
we will utilise the ASS-SYM technique by Giinter Krampen, which is defined in the paper ASS-
SYM — Anderungssensitive Symptomliste zu Entspannungserleben, Wohlbefinden, Beschwerden-
und Problembelastungen. This method is suitable for the assessment of subjective experience. To
evaluate the current level of resistance to stress and the disruption of mental balance, we will make
use of Lischer Diagnostik, the non-verbal testing tool by Max Liischer.

We expect to find the relationship between the variability of solar processes and the variability
of the level of psychophysiological parameters. Analogously to the existing knowledge related to the
effects of the environment on the level of psychophysiological characteristics, it will be possible to
define the different degrees of closeness in the relationship between solar activity and the individual
psychophysiological characteristics. It is assumed that the relationships between solar activity and
the current subjective/objective stress resistance will be discovered.

Simultaneously with the experimental investigation of the given problem, we will pursue sec-
ondary research based on analysing the data obtained from the monitoring of solar activity through-
out history [17] (A. Tchijevsky, 1971). Moreover, correlation will be sought between these historical
data and socioeconomic indicators of human behaviour and decision-making, and special emphasis
will be put in this context on indicators that expose the mental factor as a significant element of
the decision-making process.

Historically, the formation of geomagnetic storms has was daily monitored by the Royal Obser-
vatory, Greenwich since May 1874. In 1976, the continuous measurement began to be carried out
by the Solar Optical Observing Network (SOON) under support from the US National Oceanic and
Atmospheric Administration (NOAA).

In addition to these facts, it is also interesting to review in the given connection the development
of capital markets during recent centuries, which has been recorded via specialised indexes (such
as the Dow Jones established in 1896); notably, detailed comparison of the data comprised in
these indicators with registered changes of the environment could further highlight the fact that
capital markets are markedly sensitive to variations in the decision-making process resulting from
environmental effects.

5. CONCLUSION

The outcome of the research will be compared with the hypotheses and results already published
internationally; the main aim is to demonstrably measure the differences between instantaneous
condition of the Earth’s ionosphere as monitored at various locations of the planet.

The prepared experiments and measurement prove the influence of the above-mentioned aspects
on the human emotional system, thus pointing to the hitherto applied boundary values of magnetic
flux density B in relation to the alterations of the magnetic field for very slowly changing electric
currents. The experiments also highlight the impact these currents might have on human beings
permanently present in such environment.

The measured dependencies will be processed mathematically and graphically and published
within a specialised paper at a later time. Similarly, we will interpret and release the results obtained
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from the surveys and psychological tests, which will be used as instruments to simultaneously
measure and eliminate the external influences that affect the human psychophysiological structure.
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