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ABSTRACT

FOREWORD

i

1

The book is intended for a broad range of readers — students, engineers, 
instructors, and scientists dealing with the problems of radio communication.

This book is devoted to the biological problem of electromagnetic signals 
in living nature. Experimental data and theoretical ideas are presented.

I f
The presently occurring scientific-technical revolution significantly involves 
combination and cross-fertilization of sciences dealing with living nature 
and physical engineering. If these tasks are to be completed successfully, 
we need not only cooperation of biologists and medical experts with physicists

Three basic stages can be distinguished in the history of interaction between 
physics and biology. At one time many physical phenomena and laws were dis
covered through biological research. This is the way it was with the dis
covery of galvanic electricity, electrochemical potentials, osmosis, and 
in other cases. Even the law of conservation of energy was formulated by 
R. Mayer on the basis of physiological observations. Later the dominant 
role transferred to physics, which was developing rapidly. Application of 
physical theories and physical research methods and resources significantly 
promoted success in biology and medicine. It began to appear that very soon 
it would be possible to build models of animal structure and function on the 
basis of physical ideas on phenomena and laws in nonliving nature, by making 
analogies between biological systems and technical devices. However, as our 
knowledge on living nature became broader and deeper, the unsoundness of such 
attempts became more and more obvious. It seemed that "systems 'working* in 
living nature are frequently more complex than those used in physics to test 
our theories" (1). By the middle of the century a new situation evolved: 
The dominant role was transferred more and more to biology, and physicists 
and engineers turned to living nature as a source of new principles and 
models for creating instruments and mechanisms. New integrated sciences — 
cybernetics, bionics, engineering psychology, and so on — arose on this 
basis. Some scientists even assert without justification that "the greater 
part of everything created by man is imitative (of living nature)" (2).
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and engineers but also, what is much more important, trained specialists having 
good facility with both physics and engineering on one hand and biology on 
the other. In this light familiarization of a broad range of representatives 
in the exact sciences with modern achievement? of biology and medicine acquires 
an important role, as s equally true in regard to familiarizing biologists 
and medical experts with the achievements of physics and engineering.

One of the promising new directions in biology, which has arisen and is 
developing rapidly in the last decade, is t'-e problem of electromagnetic 
signals in living nature, employing a broad spectrum of frequencies from infra
low to superhigh for mutual communication of information. This a problem to 
which our monograph, "Elektrpmagintiyye Polya i Zhivaya Priroda"(3), is 
devoted. It is intended for scientists studying various aspects of the 
biological effects of electromagnetic fields. At the same time the problem 
of electromagnetic signals in living nature is doubtlessly of interest to 
a rather broad range of engineers and physicists working in various areas 
of radio communication. This book is intended for this range of readers 
as well. It is a brief popularized review on the basic empirical data and 
theoretical ideas indicating existence of electromagnetic signals having the 
indicated frequency spectrum at all organizational levels of life — from . 
molecular to the biosphere. The reader will not find specific data on 
mechanisms underlying the systems participating in such signal communication 
in this monograph (or in specialized literature): This is the problem of 
future research. We would hope that the book would stimulate radio com
munication specialists to participate insich research directly, jointly with 
biologists.
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All these types of interactions have already been revealed to one degree or 
another in regard to a broad area of the spectrum from Y-radiation to the 
infrared range, where the energy of electromagnetic quanta is significantly 
higher than the average kinetic energy of molecules (h\>»kT ) . Absorption 
of such quanta by living tissue has been related to both ionization and 
excitation of molecules and atoms. Photobiology studies not only the effect 
of solar radiation in the infrared, light, and ultraviolet ranges on living 
organisms, but also the participation of radiation in these ranges in pro
cesses occurring within the body and, recently, in the interactions among 
organisms. Radiobiology deals primarily with the biological action of 
X-rays and y-rays, but so-called "internal radiation" has been discovered 
(although its role in vital processes has not been clarified as yet), and 
recent investigators are indicating a possibility of "radiation interaction" 
among organisms.

We know that the entire diversity of organisms on our planet arose, evolved, 
and exist presently owing to continuous interaction with various environmental 
factors, adapting to their influences and changes, and using them in vital 
processes. Most of these factors are electromagnetic in nature: The area 
in which life has developed and exists — the biosphere — is permeated with 
fields and emissions of terrestrial and cosmic origin, distributed throughout 
the entire electromagnetic spectrum known to us — from Y-radiation to 
infralow-frequency changes in geomagnetic and geoelectric fields. Therefore, 
we can assume that all ranges within the natural electromagnetic spectrum 
have played some sort of role inorganism evolution and that this role has had 
some sort of effect on the vital activities of organisms. In the general case, 
three types of electromagnetic interaction appear probable in living nature — 
the effect of electromagnetic processes in the biosphere on the vital 
activities cf organisms, electromagnetic interaction within the organisms them
selves, and electromagnetic interactions among organisms.

For a long time it was believed that the rest of the biosphere's electro
magnetic spectrum, including electromagnetic fields (EMF) from superhigh 
to infralow frequencies, did not have’ any sort of effect on living organisms. 
Simple physical concepts led to this conclusion: Inasmuch as energy quanta 
in this part of the spectrum are significantly lower than the average
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kinetic energy of molecules {hv»kT'> , then absorption of EMF by living tissue 
could only result in more intense rotation of the molecule as a whole — that 
is, in transformation of electromagnetic energy into heat, and that absorption 
of energy from constant or slowly changing electric and magnetic fields could 
only alter .tolecule o: ientation. Computations showed that heat effects of 
EMF's of any significance to the organism could be expected only from fields 
of ext-emely high intensity — on the order of 102 v/m [volts/meter] for 
superhigh frequencies and up to 106 v/m for infralow frequencies — that is, 
at intensities exceeding the intensity of natural EMF's in the biosphere by 
many orders. As far as a biologically significant effect on molecular orienta
tion in response to constant or slowly changing fields is concerned, such an 
effect is possible when the energy of interaction between the field and 
molecule is not less than KT. In this case the intensity of the magnetic 
field must not be lower than 102 oe [oersted], while the intensity of the 
electric field must not be lower than 10^ v/m. These intensities are 
several orders higher than the intensities of the magnetic and electric 
fields of the earth. On the basis of these concepts concerning the condi
tions under which energy interactions are possible between EMF's and the 
tissues of living organisms, physicists were skeptical about communications 
of biologists appearing from time to time on reactions of animals and man 
to EMF's significantly weaker than necessary to produce a thermal effect.

Organisms of the most diverse types — from unicellular organisms to man — 
are found to have extremely high sensitivity to EMF's with parameters close 
to those of natural fields in the biosphere. As we can see from Table 1, 
organisms respond with various reactions to EMF's with intensities thousands, 
hundreds or thousands, and even millions of times lower than would be 
expected from theoretical concepts on the energy involved in the biological 
effects of EMF's. Sensitivity to repeating superlow-intensity EMF's is 
especially high — that is, a cumulative effect on the organisms exists. 
High sensitivity to EMF's is manifested in full form only in entire 
organisms. It is significantly lower in isolated organs and cells, and 
even lower in protein solutions.

But as Sent-D'yerd'i said "...the biologist depends on the judgement of 
physicists, but at the same time he must be very careful when he is told 
that some event or phenomenon is improbable"(4). The validity of this 
warning has been clearly demonstrated in research on the biological effects 
of weak EMF's carried out in a number of the world's laboratories in the 
last decade. Quantitative and qualitative characteristics of these effects 
have been re’ :aled which can in no way be explained by concepts on energy 
interactions between EMF's and living tissue (3,5-7).
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2.

EMF frequency range 
Theoretical evaluation of 
minimum EMF intensity for 
biological effects (theore
tical evaluations of EMF's 
based on thermal effect, while 
those for constant and slowly 

• changing fields based on 
effect of protein molecule 
orientation) 
Experimental data 
Type of organism 
Nature of biological effect 
EMF frequency in this experi
ment, Hz 
EMF intensity in this experi
ment 
Bibliographic reference 
Natural fields of the biosphere 
within inhabited environments 
at frequencies corresponding 
to those used in experiments 
Field source 
Average field intensity

12. Maximum field intensity 
(excited field) 
High frequencies 
Low frequencies 
Infralow frequencies 
Constant electric field 
Constant magnetic field 
v/m 
for frequencies 
Hz 
or 
oe 
rabbit 
man

Fish 
Mammal cells 
Rabbits, dogs (adults) 
Puppies 
Bacteria (staphylococci, etc.) 
Flies 
Birds 
Snails 
Change in conditioned reflex 
activity 
Vascular conditioned reflex 
Dietary conditioned reflex 

35a. Defensive conditioned reflex 
Retarded duplication 
Shortened circadian rhythm 
in physiological processes 
Slower cardiac rhythm, 
reduced ECG voltage 
Faster cardiac rhythm, 
higher ECG voltage 
Change in electric activity 
of the cerebral cortex 
Accelerated multiplication 
and morphological changes 
Change in orientation rela
tive to cardinal 
points 
Direction-finding by changes in 
field gradient 
Rise in motor activity 
Orientation with respect 
to magnetic field (without 
geomagnetic field) 
Atmospherics 
Fields of atmospheric dis
charges penetrating into 
aquatic medium (to a depth 
of 3 meters) 
Short-term oscillations of 
the geomagnetic field and 
resonant oscillations in the 
ionosphere-terrestial surface 
resonant cavity 
Earth's electric field 
Difference in potentials of 
electric fields in the oceans 
Horizontal component of the 
geomagnetic field
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As I. Shklovskiy rightfully noted, "...among all imaginable types of com
munication, radio communication is the most economical and informative" (24). 
It is obvious that the reliability and economy of "biological radio com
munication" also promoted development of information pathways in living

While EMF frequency and temporal modulation parameters differ significantly 
from those of natural fields, organisms respond to higher EMF intensities, 
but intensities nevertheless significantly lower than those predicted theore
tically. Under these conditions the responses have the nature of various 
disruptior.r in regulation of physiological functions — hpart rhythm, blood 
pressure, metabolism, and so on, or the nature of sensations — visual, 
acoustic, and tactile in man and sensations manifesting themselves in changes 
of emotional state (from suppressed, similar to a state of narcosis, to 
excited, reaching to epileptic) in animals. Disruptions are especially 
clearly pronounced in regulation of development — from embryonic to sexually

Sharp disruptions are noted when the organism is in a pathological 
The nature and expression of the biological effects of EMF's depend

In some cases the effects are maximum

mature. 
state. 
uniquely on parameters of the latter, 
when the EMF intensity is at a certain "optimum," while in other cases the 
effects increase as intensity drops, and, finally, in other cases the effects 
take opposite directions at low and high intensities. As far as the depen
dence on EMF frequency and temporal modulation characteristics is concerned, 
it exists in relation to specific reactions (conditioned reflexes, change in 
orientation and perception). All of these forms of disturbances in regulation 
of vital processes in response to EMF's hardly depend on these parameters. 
Figure 1 illustrates these two types of dependencies.

An analysis of these empirical laws would lead to the conclusion that the 
biological effects of weak fields which cannot be explained by energy 
relationships in living tissues may stem from information interactions of 
EMF's with the cybernetic systems of the organism perceiving the information 
from the environment and correspondingly regulating the vital processes of 
the organisms (3,5-7). This concept can also be used to explain the high 
sensitivity r 7 organisms to EMF's existing as information signals, the 
cumulative effect of such information signals in biosystems, the '.'tuning" 
of these systems for perception of EMF's with particular parameters, dis
ruption of regulatory functions of these systems when inadequate EMF's 
contribute electromagnetic interference, the unique dependence of biological 
effects of EMF's on their intensity and so on.

We postulate that in the process of evolution, living nature used natural 
EMF's of the environment as information sources permitting continuous 
adaptation of organisms to changes in various environmental factors — 
coordination of vital processes with regular changes, and protection from 
spontaneous changes. Apparently this led to the use of EMF's as carriers 
of information permitting interaction at all levels of living nature's 
hierarchical organization — from the cell to the biosphere — similarly 
to the way technical evolution led to the use of the EMF 
examined here for various forms of information interaction in our civiliza
tion.
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nature using EMF's in addition to known forms of information transmission 
involving the sense organs and the nervous and endocrine systems. And if we 
refer to information from the environment, the advantages of EMF's as compared 
to other carriers of information — sound, light, odors, and other such car
riers — are obvious. In the first place EMF's in the low-frequency and infra
low- frequency ranges can penetrate into all environments inhabited by organisms —— 
the depths of the seas and oceans, the earth's crust and, finally, the tissues 
of the organisms themselves. In the second place information can be trans
mitted by EMF's over any distances throughout the planet and under any 
meteorological conditions. In the third place seasonal, monthly, and daily 
periodic changes in meteorological factors — illumination, temperature, and 
pressure — appear tc be coordinated with corresponding periodic changes in 
natural EMF's — geomagnetic and geoelectric fields, and in the intensity

In the fourth place solar flares, which cause sharp changes 
in meteorological factors, are always accompanied by "flash-ups" in EMF's.

e
h (1,lr
Fl

70 WO HOrn/cM1 (7) ll?

SO 50 f,Oq (8) WO 300

d

Dependence of the Biological Effects of EMF's on Intensity 
(a,c) and Frequency (h,d) : a — change in rabbit cardiac 
rhythm in response to ultrahigh-frequency fields (20);
b — change in snail orientation in response to a magnetic 
field (21) (ff3 — intensity of the horizontal component 
of the geomagnetic field; o — appearance of phosphene 
(perception of a light flash) in man in response to low- 
frequency fields (22); c — change in hydrocarbon metabo
lism in rabbits in response to low- and high-frequency
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Key: 
1. Rise in blood sugar content, 

percent 
mw/cm^ 
Hz 
oe 
kHz

Change in cardiac rhythm, 
percent cases of: 
Acceleration 
Retardation
Appearance of phosphene, 
percent cases
Dispersion of northward 
orientation, degrees

As we can see from Table 1, the possibility 
extremely weak EMF's similar to natural EMF's in the biosphere has been esta
blished experimentally. Convincing proof has also been obtained in recent 
years indicating that organisms receive certain information by means of these 
EMF's on the state of the environment, in addition to information received 
by means of known sensory organs. A great deal of experimental data have 
already been accumulated, significantly expanding our former ideas on 
electromagnetic systems of regulation in living organisms, and on electro
magnetic signals producing information relationships among systems, organs, 
and cells of the body. Finally, there are indirect but sufficiently con
vincing data permitting us to consider that electromagnetic signals exist 
both between animals of the same species and animals of difference species. 
The following chapters will discuss the facts, hypotheses, and research 
directions concerning all of these aspects of the information role of EMF's 
in living nature.
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BIORHYTHMS, ORIENTATION, AND ELECTROMAGNETIC FIELDS
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Analysis of the extensive experimental data accumulated in the last 10-15 
years leads to the conclusion that the hierarchy of biorhythms and the 
hierarchy of periodic and cyclical changes in geophysical factors are 
coordinated owing to information received by organisms from correspondingly 
changing EMF's in the biosphere. Most convincing in this regard are the 
numerous studies on external regulation of daily rhythms in plants and

■ animals conducted beginning in 1956 in the USA under the leadership of 
the well-known biologist F. Brown.

The rhythmic (periodic, cyclical) nature of vital processes in organisms of 
all species, from the simplist unicellular species to man, has long been 
known. Processes at all levels of body function — molecular, cellular, 
organismic — are oscillatory. All of these oscillations are coordinated 
among each other. They are regulated by the central nervous system in 
vertebrates. A common feature of the biological rhythms of all organisms 
is coordination of these rhythms with periodic processes in the environment: 
Physiological processes and animal behavior change with daily, monthly, and 
seasonal periodicity correlated with corresponding variations in meteorolo
gical factors — illumination, atmospheric pressure, temperature, and so on.

We know that the daily rhythm of the vital processes of organisms of the 
most diverse species manifests extreme stability: It persists in the

Our data on biorhythms and periodic, cyclical processes in the biosphere 
are expanding more and more. Weekly, tri-weekly, 1.5-year, and 3-year 
rhythms have been discovered in human physiological activity (25) . Data 
exist indicating existence of perennial biorhythms (6, 11, 22, 35, and 80 
years). A certain regularity is beginning to take shape in the diversity 
of coordinated rhythmic processes in living and nonliving nature: These 
cycles make up a series close to a geometrical progression with the denomin
ator equal to /2. Such regularity has already been noted in many phenomena 
of living and nonliving nature — solar and magnetic activity, the level of 
the sea and atmospheric pressure, growth of trees, agricultural crop yield, 
reproduction intensity in animals of various species, epidemics, epizootics, 
and so on (26-29).
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There are grounds for suggesting that the known fluctuations in reproduction 
intensity among animals of different species — from daily periodicity in 
protozoans to seasonal and perennial periodicity in vertebrates — are also 
associated with corresponding variations in the EMF of the biosphere.
Apparently, intensified reproduction is associated with periodical increases 
in EMF level in some species of animals, with minimums in others, and

of unchanging meteorological factors (natural constancy in Artic 
conditions, in the depths of the seas and oceans, and in the earth's crust, 
or when factors are kept constant artificially under experimental conditions), 
in the presence of the effects of various chemical agents on the body, in 
the presence of significant changes in ambient temperature and, finally, in 
the presence of latitudinal migrations of organisms, in which case all 
meteorological factors dependent on place and time undergo change. This 
stability of daily rhythm was explained by the presence of "biological 
clocks" in organisms. The pace of such a clock is inherently stable and 
is adjusted only from time to time by periodically changing meteorological 
facotrs (30). However, Brown asserts that the pace of the biological clock 
is regulated by periodic daily variations in the EMF of the biosphere, which 
are synchronous and synphasic with such variations in meteorological factors. 
This concept is also supported by research data (31,32).

Geomagnetic regulation of biorhythms in insects has been confirmed by V. B. 
Chernyshev's research (33,34), in which he established an association between 
periodic changes in motor activity (daily, monthly, and seasonal) and daily 
variations in the geomagnetic field coupled with a 27-day recurrence of 
magnetic storms, and spring-fall maximums of magnetic activity. He established 
that these rhythms are disturbed in plants and animals practically isolated 
from the effects of the geomagnetic field (a 1,000-time attenuation between 
Helmholtz coils) (35). Disturbance of biorhythms is observed under natural 
conditions — during magnetic storms and in response to artificially generated 
fields. For example in days of intense magnetic perturbations the daily 
rhythmicity of motor activity in insects is disturbed (33), and the daily 
rhythm of physiological processes in individuals kept in conditions of 
constant illumination and temperature shortens in response to 10 Hz EMF's 
having an intensity close to that of natural fields at times of their 
perturbation (13).

In this research, the daily rhythm of vital processes in plants and animals 
isolated from the effects of periodic daily meteorological factors (illumina
tion, temperature, pressure, and others) remained coordinated with changes 
in these factors, as if the organisms were receiving information on what was 
happening in the environment from which they were isolated. Brown suggested 
that this information is carried by daily variations in geomagnetic and geo
electric fields and by changes in the level of atmospherics penetrating into 

This suggestion was confirmed by experiments on the 
effect of weak artificial magnetic fields on isolated organisms, as well as 
by a correlation that was found between variations in physiological pro
cesses and the geomagnetic field from day to day (Figure 2a) on one hand and 
variations in the level of atmospherics (Figure 2b) on the other.
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with intermediate phases in still others. This may be an explanation for 
growth in populations of animals of different species occurring within an 
11-year periodicity (after all, magnetic activity changes in an 11-year 
cycle synphasically with solar activity). These hypotheses also have some 
experimental justification.
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A number of studies have revealed a stimulating or inhibiting influence of 
EMF's on reproduction of different species of animals (3,36,37), as well as 
inhibition of reproduction in bacteria and fungi when the effect 
geomagnetic field is compensated (38). In response to low-frequency fields 
simulating short-cycle fluctuations of the geomagnetic field (so-called 
"pearls"), bacteria reproduced more slowly than usual (14), while the repro
duction rate of aphids increased at the start of summer and decreased in fall 
(28) , It was recently established that on days of lowered magnetic activity 
the fertility of ewes rises, as does the number of their progeny (39). Data 
covering many years on cow fertility indicated a statistically significant 
increase during maximums in the 11-year cycle of solar activity (Figure 3a), 
which some authors (40) associate with corresponding increases in the inten
sity of atmospherics. Finally, an interesting pattern is revealed upon 
comparing statistically established semiannual increases in conception in 
European countries (41) with the annual periodicity of magnetic activity: 
It seems that the periods of maximum conception frequency coincide with 
minimums of magnetic activity (Figure 3b).
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Comparison of 11-Year Periodicity in Cow Fertility 
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The observed variations in rates of chemical reactions in inorganic and 
organic colloidal solutions as well as in various biological media stem from 
the effect of correspondingly changing EMF's of terrestial and cosmic origin, 
primarily in the low-frequency and infralow-frequency ranges.

Convincing proof has been obtained in recent years indicating that living 
organisms orient themselves relative to the direction of flux lines of 
magnetic and electric fields of the earth.— that is, they manifest geo- . 
magnetic and geoelectric taxis and tropism. The evidence also indicates 
that this ability of orientation is associated with photo- and geotaxis and

In addition to this, the significant role of EMF's of the biosphere in the 
organization of organismic functions in spacial orientation is becoming 
more and more obvious. It has long been known that physiological processes 
and the behavior of living organisms are adapted to environmental factors 
operating in different directions. Phototropism — growth of trunks in the 
direction of a light source — is inherent to plants, as is positive and 
negative geotropism — growth of seed roots in the direction of gravity and 
of shoots in the opposite direction. Phototaxis — the tendency to move 
toward or away from a light source, as well as compass light orientation — 
the tendency to move at a certain angle with respect to the direction to a 
light source — are manifested in animals. Geotaxis — preference of move
ment with gravity or opposite to it — is also manifested. Finally, many 
animals having life cycles associated with migrations, orient themselves in 
their movement with certain geographic points and manifest good navigational 
capabilities in this case.

Thus there are sufficient grounds for suggesting that periodically and 
cyclically changing EMF's of the biosphere play an information role in coor
dinating biorhythms at all levels of organization in living nature with 
periodic and cyclical changes in meteorological and cosmic factors. In 
other words, EMF's of the biosphere play a significant role in temporal 
oscillatory organization of functions in living organisms of all species.

Twenty years ago, Professor Giorgio Piccardi of the University of Florence 
began research in which he revealed an association between variations in 
reaction rates in inorganic and organic media (which had formerly been 
explained by experimental errors) and periodic changes in intensity of 
natural low-frequency fields. He established that under otherwise equal 
conditions, reactions occur more slowly in shielded test tubes than in 
ordinary test tubes, and that chemical reactions occur more quickly in 
response to artificially generated low-frequency fields. On the basis of 
such research, which was continued in a number of the world's laboratories, 
Piccardi came to the following conclusions (26,42-44):

2. The revealed periodicity in variations of chemical reaction rates is 
associated with a corresponding periodicity in solar activity, in which case 
the lengths of the cycles make up a geometric progression with the denomina
tor J2 — that is, 32, 44, 64, 91, 128, 182, 258, and 366 days, and so on 
at least over an 11-year cycle.
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A significant number of investigations were devoted to clarifying the role 
of geomagnetic and geoelectric fields in insect spatial orientation. The 
results of such studies conducted with insects of the most diverse species 
(46,47) indicated that June bugs, bees, termites, grasshoppers, and flies 
manifest an ability to orient themselves with respect to the geomagnetic 
field. For example, in windless weather flies land and take off oriented 
north-south or east-west most frequently. When in a state of rest, flies 
try to maintain this body position or change it by 90° jumps. When the 
geomagnetic field is compensated (by 95 percent), these orientational 
effects are practically unobserved (Figure 5).

tropism. Thus we encounter yet another form of information received by the 
organism from natural fields of the biosphere — information permitting ade
quate location and movement in space, in which various vector factors 
operate.

Empirical generalizations of data from such studies led Brown ito the conclu
sion that vital activities of animals (at least of those used in the experi
ments) are connected with their orientation relative to the geomagnetic 
field and, apparently, that some sort of "biological compass" that inter
acts with the "biological clock" exists within their bodies. In addition 
to this, research by Brown and other scientists on the effect of the earth's 
electromagnetic field on the nature of animal movement led to the conclu
sion that animals are capable of orienting themselves in relation to this 
field as well (electrotaxis).

The numerous studies of F. Brown and other authors (for example 31,45) relia
bly establish that animals of various species — protozoans (Paramecium, 
Votvox), worms (Planaria), and snails — orient themselves in their movements 
with the geomagnetic field. When released from a container having its opening 
turned toward a particular cardinal point, the animals subsequently change 
their course to the right or left of the initial direction. Recordings of 
these deviations in thousands of experiments subjected to meticulous statis
tical treatment revealed certain regularities. It was found that the direc
tion and magnitude of these deviations depend in a particular way on the 
time of day and the time of the month — the phase of the moon, that the 
nature and magnitude of these deviations change significantly if the animals 
are subjected to a weak magnetic field (0.04-1.5 oe), and that this effect 
of the magnetic field depends on its direction relative to the geomagnetic 
field. These regularities are shown in Figure 4.

A number of studies revealed that seeds planted parallel to flux lines of a 
geomagnetic field grow more quickly (especially if the embryo root is turned 
toward the southern magnetic pole), and that their yield is higher than that 
of seeds planted perpendicular to the flux lines or at random. These results 
as well as studies on a number of other manifestations of the effect of 
artificial magnetic fields on plant growth and development lead to the conclu
sion that geomagnetic tropism is inherent to them. In addition to this, we 
have a sufficiently large quantity of experimental data indicating that elec
trotropism is also inherent to plants.
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Orientation of House Flies Relative to Cardinal Points 
in Natural Conditions and When the Geomagnetic Field 
is Compensated (up to 90 percent) (47): 
b — at rest, o — in the geomagnetic field, • — in a 
compensated field, A — difference.
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There are grounds for suggesting that fish have a capacity for geomagnetic 
orientation. For example it has been established (48) that fish transferred 
to an unfamiliar water basin move along the magnetic meridian in sections of 
the migratory path having the same hydrophysical indices (temperature, elec
trical conductivity, translucence, and others) in 87 percent of the cases, 
while local specimens do so in 50 percent of the cases. A hypothesis was 
suggested (49) that fish orient themselves to geomagnetic fields owing to 
currents induced in their bodies when moving in an electric field.
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geomagnetic nature of bird navigation during seasonal migra- 
Many hypotheses have been forwarded concerning 

external points of reference during flight, memorization of nesting and winter
ing coordinates by birds, and concerning the question as to whether the capa
city for navigation is inherited or acquired. However, not one of them has 
yet been graced with sufficient experimental or theoretical evidence, 
attempted to review from new standpoints the hypothesis on geomagnetic 
orientation forwarded 100 years ago by Academician A. Middendorf. 
premises of our idea boiled down to the following (7,50) :

1. Birds respond to latitudinal changes in the horizontal component of the 
geomagnetic field (a reduction in intensity occurs from tropical to arctic 
latitudes). This can be seen in Figure 6b, from which it is evident that 
the migration routes of birds of different species lie perpendicular to 
isogams (lines of identical intensity of the horizontal component) — that is, 
they aline with the direction of gradient change in the horizontal component 
of the geomagnetic field. Consequently birds can evaluate the field gradient 
for the nesting and wintering latitudes, as well as memorize these latitudes.

3. Intensity H of the geomagnetic 
field at isogams

S. 1are synphasic at

zo' - .
10’___

SO'

The maximums of daily variations in the geomagnetic field
^'h^AuPPearjat apProximately midday, local time (Figure 6a).

. -- ---- —- -- - *-wo types of "biological clocks":One is set to local time, which it maintains for a long time as animals move 
into other time belts, while the other quickly resets itself to the new local 
time. If the first clock "memorizes" the onset of midday according to the

i|3>
(2)

Daily Variation in the Geomagnetic Field at Different 
Latitudes (a) and Bird Migration Routes on a Magnetic 
Map (b): 1 — brown-winged [sic] plover, 2 — shearwater,
3 — Arctic tern, 4 — white stork, 5 — cuckoo.

0° 30'
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maximum of geomagnetic variation at the point of departure or 
and if the second makes note of these maximums during flight, then it is 
probable that birds can read "geomagnetic longitude."

Thus experimental and theoretical grounds already exist for the conclusion 
that periodically and cyclically changing EMF's of the biosphere regulate 
the rhythm of physiological processes and the behavior of organisms, coor
dinated with various periodic processes in the biosphere, and that these 
fields permit spatial orientation of organisms and adaptation of their 
vital activity to various vector factors in the environment. It is obvious 
that regulation of biorhythms and spatial orientation by means of EMF's is 
the product of interconnected reactions, developed by evolution, of organisms 
to the information effects of natural EMF's.

The idea that navigation of migrating birds is geomagnetic in nature agrees 
rather well with their behavior, and recently we have obtained some experi
mental confirmation of this idea (51,52) . Birds were placed in a cage between 
large Helmholtz coils, which made it possible to compensate the geomagnetic 
field or create an artifical field of particular intensity, 
from all external reference points besides the geomagnetic field, birds 
properly selected the direction of migration. When the intensity of the 
geomagnetic field was weakened by just three times, they lost all capacity 
for orientation: They milled randomly about the cage. Such behavior was 
observed in an artificial field having an intensity twice exceeding the 
intensity of the geomagnetic field. When birds were subjected to an arti
ficial field close in intensity to the natural field (0.14, 0.3, and 0.41 oe) 
for 3 or more days, they subsequently oriented themselves well with the 
geomagnetic field as well as with weak artificial fields of various direc
tions .

3. We know that a flock of birds has good navigation capabilities while this 
capability is extremely poor in individuals. Apparentally, a "group navigation 
system" operating off the geomagnetic field is formed in the period of pre
migration flights of birds in flocks. During such flights, a "group condi
tioned reflex" in response to parameters of the geomagnetic field, which works 
as the'bonditioning stimulus" is formed, while various terrestrial and heavenly 
reference points are unconditioned stimuli (after all, geomagnetic taxis in 
animals is associated with photo- and geotaxis).
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ELECTROMAGNETIC PERTURBATIONS, THE RADIO
BACKGROUND, AND THE VITAL ACTIVITIES OF ORGANISMS

i
Reproduction and development are regulated not only from within organisms. 
The existence of "superorganismic" regulation of these processes in every 
organism, which develops and exists only as a part of an organization of 
individuals — groups, associations, populations, and communities— is be
coming more and more obvious. This superorganismic regulation is called the 
"group effect" (53-55) , and it is manifested in that the physiological func
tions, behavior, and reproduction of animals change significantly when they 
are combined into groups. Such a group behaves as a single self-organizing 
system interacting with the environment as a single "organism" having a 
"social nervous system." For example the populations of many animal species 
are regulated independently of the quantity of food available and other con
ditions of existence: As the population reaches a certain optimum level for 
the population, some sort of mechanism begins to retard and then completely 
stop reproduction.

In the process of evolution, all organisms formed various protective mechan
isms against inadequate effects of spontaneously changing factors in the en
vironment (changes in the intensity and periodicity of EMF's of the biosphere 
during times of solar flares, and in thunderstorm areas). Without
such protective systems, organisms would not have been able to obtain spacial 
and temporal information on periodic EMF's of the biosphere. However, in 
two cases organisms may be partially or completely unprotected against in
adequate effects of EMF's — during reproduction, growth, and development, 
when protective mechanisms are not yet formed, and when the organism is in 
a pathological state, when the protective systems are weakened or even com
pletely disrupted. Obviously the vital processes of organisms should also 
be disrupted when new factors appear in the biosphere "unassimilated" by or
ganisms through evolution, or when significant changes occur in the parameters 
of "assimilated" factors. However, if the new factors operate systematically 
over a long period of time, the adaptive systems of organisms adapt regula- • 
tion of vital functions to these new conditions of existence. Such new con
ditions arose, for example, in connection with development of radio communi
cation, when a "radio background" began to add itself more and more to the 
natural EMF background in the biosphere.
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Using the effect of electromagnetic perturbations on animal reproduction and 
development as a basis, we attempted to examine the age-old riddle in biology 
in the causes of spring-fall bird migrations from equatorial latitudes to 
central and Arctic latitudes (7,50). Many hypotheses were forwarded on the 
causes of migration — insufficient food and overpopulation in wintering areas, 
longer days in central and Arctic latitudes, an inborn instinct existing 
since the time birds were forced south in advance of glaciation, and so on. 
However, all of these hypotheses turned out to be unfounded, and the only 
thing that was obvious was that birds fly to central and Arctic latitudes to 
produce chicks, after which they return to the south. Obviously this migra
tion is connected with some sort of advantages, unrevealed as yet, in repro
ducing in central and Arctic latitudes. The following question arises un
avoidably: Could high intensity of atmospherics in equatorial latitudes, 
which disturb reproduction, coupled with the fact that the intensity of at
mospherics is significantly lower in central and Arctic latitudes be the cause 
of migration?

From time to time there occurs an unexplainable disturbance of this regula
tion: Animals begin to multiply uncontrollably, and then they begin to mani
fest "migration frenzy," which R. Shoven (53) describes in the following way: 
"The locust may leave a totally unutilized, abundant pasture and fly into the 
desert for Certain death, or dive in the hundreds of billions into the sea... 
The frenzy taking hold of mammals (lemmings for example — author) during 
migration appears to me to be some sort of profound disturbance in the equi
librium of the neuroendocrine system having no definite and direct relation
ship to food but which, perhaps, is associated with some sort as yet unclari
fied sharp changes in meteorological conditions. Some authors have discussed 
cycles of solar activity in this connection." And in fact, a correlation has 
been established in many studies (for example, (27-29)) between solar activity 
and many processes occurring at the most diverse levels in the hierarchy of 
living nature. There are sufficient grounds to suggest that electromagnetic 
perturbations arising during times of solar activity are the origin of solar- 
biological associations.

We have already presented experimental data indicating the effect of electro
magnetic perturbations and artificially generated EMF's on reproduction rates 
of various animals. In addition to this, disturbance in regulation of repro
duction has been observed in a number of studies in all stages — fertiliza
tion, embryonic, and postembryonic — in response to EMF's significantly dif
fering from natural EMF's (3). It is obvious that electromagnetic perturba
tions can also be used to explain disturbance of superorganismic regulation 
of reproduction manifested in "migration frenzies." Experimental observations 
on the effect of electromagnetic perturbations on motor activity testify in 
favor of such a possibility. For example, it has been found (33) that on days 
of magnetic storms the number of insects flying to a light source increases 
sharply (a 50-fold increase among a total of 17,000 insects in 19 species). 
Such growth in motor activity was noted in experiments with beetles, the 
daily activity rhythm of which was sharply disturbed on days of magnetic storms. 
This was repeated with a periodicity of 27 days (the periodicity of magnetic 
storms). Other studies (56) demonstrated a correlation between mouse motor 
acitivity and electromagnetic perturbations.



■§

J

Key:
1. Number of illnesses 4. Months

390
200
ISO

m yr rx xu
Mecxqur
(4) a

°/ 
tec 
100 

§■ 120

ISO 
120 
'00

The effect of electromagnetic perturbations on the state of the human body 
in the presence of various illnesses was first revealed in the 1940's: A 
correlation was discovered between the blood leucocyte content in man and 
daily changes in blood pressure on one hand and daily changes in magnetic 
activity on the other (62). Close to 40,000 cases of nervous and mental 
diseases were examined, demonstrating that their aggravation was correlated 
with 67 magnetic storms occurring over an observation period of 60 months (63). 
Such a correlation was established for 1957-1961 in an analysis of over 28,000 
nervous and mental diseases in relation to 7, 14, 21, and 35 day periods cor
responding to development of magnetic storms (64). A comparison of statistical 
data on mortality due to cardiovascular diseases demonstrated that it corre
lates with magnetic storms in relation to 5,000 deaths and 60 storms (65). 
Figure 7 presents graphs illustrating these dependencies.

S dHeii 
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Figure 7. Dependence of Disease Incidence and Death on Variations 
in the Geomagnetic Field (a)(64), and of Mortality on 
Diseases in Times of Magnetic Storms (65)(b).

A number of studies (57,61) revealed that even short-term effect of EMF's 
in the radio-frequency range and having low intensity on the eggs of birds 
causes disturbances in embryo development: Cell division ceases in struc
tures that are still undifferentiated, while in differentiated structures the 
cells divide without subsequently differentiating. This means that the high in
tensity of EMF's generated by lightening discharges may be most unfavorable 
to embryonic development in birds. Moreover, we know that the thunderstorm 
activity is high in tropical areas — on the order of 200 days with thunder 
storms per year, the greater percentage of which fall in the spring-fall 
period. In central latitudes the thunderstorm activity is a dozen times lower 
and 100 times lower in polar latitudes. It would seem that birds must head 
for these latitudes in order to reproduce normal progeny and reduce the dis
turbing effect of EMF's to a minimum.
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5. Five days before the storm
6. Day of the storm

7. Five days after the storm
2. Mortality
3. Magnetic activity



j3

23

ftk

Significantly less attention has been devoted to date to the possible effects 
of EMF's created by radio and television transmitters on man, as well as the 
effect of the "radio background" being created in the biosphere on vital ac
tivities of organisms. We have now started measuring the intensity of EMF's 
in the vicinity of radio and television transmitters near high-power industrial 
frequency EMF sources (exposed distributing devices — ORU, and others), and 
the first data have been obtained on the effect of such fields on animals and 
man (70,71) . Matters are much more complex in relation to the average "radio 
background" of our planet. If this radio background has some effect on people, 
animals, and perhaps on plants, then this would be a worldwide problem (as is 
true with other factors in the biosphere generated by development in engineer
ing) . Only some general ideas can be stated in regard to evaluating parameters 
of the radio background and its possible effect on living nature.

The radio background is the aggregate of noncoherent emissions distributed over 
a broad range of the radio-frequency spectrum. The natural EMF background 
created by atmospherics has the same nature. But significant differences also 
exist between natural and artificial EMF backgrounds in the biosphere. In I

A number of studies on the effect of magnetic storms on cardiovascular di
seases have been conducted by Soviet scientists. Infarctions of the myo
cardium were studied in 1961 in Sverdlovsk. They were compared with 79 
magnetic storms occurring during this time (66). It was found that 73 per
cent of the infarction cases occurred in times of magnetic storms, and that 
death results twice as often during these times than in any other time, and 
the number of unexpected deaths is 2.6 times greater. The cellular composi
tion of blood and its coagulation index (the prothrombin index) of cardio
vascular patients were studied in Moscow in 1962-1964 (67). It was established 
that during times of magnetic activity the number of cases of reduced leuco
cyte concentration and reduced prothrombin index rises sharply. Significant 
changes were observed in Kiev in human skin electric potentials (reflecting 
the state of autonomic nervous system) during days of magnetic storms (68).

Numerous hygienic studies have indicated that reversible functional changes in 
neurohumoral regulation arise in people regularly subjected to radio-frequency 
EMF's (when testing and operating industrial generators, servicing radio and 
television transmitters, and so on) . Permissible EMF intensities have already 
been set in our country — 0.01 mw/cm2 for superhigh-frequency fields, 5 v/m 
for ultrahigh-frequency fields, and 20 v/m for high-frequency fields. Re
search is going on today on the occupational Hazards of low-frequency as well 
as intense magnetic fields (69).

And so, we can assert on adequate grounds that electromagnetic perturbations 
in the biosphere have a disturbing effect on the reproduction and development 
of various species of organisms and on the course of pathology in man. In thic 
connection we cannot ignore the question as to the influence the continually 
growing "background" of artificially created EMF's in the biosphere, to which 
organisms have not been able to adapt through evolution, may have on the vital 
activities of organisms. Definite grounds already exist for posing such a 
question.
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4. Onset of sexual maturity
5. Average growth

The radio background appeared and grew rapidly over the last 40-45 years. 
During this time, so-called acceleration — an increase in average growth and 
earlier sexual maturity in man — developed especially sharply during this 
period. We suggested the hypothesis that a rise in the average EMF background 
in the biosphere evoked by a technological civilization was the cause of this 

Only the basic premises of the hypothesis will be preacceleration (7,72). 
sented.

According to statistics, acceleration has been going on for 130 years, with 
acceleration in growth and sexual maturity occurring relatively slowly until 
the 1920's, after which time it increased sharply (Figure 8).
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Increase in Average Growth of Boys and Acceleration of 
Sexual Maturity in Girls in the Last 130 Years (dashed 
line shows supposed increase in growth, were it not for 
postwar consequence) (101)
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the first place, the total background of EMF's — atmospherics — is the aggre
gate of pulsed emissions, while the radio background consists of continuous 
emissions. In the second place the average intensity of atmospherics changes 
in a daily cycle: It rises at night and drops during the day, while the radio 
background drops in intensity at night (when longwave radio stations and tele
vision centers stop operating and the number of shortwave stations operating 
decreases). In the third place the average intensity of the radio background 
is about 10-100 times higher than that of the natural background in the cor
responding frequency ranges.

Acceleration is worldwide in nature: It exists in different geographic zones, 
within all national and social population groups, and under diverse child 
rearing conditions. Acceleration is most pronounced in large cities, somewhat 
less so in moderate and small cities, and even less so in the countryside. 
Attempts were made to explain acceleration by change in the living conditions 
of children: They are being fed continually better, they are being subjected toa

(5)
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Mammal growth and development depends not only on the dictates of heredity but 
also on the effect of changes in the environment. When environmental changes 
suppressing or stimulating growth and development last over very long periods 
of time (for example, during the time an animal is alive), a corresponding 
compensatory adaptation occurs in the rates of these processes, and such 
adaptability can be transmitted to subsequent generations (nongenetically 
through the cytoplasm). Hypercompensation is also manifested in man and 
higher mammals: Systems controlling physiological processes evalute trends 
in acting factors of the environment (rises or falls), and they adapt the 
level and rate of physiological processes beforehand to these trends. A 
division of the midbrain — the hypothalamus and the endocrine glands con
trolling (thyroid, hypophysis, sex glands, and adrenal glands) — is such a 
system in man. We suggest that acceleration can be interpreted as a hyper
compensation reaction to the rise in EMF intensity in the biosphere causing 
inhibition of growth and development.

more and more exciting pace of life coupled with growth in civilization, 
infectious diseases are becoming less dangerous and medical services to 
children are improving. X-ray examinations are being made on children more 
and more often, and so on. However, all of these changes in no way explain 
the characteristics of acceleration mentioned above, and especially its world
wide nature. Therefore many scientists feel that another unrevealed worldwide 
cause of acceleration exists. Let us examine the grounds for suggesting that the 
cause for acceleration lies in growth of the average EMF intensity in the bio
sphere.

The- possibility of such a cause of acceleration is confirmed by experimental 
data on the inhibitory effect of radio-frequency, relatively low-intensity 
EMF's on mammal growth and development. These effects arise in response to 
long-term influences on both parents and young, and they have a reversible, 
compensatory nature. As far as the increase in EMF intensity in the biosphere 
is concerned, two causes can be indicated for this, connected with development 
of civilization in the 130 years in which acceleration has been observed. 
Since the beginning of the last century, the number of tall buildings with 
peaked roofs, steeples, and lightening arresters grew continually in the 
cities, and later in the countryside. In this connection a field created 
by nonthunderstorm ("quiet") discharges onto sharp points was added more 
and more to the atmospheric fields created by thunderstorm activity on the 
planet. Thus the average EMF intensity of the biosphere increased gradually 
from decade to decade. Since the 1930's the EMF intensity of the biosphere 
has started to grow sharply due to emissions of radio and television trans
mitters — due to the "radio background."

This idea agrees rather well with all of the characteristics of acceleration 
mentioned above — its worldwide manifestation, its greater presence in large 
cities as compared to small cities and the countryside, its gradual increase 
over a century until the 1930's, and the sharp increase in the last 40-45 years.
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ELECTROMAGNETIC SIGNALS WITHIN THE ORGANISM 
AND BETWEEN ORGANISMS

500 Hz range, 
anaesthesia.

Apparently, such signaling promotes coordination of diverse oscillatory pro
cesses in the organism, to the study of which monographs and special antholo
gies have been devoted (3,73-75). Any sort of fluctuating process in the 
organism is associated as a rule with electromagnetic fluctuation, the study 
of which is expanding more and more.

Each year our knowledge on already known electromagnetic regulation and sig
naling systems in living organisms is growing with every year, and new regu
lation sind signaling systems and means of this sort are being revealed. 
Experimental data and theoretical concepts indicating the existence of remote 
electromagnetic signaling between components and structures of the organism, 
achieved through generation and reception of EMF's, are of special interest in 
this regard.

Electrophysiology has been studying the diverse electromagnetic processes 
occurring in living organisms for over 100 years. In our.time it was esta
blished that such precesses occur at all functional levels of all species 
of organisms — from protozoans to man, and that these processes play a sig
nificant role in regulating all aspects of the vital activities of organisms.

It was recently discovered that the human heart generates electromagnetic 
oscillations in a significantly greater frequency range than has been known 
formerly, from 30 to 700 Hz. It was found that the most pronounced shifts 
during pathological changes in the heart are observed in the high-frequency 
portion of this spectrum. Formerly unknown high-frequency components were 
discovered in the electric activity of the human brain as well — in the 200- 

It was noted that these components changed noticeably during 
Reports exist indicating that the spectrum of electromagnetic 

oscillations extends to 100 kHz. As far as newly discovered electromagnetic 
systems in living organisms are concerned, we can name the following: A 
9-neuron oscillating system in the lobster regulating heart rhythm; central 
neural oscillators regulating walking, crawling, swimming, and flying in 
various animals; a central oscillator in cycads regulating the oscillation 
frequency of sound-conducting muscles, and so on. Finally, a slow electro
magnetic regulatory system has been discovered and studied quite thoroughly. 
It is associated with a unique distribution of superficial potentials (Figure 
9) . R. Becker (76) cites evidence that this system regulates the rate of
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Distribution of Superficial Electric Potential 
Over the Human and Lizard Body (76)

I
I

We have already discussed the oscillatory nature of processes involving the 
vital activities of all organisms, owing to which these processes are coor
dinated in time and with periodic processes in the biosphere. Significant 
successes have recently been achieved in studying the oscillatory organization 
of the molecular and cellular levels. A hierarchical system of oscillations 
in elements of these levels and synchronization in oscillations in combina
tions of these elements in successively more complicated structures is being 
revealed (74,74).

Macromolecules (proteins, enzymes, nucleic acids) undergo conformational 
oscillations connected with changes in their form and effective volume. 
Synchronization — formation of ensembles of macromolecules — occurs when 
the oscillation frequency of some molecules matches the oscillation fre
quency of others.-. Such synchronized oscillations of macromolecules united 
in cellular organelles (the nucleus, mitochondria, ribosomes, and others) 
should cause oscillations in the dimensions and shapes of the organelles, 
which in turn would form synchronously oscillating ensembles. Synchronously 
oscillating ensembles of macromolecules associated wi-th the cell surface 
would cause oscillations in the latter and synchronize oscillations at the 
cellular level.

electric impulse distribution in nerves, transmits information on pain to the 
central nervous system, and is associated with mental functions. He suggests 
that this system monitors the general behavior of animals and that the influence 
of the earth's magnetic and electric fields on man and animals is achieved 
through it (76).

0 MV
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Our knowledge on information interactions in the world of animals is expanding 
We have already discovered signaling by means of infrared, 

ultraviolet, ultrasonic, and infrasonic emissions, and recently by means 
of gamma-radiation. The question as to the existence of electromagnetic 
signaling between animals has arisen many times. It is obvious that in 
order to confirm the reality of such signaling we must begin with data on

*That is, transitions between two conformation states of macromolecules 
involve almost the same amount of energy: They are associated with energy 
change ^E^kT) (74, p 23).
**We recall that the dipole moment of a water molecule is 1.87 debyes.

Two typical traits of the conformational oscillations of macromolecules, 
organelles, and cells should be noted. First, these oscillations are asso
ciated with the absorption and liberation of extremely small quanta of 
energy (?IV«W)*— that is, they correspond to frequency ranges from ultra
high-frequencies to the lower frequencies. Secondly, these oscillations are 
always associated with electromagnetic oscillations: In macromolecules we 
are dealing with fluctuations in the electric and magnetic moments in the 
distribution of a superficial electric charge, and in the ratio of super
ficial polar and nonpolar groups, while in organelles and cells we are dealing 
with fluctuations in the distributi ’ of a superficial charge, with changes 
in membrane potential, and with var. I ions in the constant dipole moment. 
Consequently interactions between these oscillators, which are restricted by 
wavelength, may occur over sufficiently great distances — on the order of a 
centimeter for the ultra high-frequency range and significantly greater dis
tances for high and low frequencies. These interactions achieve, by means of 
weak EMF signals, not only synchronization of oscillating elements, but also 
their mutual orientation through dipole-dipole interactions. Experimental 
data have already been obtained confirming synchronization of the oscillations 
of macromolecules and cells, as well as their mutual orientation by means of 
electromagnetic interactions in different frequency ranges (3). Measurements 
made recently of the dipole moments of macromolecules and cells produced 
unexpectedly large values:** 102-103debyes in various protein molecules, 
IO1* debyes in viruses, and 106-107 debyes in bacteria (77) .
Using the concepts on electromagnetic signaling between macromolecules and 
cells as a basis, we could explain the still-unsolved nature of the most 
diverse interactions between these biological elements — between enzyme 
molecules and the substrate — DNA and RNA in the synthesis of protein 
molecules, between the same kinds of cells which "find" each other and collect 
into groups, between sperm and the egg cell, betwe' n an antigen and an antibody, 
and so on. On this basis we could also gain an understanding of self-organ
ization in cell division during embryonic development and in the regeneration 
of cells in the body, when as a certain optimum number of cells is reached 
their division ceases. Finally, we discussed the possibility of tumor 
formation due to disruption of electromagnetic signaling between cells and 
tissues (78).
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EMF generation by animals and on their sensitivity in EMF perception, and with 
an examination of such manifestations of animal interaction in which signaling 
by means of EMF's is the only possible or most probable means of communication. 
Such confirmation can already be cited.

Electromagnetic oscillations are generated in all living cells, in organs, 
and in the entire body. Until recently it was believed that the EMF intensity 
generated by these oscillations in the surrounding space is negligibly low. 
However, Soviet scientists have been able to record the EMF's of man, frogs, 
and insects of various species at ranges from dozens of centimeters to several 
meters from the body surface, not only in the laboratory but also under field 
conditions (79-81). The frequencies of the studied EMF's corresponded to 
various biorhythms of organs, the rhythms of movement and acoustic signals, 
and bioelectric rhythms. The intensity of the EMF produced by gathered insects 
was higher than that of individuals, and the frequency varied, in which case 
the nature of modulation recalled the human electroencephalogram (?!). Such 
research was conducted on various species of freshwater and marine fish in 
both laboratory and natural conditions (82). The recorded EMF pulses were 
found to be synchronous with neuromuscular electric discharges. The intensity 
of the field decreased in inverse proportion to the square of the distance 
(rather than the cube, as with the dipole). The cumulative EMF intensity 
of a school of fish exceeded the intensity of the individual EMF insignifi
cantly, but the EMF pulse duration increased significantly. Table 2 pro
vides the parameters and oscillograms of EMF's recorded in some of these 
studies.

These first data on EMF's emitted by animals hardly reflect the true possi
bilities of such emissions. After all, the recordings were made without 
a priori knowledge of the parameters of the generated EMF's or the conditions 
under which such generation is pronounced to the maximum. Finally we do not 
as yet have conclusive ideas on the very nature of electromagnetic emissions 
in animals (for example, we cannot consider the problem of so-called "hydronic 
emissions" to be solved). Moreover, there are grounds for suggesting that 
in groups of animals the electromagnetic oscillations are synchronized by 
frequency matching (83) and, consequently, that the cumulative intensity 
may grow in proportion to the square of the number of individuals. Such 
cumulative emission is thought to be possible also due to synchronization 
of the emissions of many cells in animals in a highly excited emotional state . 
(3). Data on animal sensitivity to EMF's presented in Table 1 could hardly 
be interepreted as limiting. We can approach evaluation of the possible 
limiting sensitivity to EMF's of these ranges by examining the sensitivity 
of the organism to fields of other ranges. We know that the human eye 
reacts to light when the flux intensity is on the order of lO-^ w/m2,* 
which corresponds to a field intensity on the order of 10-5 v/m. On the 
other hand, the electroreceptors of fish respond to low-frequency and infralow- 
frequency fields with an intensity of IO-6 v/m. We can hypothesize that the



Table 2. Characteristics of Electromagnetic Fields Generated by Animals
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Key:
1.
2.
3.

Animal species 5. Bass
Pulse frequency and duration 6. Gobio
Measuring range, intensity, 7. He
potential 8. msec

4. Oscillogram samples 9. mv/m
[Key continued on following page]

sensitivity to EMF’s having frequencies from infrahigh to infralow is at 
least not less than these values. At the same time, a number of studies have 
established that unperceivable, subthreshold signals (acoustic, light, thermal) 
may serve as conditioned stimuli producing various sorts of conditioned reflexes, 
and that they may evoke o'ientational reactions (84,85) Thus it would seem 
that conditioned-reflex perception of electromagnetic signals may be at least 
an order higher with respect to sensitivity than had been evaluted above. 
Finally, the sensitivity of animals to EMF’s may be a few more orders higher 
owing to spatial and temporal summation of signals (Figure 10), when the 
cumulative signal/noise ratio grows in proportion to the square root of the 
number of elementary signal receivers or the number of repeaced signals. Both 
types of summation have been discovered in living organisms already — in 
visual organs for light signals and in nerve cells for low-frequency electro
magnetic signals.
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Let us examine four types of information pathways that may be explained by 
transmission of electromagnetic signals.

10. Pike
11. Lamprey
12. Bumblebee
13. mv

4. Accumulator
5. Signal to organ

Cu.eHa.j’ k opzany
(5)

14. Bee
15. Horsefly
16. Accumulation of mosquitoes

Maneuvers are performed simultaneously in bird flocks and fish schools in 
response to some sort of unknown signals from a leader perceived by all. 
If these are electromagnetic signals, then they can be perceived by indivi
duals of the flock or school either in brain centers coordinating flying 
and swimming activity or directly by the organs executing this activity. 
We know that certain motor reactions arise in animals in response to electro
stimulation of both the appropriate brain sections and neuromuscular groups 
executing the movements.

a.
Spatial (a) and Temporal (£>) Summation of Information 
Signals (71).

Key:
1. Signal receivers
2. Summator
3. Signal to organ

The first type: Signals providing rapid coordination in the movement of 
groups of animals. Information may be transmitted over relatively small 
distances (within the dimensions of a flock, a school, and so on) by means 
of simple signals — instructions.

Rapid chaotic movement of Infusoria and insects within their accumulations 
never results in collisions: The animals stop sharply in time and turn 
almost instantaneously such that their bodies become parallel (along the 
longer axis of the body). Apparently we are dealing with electromagnetic 
signaling stemming from dipole-dipole interaction among Infusoria and 
insects.

on the basis of experimental data and theoretical 
concepts on EMF generation and perception by animals that the electromagnetic 
signaling occurring between them may cover not just relatively small but also 
significant distances. Such signaling could explain the manifestations of 
diverse information pathways among animals for which the physical nature has 
not yet been clarified.

npueHHUxu: r 
cuiHa/roff ' '

Cyrwamop (2) 
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The idea is presently being forwarded that information relationships involving 
EMF's play a significant role in the shaping of species behavior of animals, 
in the directions of evolutionary development of animal populations (86) and, 
finally, in external regulation of individual animal development, where 
structures being formed stage by stage receive electromagnetic signals from 
organisms (which continually generate such signals) of corresponding struc
ture , beginning with the protozoa and ending with the species to which the 
developing organism belongs (87).

Typically all of these manifestations of mysterious navigational capabilities 
are connected with emotional stimulation of the animals — with parental 
instincts, sexual attraction, reproductive instinct, and so on. And as we 
had noted, it is precisely emotional excitation that probably increases the 
intensity of EMF emission. It is possible that coherent emissions are pro
duced in groups (chicks, eel colonies) at migration destinations during the 
time of reproduction and breeding of progeny.

The second type: Signaling permitting animals to find ach other over great 
distances. Such an information relationship seems to follow the pattern of 
a "radio beacon," where the animal determines the direction to a partner from 
signals repeated many times. It appears probable that such signaling is con
nected with the capacity of male insects to find the shortest path to the 
female in the absence of reference points usually considered; the capacity of 
birds to find the way to the nesting area (group signals from chicks), called 
"homing"; finally, such signaling may explain the mysterious navigation of 
eels migrating for reproduction to the Sargasso Sea, and of their fingerlings 
returning to the freshwater habitats of their parents.

The third type: Signaling promoting coordination of the vital activities and 
behavior of animals in groups and associations, which exist as a "super
organism" with its own "social nervous system." The presence of such signal
ing can explain such manifestations of "group effects" as group aggressiveness, 
common thermoregulation, "social tropisms," self-regulation of numbers during 
reproduction, the growth rate of young in a group, and so on. Apparently 
such signaling is also connected with various interactions among animals 
of different species — "protocooperation," where coexistence is favorable 
to both partners, "mutualism," where coexistence is necessary, "commensalism," 
where coexistence is advantageous to one species and immaterial to the other, 
and so on. There are grounds for hypothesizing that in all of these forms of 
coordinational signaling, we are dealing with an entire hierarchy of infor
mation relationships achieved by means of EMF's.

The fourth type: Signals permitting information relationships between groups, 
populations, and associations. Such "intergroup" relationships apparently 
exist in communities, insuring dynamic equilibrium within them over a long 
period of time. These relationships must exist in the biosphere which, 
as V. I. Vernadskiy (88) demonstrated, is an organized system that has been 
dynamically stable for 1.5-2 billion years — that is, since the time that 
life appeared on earth. An analysis of empirical generalizations on such 
relationships would promote the idea that they are electromagnetic in nature.
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Thus the experimental data that have already been accumulated and the hypo
theses and general theoretical concepts lead us to the conclusion that 
in addition to the diversity of information relationships employing sensory 
organs, relationships employing EMF's have been formed through evolution in 
the animal world. Such electromagnetic signaling is universal, and it is the 
most reliable means of communicating information promoting coordination and 
integration of the activity of individuals in groups, associations, and 
populations, as well as among these superorganismic systems.

It is obvious that such signaling may also have existed between people at 
early stages of their evolutionary development. However, as man created 
artificial communication resources, this biological capability of his must 
have degenerated to a continually greater degree, and today we may encounter 
it only as a rare manifestation of atavism. It may be that the numerous 
described cases of so-called "spontaneous telepathy" in which, for example, 
the mother suddenly gains a sense of alarm at the instant some sort of 
danger threatens her child located far away from her (if, of course, these 
cases cannot actually be explained otherwise), involve manifestation of 
such atavistic communication by means of EMF's. Thus it would seem that 
if rare manifestation of electromagnetic signaling is possible among people, 
then this is not the "crown of evolution," as "parapsychologists" assert, 
but atavism instead. Consequently man is the least suitable object for 
studying electromagnetic signaling in the animal world.

In this case we are dealing with sort of a "hierarchy of hierarchies" of infor
mation relationships achieved by EMF's in living nature. First a group or 
population of animals exist as a single system in relation to the environ
ment or, as zoologists say, as 
it and the environment.

As we had stated earlier, information relationships between animals employing 
EMF's using low quanta of energy are just part of the overall problem we 
are discussing on the diverse pathways of this nature at all levels of 
organization of living nature, in the entire biosphere. Therefore the 
procedures for studying electromagnetic signals in living nature must 
follow from a general procedural approach to the problem of biological 
organization in the broadest sense of this concept. Such an approach 
will be discussed in the next and final chapter.

an”intermediary" between the individuals within 
Then this interrelated "superorganism" enters into 

association with others making up the community and, finally, all groups 
related by information make up the biosphere.



5

35

1

DIRECTIONS OF STUDYING ELECTROMAGNETIC SIGNALS 
IN LIVING NATURE

L jk - ■

The modern stage in development of biology, which began in the middle of our 
century, can be described as a transition from studying the material and 
energetical foundations of life to studying the structural and functional 
foundations with the purpose of learning the laws of biological organization 
at all levels of the hierarchy of living nature. However, a conflict situ
ation, a unique "vicious circle," clearly takes shape along this direction: 
The more detailed knowledge we accumulate on the elementary structures and 
processes of biological systems, the broader becomes the range of possible 
explanations for the principles of structural and functional organization 
of biological systems — that is, the more indefinite become the laws of 
biological organization. The causes of such a situation lie in an unsound 
traditional analytical method of research on living objects used to study 
their organization as a whole, and in the inadequacy of interpretations on 
physicochemical laws established for nonliving nature in explaining specific 
laws of biological organization.
Biological organization is specific at all levels of the hierarchy of living 
nature in that the structural and functional properties of any biological 
system are in no way defined by the sum of the properties of elements making 
up this system. As I. Shmal'gauzen (89) rightfully emphasized, "... the 
activity of lower systems is integrated rather than summated in the functions 
of a higher system. Each higher system manifests its own specific qualities 
which are created only by the organization of this higher system." This 
would seem that to gain an understanding of the principle underlying bio
logical organization, we cannot go from "bottom up" — from the molecule to 
cell, from the cell to the organ, from organs to the organism, and so on. 
The reverse direction — from higher levels of organization to lower ones — 
appears unavoidable. "In the most common and, probably, the most important 
phenomena of life, components are so interrelated that they lose their 
nature and even their very existence when they are cut out of the functioning 
whole. Therefore, when dealing with the problems of complex organizations, 
it is very important to study the situation in which several interrelated 
systems function in integrated form" (90).

■



"technical organization." sctne-

36

k

il

jj

Such an approach to studying biological organization can be boiled down to the 
following procedures:

And so we can conclude that when studying biological objects we must deal 
with the complement principle — the need for procedural approaches that are 
mutually exclusive. If we are interested in the material and energetical 
aspect of the object, then an analytical method of research (disintegration 
of the object into continually more elementary parts, and studying their 
properties) and modeling based on known physicochemical concepts would be 
correct. But if we want to understand principles underlying the structural 
and functional organization of an object, then we must employ a systematic, 
functional method free of any sort of prejudices concerning the specific 
physicochemical nature of structures and processes producing this organization. 
In other words, biological organization may be studied with a cybernetic 
approach. In this case "... no attempt is made in cybernetics to reduce 
biological phenomena to physical or chemical ones. Cybernetics perceives 
phenomena for what they are. Generalizations are made only in relation to 
general principles underlying organization of regulatory systems..." (93).

2. Data on "input-output" relationships are the initial material for empiri
cal generalization, which "... relies on facts collected inductively, without 
going beyond the limits of these facts, and which is not concerned with the 
agreement of the resulting conclusion with other.corresponding interpretations

1. The biological system is studied as a whole under the natural conditions 
in which it exists, and in relation to its interactions with various environ
mental factors, and from the standpoint of its place in the hierarcltyof living 
nature. A system is examined as a "black box," the internal organization 
of which is unknown, where only the relationships between the "input" — the 
stimulus, and the "output" — the response, are subject to research.

It is becoming more and more clear that when studying complexly organized 
living objects we are dealing with some sort of specific phenomena and laws 
that have not been discovered in nonliving nature or in objects having 

We cannot agree with V. Geyzeriberg that ".. 
thing more has to be added to physical and chemical 1. .ws before we can com
pletely understand biological phenomena" (91). I. Poletayev (92), who 
examined the issue of modeling oscillatory processes in biological systems, 
provides an example of the inadequacy of traditional physical concepts for 
understanding biological phenomena: "... by its nature, a significant part 
(if not the overwhelming part) of biological systems has, in my deep convic
tion, little in common with "classical" oscillatory systems (a pendulum, a 
resonator, a wave). Biological systems have a wealth of free energy reserves 
stored in various forms and various places. These reserves are used by 
individual parts in response to extremely weak stimuli ("signals"). Therefore, 
for example, the extremely low Q factor of a biological system interpreted 
as a resonator may not hinder appearance of oscillations within it... Hence, 
in particular, from my point of view the conclusion follows that the mathema
tical machinery for modeling biological processes must be expanded..."
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♦The brilliant book by D. Poya (94) is devoted to the methods of probability 
arguments.

1

The possibility that special systems exist in organisms for perceiving and 
transmitting information by means of EMF’s is not excluded. However, it 
appears more probable that the capacity for such information exchange was 
developed through evolution in the same systems which communicate information 
and regulate vital processes in forms already known to us. The first argu
ment in favor of this hypothesis is the nonspecificity of the reactions of 
organisms to EMF's: The reactions typical in biorhythm regulation by perio
dically changing EMF's are the same as reactions to periodic changes in 
illumination, temperature, and pressure arising as a result of influences 
on the appropriate receptors and regulatory systems. And, as we had seen 
earlier, a relationship is being revealed between these systems and the 
sensitivity of organisms to EMF's. Disturbances in regulation of physio
logical function in response to inadequate, spontaneously changing EMF's 
are also nonspecific. Such disturbances also arise in response to inade
quate influences we usually consider — light, thermal, chemical, and 
so on. The second argument is the universal role of electromagnetic pro
cesses in the functions of all elements, organs, and systems of the organism. 
We know that physiological processes in cells, tissues, and organs always 
involve electromagnetic effects, electromagnetic oscillations of different 
frequencies, and that the diverse relationships within the organism stem to

i

We developed a concept on the information role of EMF's in living nature on 
the basis of such procedures: Generalization and analysis of data on the 
reactions of various biological objects to EMF's led us to the conclusion 
that the dependence of these reactions on EMF parameters has nothing to do 
with energy, and probability arguments permitted us to make a conclusion on 
information interactions between EMF's and biosystems, and to suggest ideas 
on the possible functional mechanisms underlying such interactions. In the 
preceding discussion we examined some ideas of this sort, and now we will 
deal with two questions in greater detail: What sort of systems of the 
organism participate in information interaction employing EMF's and what 
structural and functional pattern can we propose for such interactions?

This is the way the dependence between the nature of reac
tions in the biosystem and the parameters of the stimulating factors is 
revealed.

Combined with all that is known about the properties and behavior of 
the system being studied, these empirical laws serve as the material for 
probability discussions (using the methods of generalization, specialization, 
analogy, and induction*) on the possible structural and functional pattern 
behind the reactions of the biosystom to the stimuli being studied. Such a 
pattern may not fit within the framework of physical concepts on phenomena 
in nonliving nature, but of course it must be logically uncontradictory and 
confirmed by subsequent experiments.
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Precisely what systems are used in vertebrates to regulate biorhythms and 
spatial orientation by means of the effects of EMF's in the biosphere?

a significant degree from electromagnetic interactions. As we had noted, 
coordination of the nhythmicity of all forms of animal movement — walking, 
swimming, crawling, flight — is also connected with electromagnetic sig
naling. Finally, in addition to their sensitivity to specific types of 
stimuli, all biosystems as a rule react to EMF's of different frequencies.

mormyrids, as

Comparisons of the effects of EMF's on entire organisms, on isolated organs 
and cells, and on protein solutions led to the conclusion that disturbance 
of various physiological processes in the organism due to EMF's is the 
result of the field's effect not on the processes themselves but rather the 
central systems regulating them — structures within the midbrain and, pri
marily the hypothalamus. After all, it is precisely the hypothalamus that 
regulates the physiological functions which are disturbed in response to 
EMF's. Such disturbances also occur upon electrical stimulation of the 
hypothalamus. Finally, it is precisely the hypothalamus that promotes 
adaptation of physiological functions in the organism to changes in diverse 
factors of the environment.

Apparently, biorhythms are regulated by periodically changing fields through 
the effect of these fields on the hypothalamus. We know, for example, that 
it is precisely this brain structure that synchronizes the daily rhythm of 
the most diverse physiological processes in the organism — pulse, body tem
perature, oxygen consumption, carbon dioxide liberation, urine volume, urine 
nitrogen concentration, and so on. The hypothalamus is what is interpreted 
as the central system coordinating all of these synchronously occurring pro
cesses with periodic daily changes in environmental factors. Finally, a 
number of studies have revealed an especially high.sensitivity of the hypo
thalamus to EMF's, and it has also been established that damage to this 
brain structure sharply weakens the organism's reactions to an EMF.

As far as the question of biosystems responsible for the reactions of inver
tebrates and protozoans to EMF's is concerned, we can only suggest the most

Orientation and navigation of vertebrates employing geomagnetic and geo
electric fields of the earth are apparently connected with activity of the 
cerebellum. Experimental evidence was presented at the 1969 International 
Symposium on the Cerebellum (95) indicating that the cerebellum of a number 
of marine animals performs not only the known functions — coordination of 
body movement and equilibrium — but also perceives and evaluates EMF's in 
environment. The capacity for electromagnetic direction-finding and navi
gation discovered in fish inhabiting the turbid waters of the Nile — the 

well as the capacity of some marine predators to find and 
recognize their prey (the skate — a flatfish in which the eyes are located 
in the upper part of the body and the mouth is located in the lower part — 
cannot see its prey; it has been discovered that it perceives prey by the 
EMF's it emits) are associated with these formerly unknown properties of 
the cerebellum.
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The central system selectively perceives information on regular changes in 
environmental factors with which it coordinates the organism's vital pro
cesses. It does not react to various perturbations in these factors. 
Instead, it receives information on them from the peripheral system, which 
quickly reacts to any external effects. On receiving information on a 
random, short-term perturbation, the central system stimulates a rapid 
response in the organism compensating possible disruptions of its vital 
processes. But if the perturbations are repeated regularly or last a l.long 
time, the central system accumulates and evaluates the information and then 
restructures regulation of vital processes over a long period of time (suf
ficient to evaluate the duration and regularity of the perturbations) with 
a consideration for the possible effect of such "quasiregulatory" effect.

We should approach definition of the possible structural and functional 
mechanisms underlying electromagnetic signaling in living nature beginning t 
with general concepts on regulatory systems permitting interaction of i
organisms with the environment. Empirical generalization of data on such >• 
interactions lead to the conclusion that two interrelated cybernetic systems — 
central ("command") and peripheral ("intermediary") — exist in all organisms. 
The following ideas have presently taken shape in regard to the principles 
of operation of these systems (3,7,87,96).

Going on the question of mechanisms underlying signaling in living nature 
employing EMF's we should first indicate the error in the idea, rather wide
spread among biologists, that the mechanisms underlying the reactions of any 
organism to EMF's must be sought only at the molecular level. As we had seen, 
the sensitivity of organisms to EMF's is connected with the reactions of 
complex.regulatory systems, and the nature of these reactions stems from the 
organization of each such system, and not from the sum of the properties of 
its parts, not to mention the elementary parts — molecules. In essence we 
encounter such a situation when examining responses to EMF's by such a 
relatively simple "technical organization" as an oscillating circuit, which 
is extremely sensitive to an EMF at the resonance frequency, 
electromagnetic oscillations arising in the circuit involve

Of course, the 
movement of 

electrons along conductors, and polarization of molecules in the dielectric. 
But attempts at revealing the resonance mechanism at this microlevel would 

We would not be able to reveal this mechanism by examining 
isolated properties of macroscopic parts of the circuit — the capacitor and 
the induction coil. Resonance properties are inherent only to the entire 
organized system as a whole — the oscillating circuit. This property stems 
from its macroscopic rather than its microscopic parameters.

general ideas for the time being. It appears probable that the regulatory 
and disturbing effect of EMF's on the insect body is also connected with 
effects upon the central regulatory systems, for example the brain, which 
coordinates vital processes, and the subesophageal ganglion, which is 
considered to be the seat of the "biological clock." In protozoans, such 
central systems are the nucleus and the organelles.
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We showed in former works (3,7,78,87, and others) that the ideas presented 
here on the structural and functional mechanisms underlying the reactions

And if such an effect ceases, the central system returns to normal regulation 
of vital processes just as slowly.

I I

Returning to the problem of electromagnetic signaling in living nature, we 
will discuss the possible electrophysical analogies of the cybernetic systems 
examined. We should emphasize immediately that we will be referring only to 
structural and functional analogies, and not to the construction of any sort 
of specific electrophysical models (we have already indicated the risk behind 
such modeling). From this standpoint the following analogies appear proper.

The central system can be interpreted as a narrow-band system with respect 
to the frequency and interval of amplitude values of EMF signals bearing 
information from the environment and from the peripheral system: This is 
an inertial system capable of accumulating information. The peripheral 
system has a broad band and low inertia. It is capable of frequency and 
amplitude filtration of EMF signals from the environment, and of recoding

> them into signals that can be perceived by the central system. Finally, 
the mechanism underlying sensitivity of the central system to signals from 
the peripheral system on inadequate effects of EMF's in the environment 
can be identified to some degree with automatic regulation of amplification 
in radio receivers.

The central system is protected from direct effect of perturbations in two 
ways: From relatively weak effects not penetrating deeply into the organism's 
tissues, by means of a number of "barriers" absorbing, shielding, and modifying 
the effect; from intense and penetrating effects, by means of a sharp reduc
tion in sensitivity to the effect of the central system itself in response 
to a "warning signal" of the peripheral system. But the central system may 
react directly to a perturbation having parameters close to those of regu
larly-changing environmental factors: The central system responds to such 
"pseudoregulatory" effects by a corresponding change in regulation of vital 
processes.

These cybernetic systems of the organism also achieve information interaction 
with other organisms. The central system forms the signals to be transmitted 
and reacts to perceived signals, while the peripheral system is the inter
mediary in this information exchange, retranslating signals from the central 
system outward and inward to this system. As far as the location of the 
described systems is concerned, in unicellular organisms the central system 
is associated with the nucleus and cytoplasmic structures, while the peri
pheral system is associated with the cell membrane. In vertebrates, these 
systems are associated respectively with the central and peripheral nervous 
systems. Indications of the activity of both cybernetic systems are also 
revealed in functions of "superorganismic organizations" — in groups, 
associations, and populations of animals, though it is difficult as yet to 
say anything definite about the location of these systems and possible 
analogies with such systems in the organisms.
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We discovered manifestations of the actions of central and peripheral regu
latory systems in experiments with unicellular organisms — Paramecium. In 
one series of experiments we observed a sharp motor response of Paramecium 
to EMF pulses, in which case the threshold intensities for the reaction 
practically did not depend on EMF frequency (within two orders of magnitude), 
and the threshold intensity dropped in response to series of pulses as the 
number of pulses increased. It was established that these reactions are 
associated with direct effects of EMF's on the peripheral system — the 
so-called neuromotor structure of the membrane. In other studies with 
Paramecium we observed an EMF effect on phagocytic activity (the rate of 
food absorption). We found that a sharp rise in activity occurs only at 
low intensities of the EMF (within narrow limits). This can be associated 
with direct effect of an EMF on the central system — the intracellular 
structures. We also found that at higher intensities a reduction in activity 
occurs, which can be explained by a reflex effect of the EMF on these 
structures through the peripheral system — the cell membrane.

of organisms to EMF's agree with data from experimental research on the 
biological effects of EMF's, and with data from observations on animal 
behavior which can be associated with the effect of natural fields. C_. 
few examples will be presented here.

Earlier we had discussed the probable existence of two types of "biological 
clocks" in animals: One is coordinated with periodic daily variations in 
the geomagnetic field in the permanent habitat of birds. It maintains its 
time stably with respect to this time belt as birds move to other latitudes. 
The other clock resets itself in correspondence with the shift in the time 
of the maximum daily periodic variations in the geomagnetic field from 
latitude to latitude. Apparently the first type of clock should be inter
preted as the central, narrow-band, inertial regulatory system, while the

■

-
Sk -

A so-called "vagotonic EMF effect" — reduction of blood pressure and a slow
ing down of cardiac rhythm — has been discovered in a number of experiments 
with animals subjected to EMF's of different frequencies and in observations 
on people working near EMF generators. This effect is most pronounced only 
when the EMF effects are repeated daily many times. In this case the arisal 
itself of the effect and its magnitude do not depend, practically speaking, 
on the EMF frequency and intensity (the effect is approximately the same when 
frequency and intensity are changed by three orders of magnitude). An 
analysis and a generalization of data from research on the EMF vagotonic 
effect have led to a convincing conclusion that this effect stems directly 
from the effect of EMF's on the peripheral nervous system, which has a ;
"wide reaction band." Its signals to the central system — the hypothalamus-y 
lead to restructuring of cardiovascular regulation over a long period of time ■ 
as an adaptation to regular EMF effects. Special research demonstrated that 
EMF's with specific low intensities ("pseudoregulatory" effects) may directly 
affect the central system, causing a faster cardiac rhythm, while a vago
tonic effect — a slowing down of cardiac rhythm (see Figure la) — arises 
in response to higher intensities.
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Apparently, animal orientation with respect to the geomagnetic field is asso
ciated with a complex system — a central system having a constant magnetic 
moment, plus a peripheral system having a "biological compass."

Indications of the activity of the cybernetic systems being examined here 
"superorganismic organizations," for example in flocks 
In fact, the "group navigation system" formed in a flock 

A group con-

j

can also be seen in 
of migratory birds, 
has the traits of central and peripheral regulatory systems: 
ditioned reflex of orienting to the geomagnetic field arises as a result 
of many repeated premigration flights of the flock. During intermediate 
stops along the migration route this reflex is reinforced by circular flights 
.of the flock, which become more and more elliptical, extended along the 
direction of the next stage of the flight. Thus the information permitting 
navigation during migration is accumulated as a result of systematic inter
actions of the flock with the geomagnetic field (through the crossing of 
magnetic flux lines). On the other hand, rapid maneuvers of the flock, the 
locations of birds within it (and changes in places during the process of 
migration) and the sharp reactions of the flock to various random obstacles 
are all indications of the activity of a peripheral, rapidly reacting system. 
As a whole, the group navigation system is a complex cybernetic system in
volving electromagnetic interactions between its elements. These inter
actions are, obviously, what developed the flock into a self-organizing 
system including within itself such mechanisms as a biological clock, a 
biological compass, a "geomagnetic coordinate" memory and, finally, a 
mechanism that plots the flying course. Many observations argue in favor

Recently it 
was discovered that a dipole magnetic moment directed along the body axis 
arises in injects within a magnetic field. It was also found that insects 
have their own constant magnetic moment. These effects are associated with 
the orientation of paramagnetic molecules in body tissues, and with the 
existence of "domains" of such molecules (97). It is hypothesized that 
magnetic properties are also inherent to vertebrates. In this connection 
we can raise the question as to the existence of an orientation system in 
animals similar to a precision nuclear gyroscope, the action of which is 
based on optical indication of the orientation of paramagnetic molecules in 
a fluid in response to a geomagnetic field (98). It could be that the 
so-called "comb" of birds — a structure in the orbit having a function as 
yet unknown — is such a system. In the opinion of some scientists, the 
comb is an organ of geomagnetic orientation in birds (99).

second type of clock should be interpreted as the peripheral, wideband, low- 
inertial system. An oscillatory system in which the oscillations are syn
chronized and synphasic with respect to periodic daily oscillations in the 
geomagnetic field, regularly affecting the system at the permanent habitat 
of the biros (the "frequency matching" phenomenon), can serve as a func
tional electrophysical analogy of the first type of clock. A system inca
pable of spontaneous oscillation and producing oscillations, synchronized 
and synphasic with respect to variations in periodic daily changes in the 
geomagnetic field with respect to latitude, only by compulsion can serve 
an analogy for the second type of clock.
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A flock of birds flying through 
are transmitting disperses and 
During times of magnetic storms,

of electromagnetic interactions in the flock: 
a zone in which high-powered radio stations 
then once again reforms outside this zone, 
disturbances in the navigation capacities of flocks, which are subsequently 
restored quickly (1Q0), are noted.
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V. I. Vernadskiy (88), one of the greatest thinkers of our century, expressed 
himself remarkably well in regard to such a.."conflict situation" in the

"... an empirical generalization does not
t

The facts, hypotheses, and general concepts on the problem of electromagnetic 
signals in Jiving nature presented in this book cannot of course be inter
preted as sufficient grounds for solving this interesting problem. And while 
biologists are interested in the heuristic aspect of this problem — in 
clarifying the role of electromagnetic interactions involving information in 
biological organization at all levels of the hierarchy of living organisms, 
engineers and physicists are attracted by the bionic aspect of this problem — 
revealing specific mechanisms of electromagnetic signaling in living nature 
so that corresponding technical devices could be modeled. But the two 
aspects of the problem cannot be studied separately: General principles 
and mechanisms underlying electromagnetic signaling in living nature, as 
well as other manifestations of its organization, can be sought only through 
cooperation between biologists and representatives of the exact sciences. 
Moreover, success could be achieved in this joint activity only when 
engineers and biologists gain a single viewpoint on the biological problems 
and develop a common approach to their solution.

We have attempted to show that the following procedures make up such a 
common approach, based on examining specific traits of biological organization: 
Studying the "input-output" interrelationships of entire biosystems under the 
natural conditions in which they exist, empirically generalizing the data 
from this research, free of prejudices concerning specific mechanisms under
lying biosystem action, and building structural and functional systems cor
responding to the empirical generalizations. Such systems could serve as a 
basis for the search for specific physical analogs, if this becomes possi
ble (as we had shown in relation to electrophysical analogy for electro
magnetic signaling systems). However, the investigator must not be con
fused by the fact that in a number of cases it would not be possible to 
explain empirically revealed laws in the functions of a particular bio
logical organization on the basis of existing concepts on phenomena and 
laws in nonliving nature, or on the basis of comparing the biological organ
ization with some sort of "technical organization."
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interpretations of nature, 
is a scientific discovery, 
long time without yielding to any sort of hypothetical explanations, 
continue to be not understood for a very long time and yet it may have a 
favorable influence on our understanding of natural phenomena... The time 
will come when it will suddenly begin to be seen in a new light, when it 
will become the grounds for hypotheses, when it will begin to change our 
ideas of the way the world is, and it will begin to change itself." And in 
fact, there are many examples in the history of science when empirical 
generalizations that had been unexplainable on the basis of existing con
cepts on nature led to fundamental changes in these concepts. This was the 
case with generalizations that gave birth to the theory of relatively, 
quantum physics, and many others. It is all the more important to begin 
with empirical generalizations and conclusions stemming from them when 
examining the specific properties of biological organization and, in parti
cular, when examining electromagnetic signals in living nature.

differ from a scientifically oh tab J Inhcxl fact: Wo arc not interested in the 
situation in which such generalizations and facts agree with our scientific

A contradiction in such facts and generalizations
An empirical generalization may exist for a very

It may
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