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Reactions of the Central Nervous System to Peripheral
pffects of Low—Intensity EHF Emission
Natalia N. Lebedeva
Institute of Higher Nervous Activity and Neurophysiology

of the USSR Academy. of Sciences

Abstract

The study of reactions of human CNS to peripheral effects of
EHF emission, created by therapeutic apparatus Yav-I (the wave
length is 7.1 mm) revealed restructuring of the space-time
organization of biopotentials of the brain cortex of a healthy
individual which indicate development of a non-specific activation
reaction in the cortex. The study of sensory indication of EHF
field with these parameters showed that it is can be reliably
detected at the sensory level by 80% of the subjects.

Introduction

In the process of study of reactions of living systems with a
different level of organization to millimeter waves, non-thermal
(informational) effects were discovered [1-3]. The distance from
the place affected by the emission to the location of appearance of
the biological reaction may be hundreds and thousands times larger
than the distance at which the emission decreases one order of mag-
nitude. This fact demonstrates participation of the nervous system
in perception of millimeter-range emission by living organisms.

There is a wide-spread opinion that biological effects of EMF
are realized in humans at a subsensory level. However, in the

recent years there is interest to their sensory detection in the
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form of radiosound, magnetophosphenes, oOr skin sensations [4-9].

Changes in EEG to EMF effects were most often observed in the
form of an increase in the slow waves and spindle-shape
oscillations in reptiles, pigeons, rats, rabbits, monkeys, and
humans [10-12]. |

We have not found studies devoted specifically to the effects
of millimeter waves on the central nervous system in the available
literature; thus, the current study has been undertaken. This
study'employed.electrophysiological andgpsychophysiological.methods
for the evaluation of the state of the central nervous system while
affected by EMF.

Methodology
Twenty healthy subjects aged 17 to 40 years participated in

the experiments. Apparatus yav-I with the wave length of 7.1 mm
was used as the EMF source. A flexible waveguide with the power of
5 mW/cm® at its end was directed at He-Gu [4 Gi] acupuncture point
in the right or left hand of the subject.

Two experimental series have peen conducted. In the first one
(10 subjects, 10 tests with each subject, 20 instances of field
action in each test), sensory detection of the field was studied.
The length of the EMF signal or control trial without the signal
was 1 minute. To evaluate the subject’s EMF sensitivity, the
indicator of response strength (RS) was used, i.e., the ratio
between the number of correctly identified trials and the total
number of EMF signals. Another indicator used was the level of

false alarms (FA), i.e., the ratio between the number of false
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positives to the total number of control trials. The significance

of the difference between RS and FA was evaluated by using the
Mann-Whitney test. The analysis of latent time (T,.) included
total histograms of true responses and false alarms.

In the second series (10 subjects, 11 tests with each,
including placebo tests) the exposure to the field was equal to 60

minutes.

EEG recording was conducted before and after the EMF influence
by using EEG-16S (Hungary), with 4 paired leads, located according
to 10-20% system (in the frontal F-F, central C-C, parietal P-P and
occipital 0-0O areas). As the reference electrode, a joint ear
electrode was used.

Together with EEG recording on paper, the data were fed for
on-line processing into an IBM-PC Amstrad computer using spectrum
coherent analysis by means of rapid Fourier transformations with
plotting power spectra and computing mean coherence levels.
gelected for the study were frequencies from 2 to 30 Hz in major
physiological ranges of the EEG spectrum.

Results and discussion

In the first experimental series, the subjects showed a
division into two unequal subgroups according to their RS and FA
indicators. The first subgroup (8 individuals) could reliably [at
a statistically significant level] detect EMF: the differences
between RS and FA were significant according to Mann-Whitney test,
the means for RS and FA being 64.3% &% 10.5% and 20.6% + 11.2%, re-=

spectively. The second subgroup (2 individuals) could not reliably

Approved For Release 2000/08/08 : CIA-RDP96-00789R003100280001-7



Approved For Release 2000/08/08 : CIA-RDP96-00789R003100280001-7 -
distinguish between EMF effects and control trials, the means for

RS and FA being 59.0% + 14.25% and 43.53% & 16.5%, respectively.

From the eight individuals who could detect the EMF well, two
could reliably distinguish it from control trials with both hands,
one could do this only with the left hand and the others only with
the right hand. An analysis of distribution of T, of true
responses and false alarms showed single mode distribution in both
instances. The mean of latent time for eight subjects was 46.1 &
5.8 sec.

The prevalent sensations were pressure (46.7%), tingling
(36.3%), itching (8.9%), warmth-coolness (5.3%), and other
gsensations (2.8%). All the sensations were experienced either in
the palm of the hand or in the fingers, each subject having his own
set of sensations.

An analysis of the data obtained experimentally justifies the
assumption that humans are capable to perceive sensorially the EFM
in the millimeter range, similarly to their capacity of perceiving
the ELF fields [4-6], which is in accordance with the results
obtained elsewhere [9].

Interaction of any physical factor with biological systems of
complex organization begins on their surface, and the skin is the
first receptor. Unlike other analyzers, the skin does not have
absolutely specific receptors. This was confirmed in experiments
conducted by A.N. Leontiev and his associates [13], who conducted
similar studies with non-termal emission in the visible range of

spectrum and found that their subjects were capable of reliably
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distinguishing the emission effects from control trials. The modes

of perception were similar to those observed in our tests. Thus,
our results as well as data of other authors indicate the
importance of the skin analyzer in EMF perception.

study of the modes of perception which occur in the process of
EHF field reception makes it possible to assume that EMF stimuli
are perceived either by mechanical receptors (sensations of touch
or pressure), or by pain receptors, i.e., nociceptors (tingling and
burning sensations). From mechanical receptors, only Ruffini’s and
Merkel’s endings and tactile disks may be involved in the process,
according to the depth of their location in the epidermis, their
adaptation speed and their capacity to spontaneous activity. The
assumption that nociceptors may be responsible for the reception of
EMF signal is based on the following: their polyspecificity in
relation to stimuli; the kind of sensations, i.e., tingling and
burning, which are considered precursors of pain; experiments which
showed complete disappearence of EMF sensitivity in individuals
whose skin at the place of influence was treated by ethyl chloride
that turns off pain receptors; facts from medical practice that the
EHF influence on the respective dermatome [dermatome means the
areas of the skin supplied with sensory fibers from a single spinal
nerve--LF] causes sensory response in the afflicted organ of the
body which may be the result of convergence of nociceptive
afferents from the dermatomes and the internal organs on the same
neurons of pain pathways. With this, skin hypersensitivity occurs

because visceral impulses increase the excitability of inter-
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stitual neurons and facilitation takes place.

The latent time of EMF responses (to both ELF range and
millimeter range EMF) is unusually large. While the reaction time
of visual and auditory sensory systems is from dozens to hundreds
of milliseconds, the perception of EMF takes dozens of seconds.
This is in a good agreement with theoretical calculations by I.V.
Rodshtat [14] who made an assumption that a single time cycle of
microwave sensory reception, including detection of sensory
sensation, is within 40 to 60 seconds. This is explained
[according to him] by a complex structure of the reflex arc which
includes both nervous and humoral links.

An analysis of inter-—central EEG ratios is one of the
approaches to the study of regulation mechanisms of functional
states of the human brain.

As known from the literature [15], the indicator of coherence
level (COHm) is the most significant of EEG correlates which
characterizes the peculiarities of the human brain functioning.

Major changes of the cortical EEG with regard to both inter-
central and intra-hemispheric connections in placebo tests can be
characterized either by a decrease in COHm, especially in the range
of delta and theta, or by maintaining the background level. A
power spectrum analysis shows a decrease in the brain waves
magnitude, especially in the alpha range (Fig. 1).

Thus, as a result of placebo (control) tests, a kind of
nexpectancy reaction" with specific space-time organization of the

cortex biopotentials takes place.
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A different EEG pattern is observed after the individual is

exposed to EMF. There is a significant power increase in the alpha
range, especially in occipital and parietal areas in both
hemispheres; in other parts of the spectrum the power remains close
to the background level (arrows 2 and 3 in Fig. 1). Unlike in
placebo tests, an increase in the mean of the coherence level COHm
takes place practically in all the subjects resulting from exposure
to EHF. It mainly occurs in the frontal and central areas of the
cortex and is mostly expressed in slow wave spectrum range (delta
and theta). A similar pattern of brain waves is characteristic of
the state of an increased brain tone, i.e., it occurs in non-
specific activation reaction [16]. This kind of response is
characteristic because it is known that frontal areas of the cortex
are sensitive to various external factors. These zones have broad
bilateral connections with other cortical and subcortical
structures which determine the involvement of frontal areas in many
functional response systems.

Conclusions

1. Peripheral effects of EHF (7.1 mm wave length, 5 mW/cm?)
with a 60 minute exposure causes restructuring of the cortical
brain waves in a healthy individual; this points to the
developments of a non-specific activation reaction, i.e., to an
increase in the tone of the cortex.

2. The study of sensory detection of EMF in EHF range showed
that the field with the above parameters is detected at a

statistically significant level by 80% of the subjects.
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TOM, XapaKTepysyomyM 0COGEHHOCTS (PYHKLMOHMPOBAHMA MOBIa Uelo-
BeKa.

OcHOBHHE MepecTPoRKY KOPKOBO}t PUTMMEX Kak [0 MERLIEeHTpaJb-
HEM, T2K M II0 BHYTpUIONYUAPHEM CBA3AM B OMHTAX C MIaneco Mox-
4o OXAPaKTepU3OBaTh CIENYOTIM o6pasoM: Ju60 3TO CHIEHUES
KOI'cp. » oco6eHHo B o6JjacTy jejbTa-, TeTa-nuarnasoHOB, 6o
coxpaterue GoHOBOI'O YpOBHAA. AHanu3 CIIEeKTPOB MOMHOCTH IIOKA3H-
BaeT, UTO MPOUCXOLUT CHIKEHAS MOIHOCTM PUTMOB GHUONMOTEHLUANOB
moBra, OCOGEHHO BHpameHHOE B anbfa-guanasoHe (cM.pHc.).
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'lakyM o6pasoM, B Pe3yiIbTarTe ONHTOB C nas1e6o BOSHMKAET
cocTofHe cBOoeofpasHoil "pearuuy oxunanua" ¢ 0coloft mpocTpaH-
CTBEHHO-BpeMeHHOt opraHusanyei 61OII0 TEHIUAJIOB KOPH T['OJIOBHOT'O
Mo3ra.

WHas xapruna HaOmomaeTCd B 33T mocse srcrmosnuuu M. B
CIIEKTPANIbHOM COCTaBe OTMEUAeTCH 3HAUMTENHHOS [IOBHIIEHUE MOUl-—
HOCTH B anbda-guanmasoHe, OCOGEHHO B 3aTHIOUHHX U TEMEHHBX
o6racTsx o6oux moAymapuit, B LPYTVX LuanasoHax CIEXTPH MOU-
HOCTM ocTapTcs GauskyMy E GOHOBHM (cTpenku 2,3). B ornuune OT
OMHTOB ¢ myane6o B pe3y.IbTaTe BOBIEACTBUS MOJA KBY npaxTuuec-
KM y BCEX VCMHTYeMHX MPOUCXOLNT [OBHIICHUE CPemHero YpOBHA

Approved For Release 2000/08/08 : CIA-RDP96-00789R003100280001-7



Approved For Release 2000/08/08 : CIA-RDP96-00789R003100280001-7

TAB

Approved For Release 2000/08/08 : CIA-RDP96-00789R003100280001-7



Approved For Release 2000/08/08 : CIA-RDP96-00789R00310024

Biophysics Vol. 34, No. 6, pp. 1086-1098, 1989
Printed in Poland

BIOPHYSICS OF COMPLEX SYSTEMS

RESONANCE EFFECT OF COHERENT
ELECTROMAGNETIC RADIATIONS IN THE
MILLIMETRE RANGE OF WAVES ON LIVING
ORGANISMS*

M. B. GOLANT
(Received 10 June 1987)

The results of Soviet and foreign theoretical studies furthering understanding of the mechan-

ism of the acute resonance action of extremely high-frequency coherent electromagnetic 1a-

diations of low power on live organisms and the significance of these radiations for the func-
tioning of the latter are analysed.

REFERENCE [1] presents a systematic review of experimental work promoting under-

standing of the mechanism of the acute resonance effect of extremely high frequency

(e.b.f)" low power irradiations on living organisms. The results of these studies show.

in particular, that the cells of live organisms generate coherent acousto-electric vibra-

tions of the e.h.f, range used in the body as control signals of its functioning. As fol-

lows from experimental research, the influence of the external e.h.f, radiations on the

body is apparently connected with the fact that at certain resonance frequencies the
signals coming from without imitate the control signals generated to maintain homeo-
stasis by the body itself. External radiations may make good the inadequacy of the func-
tioning of the control system of the body in conditions when the formation by it of
signals of these frequencies in arrested or becomes less efficient for one or other reasos.
Acquaintance with.the data outlined in reference [1] greatly simplifies the review

of theoretical work allowing one not to deal with the investigations in which the initial
Premise is the assumption of the impossibility of generation by live organisms of cohe:
rent vibrations.® It also becomes possible to reduce to the limit the exposition of the
essence of the first theoretical studies seeking to prove the possibility, in principle, of the
mechanism of generation of coherent e.h.f. vibrations in living organisms but not tying
the mecham'sms considered to the features of their functional use: in such a complex
System as the living body one may imagine a number of different mechanisms of generd:

* Biofizika 34: No. 6, 1004-1014, 1989, .

¥ The frequency range corresponding to the millimetre range of wavelengths according (o Sovie!
standard GOST 24375-80 is called the extremely high frequency range. ' :

* See reference {2] to acquaint oneself with the conclusions of such theories and the resultiné
insurmountable difficulties of squaring their conclusions with the resuits of experiments.
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Resonance effect of coherent electromagnetic radiations 1087

tion [3] but one may select those actually existing only starting from their correspondence
to the functional role, :

At the same time, a review of theoretical work necessary for the formation of theor-
etical notions js required not only for the completeness of the picture: absence of theoret-
ical notions does not allow one to stage correctly experimental investigations leading
to conclusions significant in practice, For example, one widespread error is the use for

variety indirectly characterizes the complexity of the system controlling them. Thus, the
author of reference [7, (Russian translation)] writes: “...that to give a full description
of all types of form and movement of eukaryote cells one book would not suffice”,

partially matching ideas are contajned in reference [9]. Where the question concerns
the control of processes in a single isolated cej] the possibility of “writing” in its volume
must exist, i.e. in the volume the mean size of which ~ 10=16 m3, any information neces-

ultraviolet frequency range.

But the wavelength in the system A is determined not only by the frequency but also
by the velocity of propagation v:

A=vff, )
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If the magnitude » corresponds to the velocity of propagation of acoustic waves (hup.
dreds of m/sec) then at frequencies equal to cr exceeding 10 GHz the A values become
less than 10-8 m which ensures the possibility of accomodation in the cell volume (the
mean linear size of which ~ 105 m) of resonance systems of large electric length. The
velocity in hundreds of my/sec is peculiar not only to purely acoustic waves but also to
acousto-clectric waves which will be considered below. Further substantial (by 1-2 or-
ders of magnitude) contraction of the wavelength would lead to jts commensurability
with the size of the atoms a consequence of which would inevitably be the thermal in-
stability of any informational structures the size of the informationally significant ele-
ments of which would be of the order of one wavelength. The contraction of A to the
same values for smaller S through further fall in » would lead to mechanical instability
of the wave-guide structures (cell membranes [1]) as a result of decrease in the elastic
modulus (see below).

The ideas presented make it clear why the influence of coherent radiations of low
(non-thermal) intensity on live organisms has been particularly often observed in the
millimetre * and even shorter wave ranges. As shown in reference [8] in terms of use in
the information system of living organisms the millimetre waves possess two further
advantages.

1. The energy losses associated with the propagation in lipid membranes of an elec-
tric e.h.f. field are relatively low (in the longwave part of the millimetre range ~0-25
dB/cm [10]). From the data of reference [1] it is clear why the water surroundings of the
lipid membranes do not influence the size of these losses: the aqueous medium is separ-
ated from the hydrophobic layer by a space ~ 10 A in which the density of the flux of
e.h.f. power falls by an order. Apparently (judging from the width of the resonance bands
given in reference [1 D) the acoustic losses are also low which is also probably explained
by the feature already noted in reference [1] of the structure of the membranes: the
acoustic link through the 10 A-slit separating the hydrophobic layer from the cytoplasm
is greatly weakened.

2. The energy expenditure on the formation of a certain volume of information in the
millimetre range is relatively low as compared both with the longer wave and the far

“shorter wave ranges, This is connected with the difference in the character of noise in

these ranges as compared with the millimetre. In longer wave ranges noise of a thermal
nature dominates. .

Since in this region Af<kT, the information signals, the intensity of which exceeds
or is commensurate with the noise level, are formed by a very large number of quanta.
The information content of such signals rises with the frequency f. But since the neces-
sary level of signals is determined by the magnitude k7 the ratio of the volume of infor-
mation to energy expenditure on its formation rises with f

In the far shorter wave region hf 2kT. Here the quantum noise associated with t'he
discrete nature of the radiation dominates. Reliable transfer of a certain volume of in-
formation requires that the corresponding signal is formed by the number of quanta

* We would recall that the millimetre range of waves corresponds to the frequencies of the vibra-
tions of 30~-300 GHz~e.h.f. frequency range,
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exceeding a certain level minimal for this volume of information. The higher f the more
minimal the energy of the signal determined by the given number of quanta. Therefore,
the ratio of the volume of information to the energy expenditure on its formation in the
regiop where Af>kT falls in proportion to f. For living organisms with their limited
erergy resources minimization of the expenditure of the iatter determined by the uge
of the millimetre and shorter wave ranges nearest to it is quite substantial.
Acousto-electric e.h.f. waves in cell membranes and their resonances. Reference [1]
gives the results of experiments showing that the resonance effect of e.h.f. radiations on
the cells is connected with excitation of the acoustic-electric waves in closed cell mem-
branes. A theoretical analysis of the problem is outlined in references [5, 11). In this work
on the basis of the data on cell membranes presented in reference [12] (elastic modulus
K. %045 N/m, thickness of the hydrophobic region 4nx3x107° m) an evaluation is
given of the velocity of propagation of acoustic waves in the membrane:

vpz(Ke/pAm)o'st (2)

where p is the density of the lipid (fat-like) layer which for the calculation is taken as
equal to 800 kg/m3. The magnitude v, calculated from (2) is ~400 m/sec. Using (1) and
(2) may one may calculate the wavelength in the membrane for different f and also the
frequency shift between the centres of the neighbouring resonance bands 4f correspond-

ing to change per unit of the number of wavelengths accomodated at the perimeter of
the membrane: *

Hiom
radiations Q
1 observed

4f |~ (K olpd,)° (nd)™?, )
where d is the diameter of the membrane,

The 4f values calculated from (3) satisfactorily agree with those presented for the
spectral characteristics of different cells (1]. This confirmed the ideas discussed in the R
“#t+ preceding section that the information signals in the cells must spread at the speed of the o
sm.

acoustic waves, Separating the right and left parts of (3) iato f and using (1) we transform
(3) to the form

ym the cytc;blht
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Since the number ¥ of wavelengths A at the perimeter of the membrane equal to ndji
is equal for the cells in which the value o lies within the limits 0-5-10 pm to several hun-
dreds or thousands then relation (4) indicates that the sharpness of the resonances in
biological membranes corresponds to that of the contours with the quality factor
~103-104,

As is known [3], cell membranes are polarized and during normal f unctioning of the
cell the strength of the electric field in the membrane perpendicular to its surface is

flAf=ndjd . 4 ’ "'
1

e ~107 V/m. Therefore, on propagation of acoustic waves (producing periodic changes in : ;
yciated with the membrane thickness) in the polarized membrane there appears an alternating electric

n volume of in=".  field changing with the frequency of the acoustic vibrations exciting it. For vibrations of
mber of quanta

ferent d, this is of no importance in evaluating the magnitudes since as a rale the differences in the d

¢ values corresponding to different sections are insignificant.

e * Although excitation of the vibrations may occur in membrane sections corresponding to dif-
pELF
r . : 'l
mcies of the Vﬂﬂl‘l_;m
. f&;
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low amplitude considered here the membrane represents a linear system and hence for 3
certain size of the constant electric field in the membrane the ratio of the amplitudes
of the acoustic and electric vibrations remains constant regardless of the amplitude of
the spreading wave, i.e. an acoustic-electric wave is considered in which the variable
electrical and acoustic parameters cannot be regulated independently.

It should be noted that unlike electromagnetic waves (the slowing of which in the
membrane would be insignificant) the length of the acoustic-electric wave in the mem-
brane is ~ 10* times less than the wavelength in free space and, therefore, the energy of the
electric e.h.f. field in the course of the vibrations in the main is transformed not to the
energy of the magnetic field but to the energy of the acoustic e.h.f. vibrations and back.
This is similar to the transformation of energy in some low frequency parametric systems
in which the vibrations are maintained through transformation of the mechanical energy
expended on increasing the distance between the charges on the condenser plates to the
energy of the electric field.

To the different resonance frequencies S corresponds a different number of standing
waves at the perimeter of the membrane. Therefore, the character of the distribution
of the e.h.f, field also changes with f'both at the surface of the membrane and in the intra-
and extra-cellular spaces lying next to it and, consequently, so does the character of
the controlling action of the e.h.f. field. But for a large total number of wavelengths
accomodated at the perimeter of the membrane, change in this number per unit cor-
responding to the neighbouring resonarces introduces a slight change in the character
of the field distributions. As a result the character of the controlling action connected
with the spatial structure of the field gradually changes from one resonance to another.
At the same time the controlling action of the external radiations may be connected not
only with the spatial field distribution but with the resonance frequencies of particular
protein molecules or intracellular elements. These last changes are more weakly connected
with the structure of the field of the acoustic-electric waves. In reference [5] it is also
noted that since different membrane systems literally pierce the whole cell the acoustic-
electric waves branching off from the resonating membrane may penetrate to any region
of the cell, the direction of propagation and action depending on the type of vibrati?ns
in the resonating membrane and the character of the membrane network changing
configuration in different conditions (7] .

The theoretical evaluations and ideas presented above applying both to acoustic-
electric waves and their controlling action in the cells did not touch upon the problems
of excitation of such waves. The question of excitation is trivial neither for the case when
it operates under the influence of external radiation nor the autonomous generation of
vibrations by the cell itself, Discussion of the problems connected with the excitatioq of
vibrations in the membrane directly leads to analysis of the mechanism of generation
by the cells of coherent vibrations. Therefore, it appears desirable before starting such a
discussion to go briefly into some hypotheses on the character and nature of the

mechanism of action of coherent vibrations on living cells put forward even before
clarification of their functional role in living organisms and the careful experimental
treatment of the problems associated with these mechanisms.
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First theoretical models of the mechanisms of excitation of coherent vibrations in cells.
" \mong the theoretical studies aimed at validating the possibility of generation by living
#lis of coherent vibrations a special place is taken by the numerous investigations by
gohlich already begun in 1968 and summarized by him in 1980 [13). Frohlich was one
f the first to express the conviction that in living organisms thanks to the presence of
getabolic energy coherent vibrations may be generated with the energy of random ther-
sal vibrations possibly being transformed to the energy of coherent vibrations. Com-
gring the thickness of the membrane with the length of the acoustic waves he postu-
sted that the action of radiation may be the cause of excitation in the membranes of
goustic vibrations with which following polarization of the membranes the appearance
J electric vibrations is connected.

Frohlich came to the conclusion that the resonance frequencies may lie in the e.h.f.
ange. All these and a number of other ideas, in somewhat modified and refined form,
4ll retain their value today. Frohlich theoretically also worked out one of the possible
sechanisms of generation of vibrations by the cells on exposure to external electromag-
gtic radiations. He postulated that the mechanism of generation of vibrations by the
#lls is similar to the work of a regenerative amplifier brought to the face of the regime
i excitation. Therefore, a very low external signal (he did not discuss other cases) is
mough to initiate generation of coherent vibrations the power of which approaches.sa-
yration.

The vibiations according to Fréhlich [34] are connected with the strong interaction
i polarization waves in a certain band lying in the frequency region ~10''Hz, with a
weat reservoir and are ensuted by the inflow of energy from metabolic sources. In bio-
cgical systems with low frequency collective vibrations favourable conditions are cre-
ted for phenomena of the Bose-Einstein condensation type in the course of which there
sredistribution of energy between the different degrees of freedom and the concentration
tlow frequency forms of vibrations. Condensation determines the possibility of goal-di-
wted conformational conversion. Frohlich was unable to demonstrate the presence of
ach a mechanism of generation (see below). Moreover, in the period when he advanced
3¢ hypothesis the role of coherent e.h.f. vibrations for the functioning of the cell and
knce also its need for them was not known. Only in one of his late papers [14] did he
auticusly assume that biological systems ...themselves somehow use radiations in the
soth to aco requency range discussed and are, therefore, sensitive to the corresponding radiations”.

R g, Accordingly, in working out the hypothesis questions connected with the different

son the pro . ) . . e :

for the case xaction of organisms to radiation as a function of the initial state of the organism and
Y ¥ iati i : stions concerned with

\us generati .t deviation from normal were not raised or solved; nor were questions co

the excitation st he variety of the spectra generalized by living organisms in particular cases raised or

»lved: nor were questions of the significance for the organisms of the degree of coherence

fthe signals generated raised or solved as is also true of a host of other problems under-

d nature of % wing study of the problem today when answers to specific questions associated wjth the
f3ex  actical use of e.h.f. influence are required.

How far the hypothesis presented may be adapted to solve the questions arising is

iotclear. Probably it is simpler to validate the theoretical construction of the mechanisms
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Frohlich and M. A. Livshits and other supporters of their views [15-18]. The point iy
that to describe the mechanism of excitation of coherent vibrations in the cell Frohlich
proposes [19] a kinetic equation including second order terms (“two-quantum” terms)
characterizing the redistribution of energy between the different vibrations as a resujt
of interaction with a thermostat. Livshits considers that “two-quantum” terms are not

Objecting to M. A. Livshits, H. Fréhlich writes that the “unusual physical properties
of biological systems developed by long evolution cannot be predicted by simple model
calculations but call for direct harmonization with the experiment”, Can one choose be-
tween these two mutually exclusive views?

At first sight the experimental detection of generation by the cells of coherent vibra-
tions [1] favours the Correctness of Frohlich’s kinetic equation. But such a conclusion

outlined above), Therefore, the view of the author of the review will be formulated below
after ending the discussion of the published data.

Fréhlich’s hypothesis was not the only approach to the problem; there are others
stemming from the idea of the existence in living organisms of coherent vibrations but
not solving the real problems listed above, Thus, for example, the author of reference [2]
in 1984 advanced a hypothesis based on the assumption of the existence of a still un-
identified molecule taking part in the intermedate stages of development of biochemical
reactions and present in the triplet state in which two unpaired electrons interact with
their magnetic fields. The molecule has three possible initial states to each of which cor-
responds its course of chemical reactions. It is assumed that the initial state may be in-
fluenced by e.h.f, pumping so regulating the course of the processes. Naturally, ﬂ'"s
hypothesis, too, cannot give concrete answers to the real problems of using e.h.f. sig-
nals in medicine and biology if only because of the unidentified nature of the molecules
the existence of which is taken as its base.

Effect of external e.h. /. radiation on the process of excitation of acoustic electric vibra-
tions in cells, character of the influence of external radiations on the Jinctioning of the cells.
In many experimental studies it is emphasized [1] that a single exterpal e.h.f. exposure
does not act on the ongoing functioning of healthy cell;. In reference [5] it was shcwn that
this may be due to the absence of a link between the retarded e.h.f, waves in the mem-
brane and the unretarded or weakly retarded waves of external radiation. From electro:
dynamics it is known [20] that the link between delayed and undelayed waves may b¢
established by one or more coupling elements (antennae, slits, etc.) located at points the
vibrations in which occur approximately in the same phase, i.e. shifted relative to €A°h
other by a whole number of delayed waves. And, in fact, reference [1] presents publishcd
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data on the formation at the membrane surface in periods when normal cell functioning
is disturbed (and external radiation is capable of acting on its recovery) of tempcrary
structures which may also act as coupling elements.

But how do these temporary structure form? Since the membrane for the electrical
component of the waves excited in it is a retarding system the wave length in which A
is shorter than the length of the electromagnetic waves in the surrounding space, the am-
plitude of the field on moving from the surface of the membrane decreases approximately
by the exponential law exp (—2nx/A4) where x is the distance from the surface [21].
The action of the polarization forces on the excited protein molecules (see below) in
such a rapidly chaaging field, especially at the surface of the lipid layer of the membrane
(where the aqueous medium does not penetrate), is always directed to the surface [22).
On exposure to these forces protein molecules and aggregates move to the membrane
surface and adhere to it [I] from which the elements of the temporary structure are
formed. In fact, the polarization forces acting onthe molecules and aggregatesare deter-
mined not only by the variable but also by the constant components of the ficld in the
membrane pulsating in response to the acoustic wave. These forces are proportional to
the square of the field strength. As shown by calculation, if one ignores second order
terms of smallness the variable component depending on the coordinate / of the forces F,
acting on the protein molecules at the membrane surface is proportional to E, sin?(2xi/
/24) where E; is the amplitude of the variable component of the wave field in the mem-
brane; / is the ongoing coordinate read off along the perimeter of the excited section of
the membrane. Consequently the F; maxima are shifted relative to each other by the
length of the 1etarded wave A (but not A4/2 as in the standing wave), i.e. by the distance
which in line with the forgoing is necessary for the temporary structures formed to ensure
optimally the link between the waves in the membrane and surrounding space.

From the photographs given in reference [23] it will be seen that the temporary
structures described form not over the whole perimeter of the membrane but at points
to each of which cor- of curvature or in narrow gaps between the membranes, i.e. in regions of concentration
itial state may 1 be in- of the fields where their amplitude is maximal. The factors disturbing cell functioning
asses. Naturaﬂy, this in many cases lead to deformation of the membranes which apparently causes the forma-
tion of these temporary structures. Therefore. the effect of the external e.h.f. signals on
the cells with disturbed functioning grows. At the same time amplification of the field
. in the membiane on expesure to e.h.f. fields leads to acceleration of the formation not
1coustic electr e only of the linking elements of the cells with the external e.h.f. field but also to the for-
unctioning oftﬁ&ieﬂv mation of stable information structures ensuring generation by the cells of e.h.f. signals
ternal e.h.f, € .{posﬁrc also after arrest of irradiation [1] (see also below).

:ectrons interact with

1A

ns of using e.h.f, sig-
ture of the molécales

2 [5] it was shown' X It should be noted that strengthening of the link with the external field is also pro-

f. waves in the moted by such cell deformations still not leading to the formation of the temporary ‘
jiation. From ¢ o structures described but such a link must be weaker. This probably determines the re- ,
elayed waves sponse of the cells to repeated exposure to external e.h.f. irradiation where the response

 located at poin to a single exposure cannot be detected [24]. .
1ifted relativ To conclude the exposition of the question of the link between the cell membranes '

[ presents"p bl and the external e.h.f. field we would mention that the literature quoted in reference [1] S




going remarks.

In reference {25] the authors discuss the nature and character of the influence of low
intensity external e.h.f, radiation on the cells which is linked with synchronization by co-
herent low intensity radiaticns of the vibratory processes in the cell. With synchroniza-
tion is linked the strengthening of these vibrations determined, in particular, by the co-
herent summing of the vibrations previously dephased or excited at different frequencies
of the intracellular sources and the formation of a highly effective controlling signal

vital activity of the cell and the membrane takes an active part in its regulation [3] in
reference [25] it was assumed that external e.h.f. radiation must influence it,
It is important to emphasize that external e.h.f, radiation is not an energy source

. Excitation of the vibrations of protein molecules in the cell, The published data outlined
in reference (1] referring to experimental studies indicate that the living cell as an auto-
nomous system is controlled by e.h.f. signals generated by the cell itself, A major role
in this process is apparently played by the protein molecules. In the literature the prob-
lems of excitation of vibrations in protein molecules have been explored reasonably
fully both experimentally and theoretically, ‘

The most detailed experimental investigations [26-30] were undertaken under the di-
rection of Didenko on a specially designed apparatus permitting use of spectra obtained
by the method of nuclear gamma resonance spectroscopy. The apparatus permitted
various measurements in conditions of e.h.f. irradiation both of crystalline and lyophyl-

room to helium. Haemoglobin was used as protein, although the results of measurement
probably apply more generally. As shown by the measurements, e.h.f. exerts a resonance

confcrmational states distinguished by the distribution of charge of the electrons and by
the electric field gradient on the iron nucleus; at resonance frequencies the tertiary struc-
ture is rearranged in the globin part of the molecule and its dynamic properties change.

These problems have also formed the subject of numerous theoretical investigations
in the recent period. Among them we would note the work of Frauenfelder et al, [31-33]
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who developed the model of the dynamic behaviour of proteins according to which the
molecules perform fluctuations passing from one conformational state to another,
many of these states being energetically very close to each other. At reduced tempera-
tures (nitrogen level and even lower) the probability of such transitions associated with
overcoming the potential barriers falls in proportion to exp [~ E,/kT] where E, is the
energy of the transition [34]. At rocm temperature most of the substates are in thermal
equilibrium. The conformational mobility is important for the fulfilment by the bio-
molecules of their biological function, Accordingly thermal equilibrium leads to a cer-
tain averaged distribution of these functions between the molecules.

The e.h.f. signal is capable of synchtonizing the vibrations isolating certain conforma-
tional states in those molecules with 1esonance frequencies close to the frequency of the
synchronizing signal. The possibility of excitation of the vibrations in protein molecules
by the electromagnetic signal is determined by the fact that ions as part of the protein

, the character of the process of drawing to the
inner surface of the membrane being similar to that of molecules to its outer surface [23].

As a result information structures may form on the membrane surface (an example of
one of them was given in reference [1D.

Didenko relates the results obtained by her in study of the action of an e.h.f. signal
on the Mossbauer spectra of protein molecules to excitation in the latter at the resonance
frequencies of acoustic vibrations. The quality factor of the haemoglobin molecules as
acoustic resonators Q,, according to the evaluation made by her (on the basis of the ana-
logy with polymers is quite large: ~ 104, The magnitude 4/Q,,>> kT and, therefore, in such
molecules the effects of accumulation of the energy of many quanta may operate allow-
ing one to isolate the action of even very weak coherent signals against the background
of noise.

Mechanism of generation by the cells of coherent e.h. J- signals. The material of the

previous sections allows us to pass to an exposition of ideas on the mechanisms of auto-
generation of e.h.f. vibrations in the cell [5 i

already noted the action of the external signals on the cells is effective only to the extent
itimitates their autovibrations.

Probably it is rational to outline as follows the sequence of the process of excitation
of the autovibrations. In conditions when as a result of certain actions on the cell lead-
ing to anomalies in its functioning its symmetry is disturbed, conditions of preferential
excitation are created in the cell membranes at certain resonance frequencies (see above),
This leads to synchronization of the vibrations of those protein molecules adhering to
the membrane and the resonance frequencies of which coincide or are close to the fre-
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to explain as a consequence of the impacts on their protiuding portions of the molecules
drawn to them by the e.h.f. field. The use of external e.h.f. signals of the same frequencies
which for the corresponding disturbances would be generated by the organism itself
may accelerate the process of generation of the information structure or make 1t more
effective.

The process described is a system process involving metabolism, protein molecules
and the membrane system alike and if one considers multicellular organisms (which we
have not touched upon in the present review in order not to complicate the exposition)
then one also considers the organism as a whole (naturally its different parts to differing
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degrees). The mechanism described, of course, is still highly hypothetical.
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ACTIVATION ENERGY AND ANALYSIS OF POSSIBLE
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From analysis of the main contributions to the activation energy of a series of stages of oxida-
tion of water to O, the following conclusions are drawn: the barrier set up by the repuision of
unbound O atoms on their convergence is partially overcome through the energy of binding
- of the water molecules by manganese ions. Concerted electron and proton transfer with the par-
ticipation of bases stronger than water greatly improves the energetics of the process; the most
probable pathway of the reactionis the rate-determining two-electron oxidation of water to
hydrogen peroxide (the possibility of this process taking place in two successive single-electron
stages is not clear) with two subsequent- fast stages of oxidation of H,0; to HO: and
then to O,.

IN references [1, 2] we considered the equilibrium values of the changes in the configura-
tional free energy of the reaction of evolution of O, as a whole and its individual sta‘geS-
We now look at the factors determining the height of the activational barrier. Lei U

* Biofizika 34: No. 6, 1015-1020, 1989,
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furthering understanding of
cute resonance action of extremely higp ﬁ'equencyr coherent electro-

a
magnetic radiations of low power on living organisms and the significance of these radja-

€xample, [2]) and
study of the character of the thermal and
their practical usage,

[* Biofizika 34; No. 2, 339_348, j9g9,
t The range of extremely high frequencies (e.h.t,
‘ the millimegre wave range from | to 10 mm [1 I
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Action of electromagnetic radiations of millimetre wave range on living organisms 7

However, simultaneously there appeared data on the effective influence on the functioning of

iving organisms of non-ionizing radiations of low power (so-called non-thermal level of power)

ermeable ggs on exposure to which heating of the tissues does not exceed 0-1 K. It was difficult to understand the
soncept of pature of their actual presence from the same standpoint from which the action of more powerful
1Zyme Systeg radiations was explained. Many considered that it is a matter of artefacts particularly since at first

i the reproducibility of the results was extremely poor. The data referred to different biological objects

and the action was characterized by different biological parameters and the acting factors were also

1€ memb

ne rearr. got compared. However, communications on non-thermal actions of electromagnetic radiations
of the auth did not cease and it would be impermissible to ignore them if only from the point of view of the safety
microbial pg techniques in work with radiations.

rking in ong
ng of supra-

. At the start of the 'sixties a number of teams under the joint scientific direction of Academician
N. D. Devyatkov embarked on a systematic study of the action of coherent radiations of non-thermal
Jevel on living organims. The work was conducted in the e.h.f. range [3] since in the course of setting
up the first series of generators covering this range Academician Devyatkov and the author identified
the specific features of e.h.f. radiations both as compared with lower frequency and far higher fre-
quency ranges [4] suggesting the possibility of an énhanced reaction of living organisms to these
radiations. Later, the special possibilities of using the radiations of this range were validated in rela-
tion to the problems of medicine and biology [5).

For any sufficiently complex system, primarily for living organisms, study of the features of
their Teaction to agents must begin by answering the question of the role of these agents in the
functioning of the system or organism. The answer to this question may give knowledge on the re-
gularities of the behaviour of the agent. Therefore, study of these patterns was the main aim of the

first systematic experimental investigations.

IDENTIFICATION OF THE BASIC PATTERNS OF THE ACTION OF
COHERENT E.H.F. RADIATIONS OF NON-THERMAL LEVEL OF POWER ON
LIVING ORGANISMS

The first series of experiments sought to clarify the question on the reality of the effective ac-
tions, or artefacts, of coherent e.h.f. radiations of non-thes mal intensity (hereafter for brevity called
e.h.f. radiations) on liviog organisms and if such actions exist to identify their basic patterns. It
was undertaken on organisms of differing complexity of organization (from bacteria to mammals).
The results have been repecatedly and quite amply discussed in the literature. In particular, the re-
views of the first 70 publications are given in [6, 7}; in references (8, 9] the technique of the experiment
is described and the main patterns, later also treated in reference [10], presented. Subsequent experi-
ments confirming these patterns were also undertaken abroad (see, for exampie, {11, 12]). Therefore,
it is desirable without digressing on a repetition of these experiments (the main results will be pre-
sented in the course of the exposition) to begin straight away with formulations of the patterns iden-

ding of tified on their basis.
3’°°“:°' 1. The dependence of the biological effect on the frequency of coherent e.h.f. radiation acting
radia- on the body is of an acute resonance character, i.e. the response to the agent occurs in narrow fre-
quency bands (usually ~ 10-3-10-* of average frequency).
2. The effects observed in a certain fixed time of the action of e.h.f. radiation are not critical
> (see, for to the density of the incident flow of energy. Starting from a certain minimum (threshold) density
cned with amounting for different organisms to 0-01-100 mWicm? the subsequent rise in flow by 2-3 orders

isibility of

sponds to

of magnitude for a single action does not, as a rule, influence the biological effect.

3. The memorization of the action of the e.h.f. — persistence for a long time after arrest of the
exposure of the resulting changes in the functioning of the organism —ensues only when irradiation
is of sufficient length: from a few tens of minutes to a few hours.

4, The biological effects of the action of e.h.f. radiations closely depend on the initial state
of the body. Single e.h.f. irradiation does not significantly influence the current functioning of the
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healthy organism. If any of the functions of the organism is disturbed, exposure to coherent e.h.f,
radiations may in many cases restore it.

It is important to note that heat exposure cannot give effects satisfying these patterns. This,
of course, does not exclude the existence of purely thermal effects weakly depending on frequency
and corresponding to low levels of the acting power flux [13, 14],

To form ideas from the experiments on the nature of the action of e.h.f. radiations on living
organisms a major role is played by the common nature of the patterns presented for organisms
of different complexity of organization. This allows one to use the data of many investigations and
not to confine the field of the investigations to the chatacteristics of any one object.

Analysis of the patterns listed outlined in the greatest detail in [14, 15] suggested two main
conclusions.

a) The effect of coherent e.h.f. radiations on living organisms adds up to the control of the
festorative processes occurting in them and processes of adaptation to the changing conditions of
functioning; and

b) the effectiveness of the acute resonance action on the organism of radiatjons originating
from sources of coherent oscillations external in relation to it is connected with the fact that these
radiations may excite in the organism coherent ¢.h.f. oscillations simultaing signals generated in
¢ertain conditions by the organisms themselves. A similar conclusion is also contained in refer-
ence [16].

However, the passage from the patterns outlined to these conclusions at first ran through
complex logical reasoning, The question of more direct experimental evidence retained its acuity,
namely the present review is devoted to a description of it. The material will be outlined in the order
and way in which it may serve for answering the specifically posed questions corresponding to the
problem under study. The choice of the experiments described in each case is determined by the
completeness of the answer to the question posed ensured by them.

In order to fit into the volume of the paper the information necessary for illuminating the most
important aspects of the problem the material will be given without going into details which are
contained in the quoted sources. In particular, the communications [11, 17, 18] are specially de-
voted to the question of possible experimental errors. Here, we would merely note that in the ex-
periments described below in nearly all cases the range of changes occurring on exposure to e.h.f.
radiations was far smaller than the mean value of these changes.

Fro. 1. Induction co
fy

mdition that to cacl
r. The action spe
fulfilled. They refle

LINK BETWEEN THE ACUTE RESONANCE CHARACT ER
OF THE RESPONSES OF ORGANISMS TO THE ACTION OF EH.F. RADIATIONS £ P
AND THE INFORMATION FUNCTION®* OF THE LATTER ;

For the comprehensive control of the functioning of an organism many control signals dif-
fering from each other are necessary. The acuity of the resonance responses of the body toirradiation
(narrowness of the frequency band, see, for example, Fig. 1) characterizing the first of the above

formulated patterns contributes to the formation on the basis of them of a large number of different -
spectra. But to answer the question of how far the acute resonance nature of the responses of the o g_\{_
orpanisms to tl3e action of e.h.f. radiations may indicate the information function of the latter, it S Ut
was first necessary to satisfy ourselves that a large number of such resonance response actually exists. . Th

The action spectrg (12, 19] given in Fig, 2—dependence of a certain biological parameter on fre- LT ' Dependence:

quency ~confirmed that the position is actually so. t Similar dependences had already been registered
in reference [20], only the number of identified resonances was smaller. With such a density of
accommodation of the resonance bands in the frequency range their combinations in the spectra may
ensure a huge variety of signals. But this wiil correspond to the diversity of control only with the

* Below by information function we mean the role of e.h.f. radiations as control signals.
t We would note that in reference (19} for some resonance curves from among those shows
in Fig. 2b, we present a large number of experimental points.
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F1g. 1. Induction coefficient of Jambda prophage as a function of the frequency of the acting ra-
diation [11]. i

condition that to each of these bands correspond states of the organism somehow differing from each
other. The action spectra presented do not answer the question of whether or not the last condition
is fulfilled. They reflect the dependence on frequency of only one single biological parameter and the
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1registered B FiG. 2. Dependences of the normalized growth rate of a yeast culture on the frequency of the acting
density of radiation [12] (@) and change in the number of karyocytes (N/N,) after exposure to e.h.f. combined
pectra may with X-radiation with the wavelength of e.h.f, radiations in free space [19] ().
ly with the

signals character of the change in the other parameters is not defined. Moreover, biological methods cannot
gnas. . provide an answer to this question since complete examination of the biological object is extremely

ose shown laborious, if feasible at all [21].
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Action ¢
A certain but insufficiently coinplete answer to this question is

detection of the frequencies of exposure optimal in terms of the maxim
processes in the organism [22). The resuits of one such investigation are given in Fig. 3. Since the
frequencies optimal in terms of reaching the maximum changes of arbitrarily chosen parameters

are usually scattered far apart the corresponding experiments cannot give an answer to the question
of the differences in the effects on the Organism in near resonance bands.

given by experiments on the
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F16. 3. Enzymatic activity of Asp.

awamory 466 (in relation to control) as a function of the wave-

free space for two different substrates [22); I —alpha amylase;
2-glucoamylase.

n of yeast cells: g—not exposed to o.h.f. radiation; 5 —ex-

is the ratio of the ceil couats in the suspensio;

n to the initial value; ¢ is time in cycles
of development between successive divisions, duration of cycle 1 hr,

length of the acting radiation in

F1G. 4. Curves of the synchronous divisio
posed (23); a/n,

It has been assumed that a difference in the duration of the cycle is connected with the difference
in the frequencies of the e.h.f. oscillations gencrated by the cells. In fact, after synchronization of
these oscillations in the course of relati_vely brief (in different conditions from several tens of minutes

h. _ ‘Fhuis, the exr
in the duration of the cycle for different cells was virtually removed and cells to elg
reflected in the constancy of the duration of (he steps (Fig. 45). A similar effect can also be obtained g from the ¢
through mutual synchronizati illations i 1is without resorting to an external emitter. cells. For th
For this it suffices to amplify the emission of the cells. As shown in [24, 25] amplification of emission
can be achieved, in parti

cular, by introducing into the ceil suspension long-fibrous molecules acting
as antenna (this will be examined below in more detail),
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Action of clect1 omagnetic radiations of millimetre wave range on living orgarisms 373

At the same time, different cells, for example single-type cells of different animals apparently
enerate, in principle, different frequencies not amenable to mutual synchronization. In [25] de-
f the same animals ef-

scribing the interaction of ecythrocytes it was established that only those ©

fectively interact (attract each other); they find each other even in a suspension of cells of different

animals.
Inthec
tions by an external e.h.f. si

ourse of the above-described experiments on synchronization of the cell-generated oscilla-

gnal the duration of the cycle was found to depend on frequency: it was

t,min
80

60
4 50 f,GHz

FiG. 5. Duration of cycle of development of yeast cells between successive divisions as a function
of the frequency of the e.h.f. radiation acting on them.

proportional to the frequency of the signal synchronizing the oscillations in the cells (Fig. 5). Com-
parison of this result with the action spectra (Fig. 2) indicates that together with resonance depend-
ncy in a set of other

ences of one specific parameter on frequency there is gradual change with freque
g the duration of the cycle. This is refected in change in the integral charac-

parameters influencin
teristics. Consequently, to each of the resonance bands correspond changes in the body differing

in some way from each other.
At the same time the smoothness of change with the frequency of the integral characteristic

indicates that even the individual parameters of the cell with change in the frequency of the oscilla-
tions generated by it change gradually so that it may be expected that at close resonance frequencies

the organism as 2 whole changes relatively little.

WHAT STRUCTURES DETERMINE THE RESONANCE NATURE
OF THE RESPONSE OF THE ORGANISM TO EH.F. EXPOSURE?

The large number and regularity of lines in the action spectra shown in Fig. 2 indicate that
e.hf. radiation leads to excitation of multimodal resonance systems. Shift in 4 between the neigh-
bouring resonances in wavelength in the free space and the value 4 of the mean wavelength in the
region in which the spectrum is recorded (see Fig. 2) make it possible to determine the number of
wavelengths in the excited resonance system N=A/ |44l (With this condition 44 corresponds to change
per unit aumber of wavelength accommodatedina closed resonance system, i.e. transition to resonance
of the type of oscillations closest to the initial.) Thus, for example, in the experiments run with cells
and described in {20] N=200. In the experiments described in reference {121 N= 1500 (see Fig. 2).

The wavelength in the system in order of magnitude must be equal to the ratio of the perimeter

of the cell (microns to tens of microns) to the magnitude N indicated, i.c. the wavelength in the

excited system is ~ 10¢ times shorter than that in the free space {24] and this, in turn, indicates that

the waves in a multimodal resonance system spread at the velocity of sound (in order of magnitude).
that on exposure

Thus, the experimentally established nature of the action spectra indicates
of the cells to electromagnetic radiations acoustic-electric oscillations are excited in them (24}

Judging from the character of the action spectra in mammals (Fig. 2b) they are also due to resonances
he losses on the propagation

in the cells, For the oscillations to be excited by electromagnetic waves t
of acoustic-electric oscillations in the resonance system must be relatively low. This requirement is

met by the losses on propagation of the e.hf. in a lipid medium (10-fold decay at distances of the

order of centimetres [26]. Such distances. are very large as compared with any intracellular dimen-
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In principle, a priori, the resonances observed in study of the action Spectra cannot be equated
with those on excitation by e.h.f. fields of passive electrodynamic structures, The difference is that
in experimental study of th i

he ohmic losses for the waves spreading in the membianes may rise
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Action of electromagnetic radiations of milllmetre wave range on living organisms . 377

cases are very close (Fig. 6). This is direct confirmation of the fact that the e.h.f. may excite oscillas
tions precisely in the membranes and allows one to tie the observed biological effects of the action
of c.hf. on the cells to the resonance frequencies of the excited oscillations.

WHAT ENABLES LIVING ORGANISMS TO MEMORIZE EH.F. EXPOSURES AND
: ACCORDINGLY CHANGE THE CHARACTER OF THEIR FUNCTIONING?

In line with the third of the above listed patterns living organisms memorize the external in-
fluence exerted on themand after its arrest continue to generate for a long time the frequencics estab-~
lished under its influence determining the changes in the character of functioning. In technical
multimodal auto-oscillatory systems to fix excitation for certain types of oscillations special struc-
tures are used determining the most favourable conditions of excitation for these types of oscillations.
In the case of living organisms the structures fixing the type of oscillations could be created only by
the organism itself in the period of the action on it of the e.h.f. radiations. The duration of the process
of memorization already led to the conclusion that such structures are formed in the organism on
exposure to an e.hf. (see above); it might be determined by the time of construction of the structure.

Deeper study of the question may be furthered by the results of experiments described in [32).

In the course of these experiments condudted on mice it was shown that the biological effect of ¢.h.f. .
" exposure for 1 hr does not change if continuous is replaced by pulsed irradiation with a power of

the pulse radiation equal to the power of the continuous. The power of the continuous exposure
was close to the threshold value (see pattern 2) and the porosity on pulse exposure was equal to six.
Thus, the mean power on pulse exposure was several times lower than the threshold value for conti-
nuous exposure. The duration of the intervals was 2X 10~ sec. The following conclusions could
be drawn from the results.

Firstly, the character of the biological effect in the pulsed and continuous regimes of exposure
to e.h.f, radiations is the same if the frequencies of the acting oscillations match. Secondly, in the
pauses between pulses when the external irradiation of the animal is absent, in the organism itself
the e.h.f. oscillations stay at & level close to that established in the period of the pulse and, thirdly,
with shortening of the total duration of exposure the biological effects determined by memorization
of the action are not observed. Consequently, one of & small number of puises is insufficient to give
structures fixing the new (resulting from irradiation) state of the body.

Nor did these experiments allow us to judge the character of the structures formed. Morpho-
logical investigations were necessary to determine it. Such morphological investigations have been
widely conducted in connexion with study of the ultrastructure of aspects of memory [33]. It was
established that the memorization process in the cells leads, in particular, to the formation on their
membranes of structures adhering to the latter (we shall call them informational) which in the process

of forgetting again pass to the cytoplasm (Fig. 7).

INFLUENCE OF THE POWER OF EXTERNAL EH.F. SIGNALS ACTING ON ORGANISMS

’ ON THE BIOLOGICAL EFFECT OF THE ACTION AND ON THE DYNAMICS

OF FORMATION OF STRUCTURES DETERMINING THE MEMORIZATION OF THE
RESULTS OF EXPOSURE TO AN E.H.F.

Unlike energy factors acting on living organisms (factors for which the biological effect is detes-
mined by the energy coming from without) the biological effect of the informational ¢.h.f. influences
is primarily determined by the information content of the signal (its frequency spectrum if it cor-
responds to the natural frequencies of the biological system) and in a wide interval of changes of
power does not depend on the size of the latter (see pattern 2 and Fig. 8 reflecting it). This indicates
that the volume of the near-membrane aggregates in the informational structures described in the
previous section starting from a certain value weakly influences the character of the e.h.f. field formed
by the membrane. In terms of e.h.f. electrical engineering this is natural: the frequency of the signals
generated by the cell and fixed by the informational structure primarily depends on the character
of the given structure. In other words, the frequency to a far higher degree depends on the location
of the clements forming the structure than on their size.
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F1c. 8. Coefficient of induction of synthesis of colitsin as a function of the flow density of e.h.f.
radiation [7].
F1a. 9. Duration of exposure (f, —time of irradiation) as a function of the flow density of e.h.f.
radiation for an unchanged biological effect: ] —minimum time taken to synchronize oscillations
of all cells; 2—time required to synchronize oscillations of 15 per cent of the cells; 3—maximum
exposure time for which synchronization of the oscillations of the cells still does not appear.

However, the dynamics of the process of formation of informational structures cannot be
influenced by the power of the signal causing them to form. To identify the nature of this influence
a series of experiments was run. They determined, in particular, the dependence of the degree of
synchronization of the oscillations in yeast cells on the duration and power of the signal acting on
the cell suspension. The results of such an experiment are given in Fig. 9. The character of the
dependence of the degree of synchronization on time is quite trivial. The greater the initial shift
of frequencies of the oscillations generated by the cells from the frequency of the synchronizing
signal the longer must be the process of synchronization determined by the rearrangement of the
structure adhering to the membranes. Comparison of the dependences of the degree of formation
of the informational structures on the exposure time and the power of the acting signal allows one
to judge a great deal.

As may be seen from Fig. 9, the power of the e.h.f, signal is connected with the time of exposure
required to achieve a certain biological effect, a dependence close to exponential. With what is this
connected? The biological effect is determined by the formation of informational structures. It may
be assumed that acoeleration of this process is connected with enlistment for their formation of protein
molecules from layers of the cytoplasm more distant from the membrane but the e.h.f. field on
moving away from the membrane drops exponentially (see above). Therefore, for the e.h.f. field
forming the structures to reach the required value at a larger distance from the membrane the ex-
ponential drop of the field must be compensated by an exponential rise in the external e.h.f. signal.

It should be noted that thanks to fall in the amplitude of thee.h.f. field in a direction perpendic-
ular to the membrane surface the molecules shift under the influence of the fleld not so much along
this surface as are attracted to it [34]. Therefore, the process of the action of the e.h.f. field described
on the molecules in the volume of the cytoplasm explains not only the process of the formation of
informational structures on the membranes (see, for example, Fig. 7) but also the process of drawing
the protein molecules described in reference [35] to the surface of the membrane (Fig. 10) in condi-
tions unfavourable for the functioning of the cell, i.e. in periods when in it restorative and adaptative
processes develop. Apparently this process of drawing the protein molecules to the membrane sur-
face organized by the e.h.f. field indicates that the role of the e.h.f, signals is not confined to deter-
mination of the “direction’ of the restorative activity of the ceil. They take part in the process of
mobilization of its resources which .is zreater and more rapid the more intense the controlling
signal. :
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tion of the phenomenon, the authors of reference [23] ran the following experiment similar to those
described above with synchronipfidn of the cell-generated oscillations by the external monochromatic
¢.h.f. signal. The only difference was that irradiation was with a signal modulated in frequency. The
results are given in Fig. 12 showing that the greater the amplitude of frequency modulation (inevi-
tability causing some initial desynchronization of the oscillations in the cells) the greater must be
the power of the signal to achieve in a fixed time period a certain degree of synchronicity of cell
division. Rise in the power required for synchronization with increase in the amplitude of frequency
modulation is of an exponential character.

In line with the analysis made in the preceding section the character of the dependence observed
indices that in conditions of low coherence of the oscxllatlons in the cells control of their functioning
calls for high mobilization of the cell resources. This, in turn, may explain why the not-young or-
ganism with its weakened links (including electromagnetic) apparently already unable to ensure high
coherence of the. generated signals is more subject to disturbances and diseases. Consequently, it
may explain why in the case of upsets of the functioning of the organism associated with disturbance
of the intercellular or intracellular links (which would not cause this upset) exposure to external
coherent e.h.f. signals at certain, i.e. determined by the character of the disturbance, frequencies
has a beneficial effect on the restoration of normal functioning.

We would note that the last experiment is very illustrative in terms of showing the non-thermal
pature of the action of the e.h.f. effect: frequency modulation in a narrow range has practically
no affect on the energy absorbed by the cells. At the same time as may be seen from Fig. 12, main-
tenance of the biological effect requires an exponential increase in the energy expenditure.

INTERCELLULAR E.H.F. LINK AND EH.F. LINK IN 'l'i*IE VOLUME OF THE INTEGRAL
MULTICELLULAR ORGANISM

The preceding sections were mainly concerned with experiments involving intracellular processes.
However, the experimentally established patterns presented equally apply to muiticellular organisms
and in the last case the local e.h.f. exposures may influence change in the functioning of the regions
of the body quite remote from the irradiating surface.

This calls for experiments answering the following questions: 1) how can the e.h.f. signals gene-
rated by the cells be emitted beyond the cell (we would recall that as shown above the e.h.f. field
in the normal state of the cell is pressed to the membrane surface over a distance ~ 1 nm); and 2) over
which channels can the e.h.f. signals in the organisms spread over large distances?

The first of these questions may be answered by the investigations {24] showing that emissions
of the e.h.f. signals from the cell may be enhanced if on the membrane surface projections form with

‘a height of several tens of Angstroms especially if several such projections acting as antennae shift

relative to each other by distances close to the wavelength in the membrane (~ 100 A) for the middle
part of the e.h.f. range. In fact, the photographs of the membranes recorded with an electron micro-
scope corresponding to the period$ when the normal functioning of the cells was disturbed in one
way or another revealed such projections —septa (near-membrane aggregates) with the dimensions
indicated above [35] (Fig. 13). Such antennae may be used to transform part of the energy of the
retarded to the energy of the non-retarded wave.

If the antennae are situated at points of the resonance system at which the oscillations have
an identical phase, i.e. at points separated by distances equal to a whole number of wavelengths,
and the length of the antennae is sufficient to take the oscillations from these points to the region
where the amplitude of the retarded wave is heavily reduced then in this region the set of antennae
will excite the non-retarded wave since at each given moment the field at-the ends of these antennae
is identical. Maturally, the non-retarded wave may be excited (though less effectively) by a single
antenna.

The main means of propagation in the body over distances of information associated with the
excited e.h.f. oscillations appears to be the nervous system. The experiments of Sevast’yanova showed
that anaesthesia like the sectioning of nerve fibres lessens the influence of e.h.f. impacts on the func-

i
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tioning of the body. It was assumed that the e.h.f. signals spread via the myelin-lipid sheaths of the
he e.f. losses in which are minimal (see above). This conclusion was figgt formulated

perve fibres ¢
in reference [25]. Such an assumption is also supported by the changes described in reference [35]

in the character of these sheaths in the regions of the nodes of Ranvier helping to establish a link
petween the neighbouring portions of the myelin sheaths in periods unfavourable for the normal
functioning of the body. The probability of an e.h.f. link through the nervous gystem is also indicated

Af,MHZ

800

400 |~
2001
1 1 1
g0 2 110 10
P,mw/cm?
Fic. 12 Fia. 13

Fig. 12. Dependence of the maximum amplitude of frequency modulation 4f for which the frequen-
cies of the oscillations in the cells can still be synchronized by external radiation for a power flux
density P.
Fic. 13. Formation of reactive structures of the membrane associated with its activation: endocytotic
' vesicle covered with protein aggregates (35} '

by the enhancement described by the authors of [37] of the effect of e.h.f. signals on the body if the

points of acupunture are directly exposed to e.h.f. radiation.
Also possible is humoral transmission of the e.h.f. signals with the moving cells (primarily the

blood cells) by generating oscillations of corresponding frequency. But the author does not have
to hand the results of direct experiments confirming this assumption.
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ELF ELECTROMAGNETIC FIELDS AS A NEW ECOLOGICAL PARAMETER

Temurjants, N.A., Sidyakin, V.G., Makejev, V.B.,
Simferopol State University, USSR.

Vladimirsky, B.M.,

Crimean Astrophysics Observatory, USSR.

Summary

A short review of the investigated problem 'Solar activity and the Bios-
phere' is presented below. The research was being carried out by the Sim—
feropol State University, the Crimean Medical Institute and the Crimean
Astrophysics Observatory in the years 1972-1985. The main conclusion is
that the effect of solar activity upon medical and biological processes can
be explained if one takes into account a new essential parameter in ecology
~ an electromagnetic background field at the Earth's surface in the VLF -

ELF range.

Introduction

The problem of the effect of solar activity upon the Biosphere is an old
controversy and has had a long history. At present the problem in question
hardly seems to attract the attention of scientists. The overwhelming ma-
jority of researchers considers the effects of solar activity on the bio-
phere to be a myth or at least a pseudoscientific activity of some small
groups of 'adherents'. However, we think that there is no basis for such
an opinion. For the last ten years strong empirical evidence of correlations
between the indices of solar (geomagnetic) activity and some biological
parameters (or medical statistical data) has been obtained. In lots of ca-
ses these correlations have a strong statistical significance, they are
based on a large body of measurements and have been verified by independant
groups in different laboratories. Unfortunately, there is no possibility
here to present a full survey of the literature on the problem. Some impor-
tant results were published in the collections of the articles edited by
Gnevyshev, M.N. and O1', A.I. in 1972 /1/ and 1983 /2/ (one more paper is
being prepared: /3/). An extensive discussion of the problem under study
is given by the authors of the present paper in their monograph /4/.

The interdependence of solar activity variations and biological processes
is a widely-spread phenomenon. It has revealed the major divisions of bio—
logical systematics including bacteriology, entomology, ornitology, etc.
The same type of regularity is observed in many topics of medicine, such as
cardiovascular diseases, ophtalmology, nervous system diseases, psychiatry,
pediatrics, etc. All the data are conditioned by uncontrolled environ-
mental factors. The most essential feature of this operating agent can be
defined by comparing the results of various observations. The main peculi-
arities are as follows:

1. The operating physical agent penetrates into a laboratory room but it
is modified by an electromagnetic screen.
This agent is constantly present, and yet it has diurnal and seasonal

2.
variations.

3. Some parameters of the agent (intensity?) change with variation of
the geographic latitude from the equator to the pole.

4. The modification of the agent parameters due to solar activity vari-

ations is controlled both by solar wind variations and ionospheric

disturbances.

Of all the known physical factors among the above mentioned characteristics
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the variations of the Earth's electromagnetic field intensity in the very % CR
low frequency — extremely low frequency range satisfy very well. They are 100
the VLF emission of the magnetosphere, the atmospheric and geomagnetic

micropulsations. Nowadays the electromagnetic nature of the operating fac—

tors is established by considering the discovery of the biological sys-— 80 {
tem's very high sensitivity to electromagnetic fields in the VLF range.
This discovery seems to be the most important event throughout the long £

history of investigating the problem in question:
We present here a short review including the major results of the inves-

tigaticns done by the researchers of the Simferopol State University, the 4016
Crimean Medical Institute and the Crimean Astrophysics Observatory. In s
this paper we shall confine ourselves to exemplifying the most relevant 20l 4
findings without going into additional details (see also /4/ and the refe- !
rences therein). . o :

Influence of very weak electromagnetic fields

Several types of experiments with small intensity alternating magnetic E:ﬁé
fields have been carried out. Fig. 1 shows typical results obtained for
pigeons. The birds were exposed to a magnetic field of 8 Hz-frequency (in-—
tensity — 5000 nT) for 3 hours per day. To test the nervous system perfor-
mance the capacity of fulfilling classical conditioned reflexes was used.
In fig. 1 this is shown by the upper curves as a function of time (1: mo-
% del; 2: experiment). One can see some reduction of the reflexes following PO
' the exposure to the field (up to 70%). It should be noted that during mag-

i netic storms the reduction of the reflex performance was also observed

 F 8 (for details see /5/). An influence of alternating magnetic fields on the 1.€

* ] nervous system of birds measured in different tests was revealed to be de- i
H pendent upon the electromagnetic field parameters. To study these depen-

NDIIPN 5 I L g I

dences large numbers of experiments were carried out.

i
!
Spectrum measurement of alternating magnetic field )
;‘ Biological activity I,‘

]
F } Special series of experiments were done to study the frequency-dependent
| }

'

¥

b

field activity. Up to 15 different biological indices for rats were mea-
sured for each value of frequency. Forty frequencies ranging from 0.01 Hz
to 100 Hz for the three intensity levels of 5000 nT, 500 nT and 5 nT were
analysed. The experiments were carried out in a special screened chamber. 0,
" | An exposure of 3 hour duration was used in each experiment. The typical
: situation is given in fig.2. Here the ordinate points to the activity of
‘ one of the enzymes in the rat's blood. The abscissa indicates frequency
(Hz). Vertical lines at the bottom are measures of the statistical signi-
1L ficance of the difference between the model and the experiment. It is evi-
4h dent that the biological effect of the field has a strong dependence upon 0,
i g1 the frequency: at some frequency values the enzymatic activity is enlarged,
EEN at the other it is decreased. Several hundreds of experiments were perfor-
’? ; med to verify the reproductivity of measurements. As a result, 'active'
A ; frequencies were revealed. Within the above-mentioned range these frequen-
A cies are as follows: 0.02 Hz, 0.5-0.6 Hz, 5-6 Hz, 8-11 Hz. One of these L
i 'active' frequencies is close to the standard frequency of Pc 3 geomagne- -
i tic micropulsations (0.02 Hz). An other such frequency coincides with the
| well-known fundamental frequency of the ionospheric waveguide (8 Hz). The
‘ activity spectrum has been found out to be partly dependant upon the field

intensity. F

23]
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Fig. 3. Correlations between biological effects
and field intensity.

Interdependence between biological effects

and field intensity

Special experiments were also carried out to examine the dependence of
biological effects upon the field intensity for the only one frequency
value. An example is presented in fig. 3. In this case only one isolated
frequency was used — 8 Hz. The ordinate shows the glycogen concentration
in the rabbit's blood. It is clear that growth in the field intensity
gives no rise to stronger biological effects. The presence of a certain
optimum intensity in some intensity range is clearly seen in these expe-
riments. Thus, the dependence of biochemical or physiological changes
upon the field intensity has in general a very complex non—linear form.

It is important to mention that while certain biological and biochemi—-
cal changes were taking place the minimum field intensity for mammalia
was as small as 0.2 nT (with a frequency of 8 Hz and an exposure time of

. 3 hours). For the electric field the exposure was about 0.1 V/m.

Traditionally, biophysicists have considered specific effects of the
electromagnetic field in biological tissue to be hardly possible for such
small intensities. However, over the past two decades we have been wit—
nessing growing awareness that very weak alternate electric and magnetic
fields do have clear effects on a living organism. Such effects are,
of course, hardly explainable in the simplified terms of Joule heating.

A new approach to understanding these results is necessary (a number of
reviews on this new branch of investigation, i.e. biological action of
non-ionising radiation, are available - see /6/).
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Conclusion

Qur most relevant conclusion is that natural electromagnetic fields
within the low frequency — extreme low frequency range should be regarded
as an essential factor in ecology. These electromagnetic background fluc—
tuations are closely related to solar activity variations. Thus, the solar
activity influence upon medical and biological processes can be explained
by taking into account this new ecological agent.
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Resonance Effect of Microwaves on the Genome Conformational State

“of E. coli Cells
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Cellular Biology, Microwave Bioaction, Radiation Damage, Repair

The effect of low intensity microwaves on the conformational state of the genome of
X-irradiated E. coli cells was studied by the method of viscosity anomalous time dependencies.
It has been established that within the ranges of 51.62-51.84 GHz and 41 .25-41.50 GHz the

frequency dependence of the observed effect has a resonance nature with a resonance half-
width of the order of 100 MHz. The power dependence of the microwave effect within the
range of 0.1—-200 pWicm?® has shown that a power density of 1 pW/cm? is sufficient to suppress

radiation-induced repair of the genome conforma

tional state. The effect of microwave sup-

pression of repair is well reproduced and does not depend on the sequence of cell exposure to
X-rays and microwave radiation in the millimeter band. The results obtained indicate the role

of the ceil genome in the resonant interaction of ce

Introduction

At present a significant body of evidence has
been collected on the ability of microwaves in the
millimeter range to bring about biological effects
including those on the cellular level [1. 2). It has
been found that microwaves can influence the
processes of gene expression (3—5]. The specific
features of such interaction are dependence on fre-
quency and also effectiveness of low intensity
microwave radiation which does not result in sig-
nificant heating of the irradiated object. One of the
possible explanations of these facts accounts for
the influence of millimeter waves on the genome
conformational state [6]. The genome conforma-
tional state (GCS) is expressed as the space-topo-
logical organization of the entire chromosomal
DNA. which is ensured. among other things. by
the supercoiling of DNA and DNA protein bonds.
The GCS changes play a significant role in all ele-
mentary genetic processes — transcription, replica-
tion. repair.

The hypothesis which accounts for the influence
of millimeter radiation most evident in the case of
stressed systems [1. 7] among them bioobjects sub-

Reprint requests to 1. Ya. Belyaev. Moscow Engineering
Physics Institute. Kashirskoye sh.. 31. Moscow, 115409.
C.1.S.

Verlag der Zeitschrift fiir Naturforschung.
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11s with low intensity millimeter waves.

jected to ionizing radiation [6] has repeatedly been
verified. ’

The influence o: millimeter waves on the process
of the GCS repair after E. coli K12 cell exposure
to X-rays was examined in this work. As a test for
appearance and repair of changes in a chromoso-
mal DNA we used the method of the anomalous
viscosity time dependencies (AVTD) in cell lysates

(61.

Materials and Methods
Microwave und X-ray irradiation

A block diagram of the experimental unit used
for microwave irradiation of cell suspension is
given in Fig. 1. A G 4-141 generator served as the
source of extremely high frequency electromagnet-
ic radiation (EHF EMR). In the course of irradia-

4 5 7 9

| mm—

8

1 2 3 6 \
S {7 M

Fig. . Block diagram for microwave irradiation of cell
suspension: | — EHF EMR generator: 2 — controlled at-
tenuator: 3. 6 — directional coupler; 4 — frequency ana-
lyzer: 5 — measurement fine (VSWR-meter); 7 — power

meter: 8 — pyramidal horn: 9 ~ cell suspension.
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tion the frequency. the output power. as well as the
voltage standing wave ratio (VSWR) were con-
trollable. Frequency instability was 1 MHz, error
in the measurement of the output power did not
exceed 10% and the value of VSWR in the wave-
guide was not more than 1.6. Irradiation of a cell
suspension (1.5 mm thickness) was carried out in
Petri dishes, 50 mm in diameter. by means of a
pvramidal horn having dimensions 40 x 50 mm?-.

The space distribution of the power density
(PD) on the surface of the suspension was meas-
ured by means of a dipole EHF probe [8]. With the
irradiation frequencies used the local PD values at
the surface of the suspension differed by nearly an
order of magnitude. But frequency changes of
+ 200 MHz did not lead to significant changes of
the pattern of PD distribution. At the same time
frequency changes in a wide range (of the order of
units GHz) could lead to a marked displacement
of PD minima and maxima up to their inversion.
In the event of parity of output power in the wave-
guide. the PD value. averaged over the whole sur-
face under irradiation, did not change.

The specific absorption rate (SAR) was meas-
ured in two ways: by the acoustic method [9] and
the calorimetric method. The suspension tempera-
ture was measured by a microthermocouple.

Cells were subjected to X-rays (XR) using a ra-
diological unit RUP-150. The distance from the
focus to the suspension was 40 cm, average radia-
tion energy — S50 keV, dose rate 0.7 Gy/min.
Microwave and X-irradiation of cells was carried
out at ambient temperature.

Preparation of bacterial cells for experiments and
cell lysis

The following strains were used in the work:
E.coli XK12: AB1157 F~ thr-l ara-14 leu-B6
proA2 lacGI tsx-33 supE44 galK2 hisG 4 rfbDI
mgl-51 rpsL31 xyl-5 mtl-1 argE3 thi-I A7rac™;
G62 F* proA23 lac-28 trp-30 his-51 rpsLR and
also strain RM 117 which is isogenic with strain
AB1157. Cells were cultivated by standard meth-
ods in Luria broth or minimal medium M-9 [10].
The E. coli cultures used in the experiments were
kept in spreadings on the Hottinger nutrient agar
at3-4°C.

Before irradiation. cells from the night culture
were resuspended in concentrations of 3 + 9 X 107

cells/ml in a salt buffer M-9. Cells were kept under
these conditions for 1 h before irradiation.

After irradiation, cells were lysated by gradually
adding LET-lysozyme (LET-medium: 0.5 M
Na, EDTA, 0.01 M Tris-HC], pH 7) in a concen-
tration of 3 mg/ml. LET-sarcosyl (2%) and LET-

_papain (3 mg/ml) with 10 to 15 min intervals be-

tween addition of each agent. 0.3 ml LET-lyso-
zyme. 1.0 mi LET-sarcosyl, 0.7 ml LET-papain
were added to 1l of cell suspension. The lysates
were then kept in darkness at a temperature of
30 -C for 40 h, after that the AVTD were meas-
ured.

Method of anomalous viscosity time dependencies

This method is based on the fact that in sotu-
tions of high-polymer DNA. placed in a rotary
viscosimeter. radial migration of DNA., which is a
directed movement of macromolecules towards
the inner cylinder of the viscosimeter (rotor). is
observed [11].

Measurements were carried out in a rotary cy-
lindrical viscosimeter with an automatic record of
the rotor's rotation period (6]. In the unit used, the
rotor was set in motion by 2 constant moment of
force created by an external electromagnetic field.

Upon completion of the lysis the rotor was sus-
pended on the meniscus of the lysate examined.
Thereafter the lysate was placed in a thermostati-
cally controlled (30 *C) jacket of the viscosimeter
for measurement.

When the external electromagnetic field is
switched on. the rotor starts moving. In the initial
stage of measuring the rotor’s rotation period (T).
the lysate viscosity increases due to a radial migra-
tion of macromolecules. This results in an in-
creased rotation period of the rotor since the peri-
od is proportional to the specific viscosity (Fig. 2,
curve 1). After the DNA macromolecules had de-
posited on the external surface of the rotor the ve-
locity of its rotation decreased to the value typical
of a pure solvent. The dependence of the rotor’s
rotation period in the cell lysate on the time after
the rotor’s rotation starts (t) is called anomalous
viscosity time dependence.

It should be noted here that AVTD cannot be
observed in protein solutions. because radial mi-
gration doesn’t take place in solutions of mole-
cules with weights less than 10 D [11]. The param-
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eters of the AVTD curve in the cell lysate are de-
termined by the genome conformational state, i.e.
by hydrodynamic parameters of chromosomal
DNA macromolecules which in their turn depend
on the DNA nativity, DNA association with var-
ious proteins, the microenvironment, efc. The ro-
tor's maximum rotation period (Tax) which in this
method is the most sensitive parameter character-
izing the genome conformational state of E. coli
cells, was obtained from the AVTD curve. The
measurement error of the rotor’s rotation period
was 2%.

Results

Irradiation of E. coli cells with doses of 10-50
Gy leads to changes of the AVTD curve of the cell
lysate (Fig. 2, curve 2). The major cause of these
changes is the considerable decrease of Tpaxe After
post-irradiated cell incubation for 90— 120 min,
depending on the dose of irradiation. an almost
complete recovery of the AVTD curve (Fig. 2.
curve 3) took place. This means that during this
period the GCS of the irradiated cells returned to
the control level. It is in this sense that we use the
term “repair” of the genome conformational state.

In preliminary experiments the X-irradiated
cells were exposed to microwaves in the regime of
frequency switching. This was brought about with-
in the range of about 200 MHz during 30-90 min.
Fig. 2 {curve 4) shows the AVTD curve after cell

T(s)

0 100 200 300 400

t(s]
Fig. 2. Anomalous viscosity time dependencies of E. coli
G 62 cell lysates: 1 — control: 2 — Y-irradiation (30 Gy).

3 — XR and incubation (90 min): 4 - XR and incuba-
tion under the influence of EHF EMR.

irradiation within the frequency band of 51.60—
51.78 GHzatPD =3 mW/cm? for 90 min.

It can be seen that microwaves in this range ef-
fectively suppress repair of the GCS. To assess the
microwave effect on the repair process after
X-irradiation, we used the following ratio:

Tmax KR -1 Tmux eff

=—____—-——_—_——_

Toax xR +17 T ax XR

where:

Tux xr — the average maximum rotor’s rotation
period in the lysates of cells lysated immediately
after X-irradiation;

Toax XR + 17 the average maximum rotor’s rota-
tion period in the lysates of cells lysated after
X-i_l_'radiation and subsequent incubation (I):

T o o — the average maximum rotor’s rotation
period in the lysates of cells subjected to EHF
EMR during the radiation-induced repair. In two
effective microwave ranges the x dependencies on
frequency were determined.

In these experiments. cells were irradiated with
microwaves of a certain frequency for 5 to 15 min
after X-irradiation. To assess the average \:_alue of
the rotor's maximum rotation period (T, 1D
each of the experiments 3 AVTD measurements
were made. Significance level was determined by
the Student’s t-test. The extent and results of u
standard experiment are given in Table I.

Fig. 3 and Fig. 4 present the » dependence in
the ranges examined: 51.62-51.84 GHz (strain

0
616 5164 5168 5172 5176 518 51.84
§{GHz

Fig. 3. Frequency dependence of EHF EMR effect on
radiation-induced repair of the GCS of E. coli RM 117
cells (20 Gy: 15 min. 3 mWcm?).
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Table 1. Values of the maximum rotor’s rotation period derived from AVTD
curves obtained in lysates of E. coli AB1157 cells, lysated after X-irradiation

(20 Gy). subsequent incubation or irradiation with EHF EMR (200 pW/cm?) in

the course of incubation.

Typeof EMR Durationof  Trnax T ., tSE*  Significance
effect frequency EHF EMR [S] [S] level as
[GHz] irradiation compared
[min] with XR +1
51.1
Control - - 35.1 448348 p<0.03
47.8
7.4 -
XR - - 7.2 7.0£0.3 p<0.000}
6.5
28.1
XR+1 - - 247  262x10 -~
25.7
14.0
41.25 10 12.3 12.8£0.6 p<0.0004
12.1
7.2
41.30 10 6.4 6.9=0.3 p < 0.0001
XR 7.2
. 8.9
41.35 10 10.1 9.7+0.4 p<0.0002
EMR 10.1
9.7
+ 41.40 10 11.2 11.0£0.7 p<0.0004
12.2
I 16.2
41.45 10 17.3 16.7%£0.3 p<0.00]
16.6
15.2
41.50 10 o 16.2 15.6+0.3 p < 0.0006
15.6

* Standard error.

» 08

0.6

llll-'ll-ll-q

o
>

)

L |.........1.W
412 #4125 43 4135 414 4145 41.5

{{GHz]
Fig. 4. Frequency dependence of EHF EMR effect on
radiation-induced repair of the genome conformational
state of E.coli AB1157 cells (20 Gy; 200 pW/cmz.
10 min).

RM117) and 41.25—41.50 GHz (strain AB1157).
It is clear that in both ranges this dependence has a
resonance nature with a resonance half-width of
the order of 100 MHz and resonance frequencies
of 51.76 GHz and 41.32 GHz respectively. In the
first instance the cell exposure to EHF EMR was
carried out at PD=3 mW/cm?. The SAR value,
estimated by acoustic and calorimetric methods,
amounted to 17 mW)/g and 22 mW/g respectively.
Heating of the cell suspension, when irradiated,
did not exceed 1 °C. Thex dependence on frequen-
cy within the range of 41.25—41.50 GHz was stud-
ied at PD =200 pW/cm? with heating not exceed-
ing 0.1 °C. It should be noted that heating of acell
suspension by 5°C for 10min right after the
X-irradiation did not jead to suppression of repair

A
pproved For Release 2000/08/08 : CIA-RDP96-00789R003100280001-7

P

Appro ' ‘ o
PP ,__V?,g,.f .°l'.Release-.2000108108/~:'CIA'-RDP96-0678'9§003100250001 7

-

v ————

Lo

s




5
z

Approved For Release 2000/08/08 :

CIA- -
L. Y. Belyaev et al. - Resonance Effect of Microwaves on the GﬁPmF:%nQQZfﬁi%BDﬂ&d 002300047 625

1.2; ' ' ' ' ?

s ;

™

08} .
w 061 .

04f ' ]

02} / .
of; . . I

001 01 1 0 100 1000
PD W/ cm?]

Fig. 5. Dependence of suppression effectiveness of radia-

tion-induced GCS repair on microwave PD (strain
AB1157,20 Gy; 41.32 GHz, 5 min).

processes. We also studied the dependence of sup-
pression of radiation-induced GCS repair on PD
of the microwave exposure at the 41.32 GHz fre-
quency. The power dependence of » is shown in
Fig. 5. Starting with a PD of 1 pW/cm?, irradiation
for 5 min significantly suppressed GCS repair.

As pointed out above, Fig. 3 shows a frequency
dependence within the 51.62—51.84 GHz range for
RM 117 strain. But this microwave irradiation was
effective in repair suppression for the other strains
used: AB1157 and G62. Altogether 11 experi-
ments were carried out, each revealing statistically
significant suppression of repair processes by
microwaves at frequencies of this resonance.

An EHF EMR effect on the genome conforma-
tional state was also discovered in the case of in-
verse sequence of cell exposure to microwaves and
X-rays. Irradiation of cells with EHF EMR at the
51.78 GHz frequency (that is close to that of reso-
nance) before X-irradiation prevented the process
of radiation-induced repair (Table I).

Table II. Values of the maximum rotor’s rotation peri-
od in cell lysates after a combincd effect EHF EMR

(3 mW/cm?, 51.78 GHz. 30 min) and XR (30 Gy) on
E. coli RM 117 cells.

Type of T £ SE Significance level

effect (S] as compared with
XR +1

Control 17.1£09 p<0.04

XR 6.90.1 p<0.02

XR +1 12.5+1.4 -

EMR + XR + 1 7.2+£02 p<0.003

Discussion

It is generally accepted that biological mem-
branes are receptors of chemical and electromag-
netic signals. Can this premise alone explain those
resonance bioeffects which can be seen when cells
dre subjected to low-intensity millimeter radiation?
This resultant effect can change such important
biological parameters as velocity of cell division
[1, 2] or processes of gene expression [3, 5]. It
would seem that the simplest answer to the ques-
tion of the target of microwave resonance effect is
that the target is the cell membrane whose proper-
ties determine frequencies of resonant interaction.
Indeed, in a number of model studies microwave
effects were detected that had been caused by 2
change in the ion membrane transport [13-15).

_ But the microwave “membrane” effects examined
did not depend on the EMR frequency and there-
fore do not permit explanation of the resonance ef-
fect on the processes of cell development and gene
expression. It appeared to us that a promising €x-
planation of these observations could be supplied
by the notion of the role of the genome conforma-
tional state in forming cell’s resonance response to
the millimeter wave exposure. In other words, we
assumed that parameters of the GCS, i.e. space-to-
pological organization of chromosomal DNA, de-
termine resonance frequencies. In such an event
the GCS would be sensitive to the effect of milli-
meter waves of certain frequencies.

In order to provide support for this supposition
we used the method of anomalous viscosity time
dependencies in cell lysates, which has a high sensi-
tivity to the GCS change [6]. Changes in the
AVTD can be detected even with an X-ray dose of
10 cGy when less than one single-strand DNA
break is induced per E. coli genome. This result al-
ready made it possible to assume that the AVTD
method is sensitive not only to damages of the sug-
ar-phosphate bonds of the DNA secondary struc-
ture. The AVTD sensitivity to other changes of the
genome conformation, particularly those caused
by DNA-protein bonds, was confirmed by the ex-
periments we carried out [16]. The results obtained
in the course of our work indicate that repair of
the genome conformational state of bacterial cells
after ionizing irradiation is highly sensitive to the
resonance effect of millimeter waves.

The microwave effect discovered cannot be ex-
plained by trivial heating. This was borne out by
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many of the results obtained. First, there were and functional integrity of chromosome DNA [18.
effective PD of about 1 uW/cmz, while SAR 19} Then changes in the GCS registered by the
amounted to 10 puW/g is not enough for a notice- AVTD method will be defined by the influence of
able heating of the irradiated suspension OVer EHF EMR on the function of these proteins. By
5—15 min. Second, heating of the cell suspension affecting the GCS through the processes of molec-
by 5 °C for 10 min during the postradiative incu- ular interaction the microwaves may give rise 10
bation has no influence ont the restoration. Finally, changes of DNA secondary structure, changes in
the PD averaged over the irradiated surface did elementary genetic processes: transcription. repli-
not depend on the frequency within the limits of cation, repair and recombination. Consequently, it
the observed resonances (+ 200 MHz). is possible to record the final biological effect at ;

There is hardly any doubt that destabilization of the cell jevel: modification of gene expression p
repair and probably other protein complexes with downto derepression of operons [2— 5], changes in ;
DNA is the central event of the molecular-biologi- the velocity of DNA synthesis and in cell division
cal mechanism preventing the GCS repair. Sur- (1,17}
prisingly, this effect may be obtained even if cells It is worth noting that cells of all the E. coli
are subjected to EMR with resonance frequency strains used (AB1157, RM 117, G62) were sensi-
before X-irradiation. This result means that a cell, tive to EMR of the 51.62—51.84 GHz frequency
irrespective of whether or not it was X-irradiated. band. The first two of these strains are isogenic by
retains the microwave resonance effect for a cer- known markers. As to the third strain, it differs
tain period. It is especially jmportant to Stress that from the previous ones by a number of markers.
this memory is realized at the level of the genome For instance, G 62 cells have no mutations in the
conformational state. This inference is supported  gene of acetylornithine deacetylase or other genes
by the fact that after a 5— 10 min EMR effect on  whose products take part in the biosynthesis of ar-
X-irradiated cells, the prevention of GCS repair ginine and therefore are not auxotrophic on this
persists for at least an hour and a half of the subse- amino acid. It is possible that structural genes
quent incubation whose mutations determine differences in the

The discovered frequency dependence of the strains used have no relationship with a mecha-

effect, especially the half-width of resonances nism of resonance interaction. Butit appears likely
(100 MHz), is similar in character to that which  to us that resonance frequencies are determined by
had been obtained when studying the gene expres- regulatory nucleotide sequences and their mutual
sion of repressed A-prophage operon in lysogenic position within cellular DNA.
E. coli cells 3, 5]. In our view, this coincidence is The results obtained in this work are in accord-
one more argument in favour of the supposition of ance with the physical models predicting the exist-
the role of the genome conformational state in the encein living systems of discrete resonance states
resonance response of bacterial cells to 2 millime- corresponding to the millimeter band of an elec-
ter wave effect. tromagnetic field [18, 19}

In general, a chain of events seems to be in- A further experimental confirmation of the gen-
volved in this interaction. At the first stage, Micro- ome’s role in giving rise to these discrete states and
waves interact with cell membranes. It is likely that the existence of selection rules on helicity for tran-
the signal in the membrane intensifies and is re- sitions between them will be made publicata later
ceived in the DNA through the point (points) date.
where DNA is attached to the membrane. We be-
lieve that there are€ parameters of DNA or its se-
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FREQUENCY RANGE OF THE AUDITORY
EFFECT OF U.H.F.*

R. E. TIGRANYAN and V. V. SHOROKHOV
o ATURANIAN
Institute of Biological Physics, U.S.S.R. Academy of Sciences, Pushchino (Moscow Region)

(Received 5 Augus: 1986)

The zero beats of radiosound of an acoustic signal from an electrodynamic emitter over the

frequency range to 8 kHz have been recorded for the first time in a natural experiment. It is

shown that the zero beats between the acoustic tonal signal and the first harmonic of the pulse

sequence of u.h.f, are fixed most clearly at the points corresponding to low threshold values
in the threshold curve of the w.h.f, auditory effect.

IN[1] concerned with determination of the boundaries of the frequency range of radie

sound perceived by humans it was shown that it is limited downwards by the value 8kH:

and upwards by the intrinsic high-frequency boundary of hearing (h.f:b:h.) of th
subjects, However, our findings [3, 4] obtained in various physical models pointed
the possibility, in principle, of human perception of the whole sound range and no
a part of it. In particular, this followed from experiments on a two-contour resonam:
model based on the most fundamental principles known trom the theory. of hearinf
The proposed two-contour model fully reflects the mechanisms of hearing am
in line with the existing analogues of these mechanisms, isolates the first harmonic ‘“'
sent in the signal without conflicting with the physiological and neurophysiologi®
data. Thus, the absence of residual sound [2] in the- preresonance region in the natu?
experiment [1] may be explained by the following factors.
I. Insufficient attention of the subjects during the experiment to establish the P
sence of beats at low frequencies.
2. The high level of noise (~40 dB above the hearing threshold) in a room where 1%
natural experiment was run.
3. The low amplitude of the frequency of the beats at the mean level at low repet”
tion frequencies of the w.h.f, pulses. .
4. The insufficient power of the w.h.f. pulse taking into account the fact that with ¥
in the repetition frequency of the w.h.f, pulses the threshold rises,

* Biofizika 33; No, 2, 349-350, 1988,
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gince rise in power in the pulse is not without danger we carried out the experiment
o detect the beats in the preresonance region (1-7 kHz) in conditions of a substantially
wer noise level (~20 dB). Irradiation was at a carrier frequency of 800 MHz using a

:on of the head was irradiated as in the previous experiments. The duration of the
Ghf. pulses chosen was up to 25 psec. The tonal signal was delivered to the subject
srough earphones of a GS-100I generator. The repetition frequency of the pulses
ond the frequency of the tonal acoustic signal varied from 1 to 7 kHz, both these para-
rers being controlled with a ChZ-34 frequency meter.

At a repetition frequencies of the pulses of 1-3 kHz the sound was perceived only
by ofe subject. Starting from 3 kHz the sensation of sound became more intense. With
nyther increase in the repetition frequency of the w.h.f. puises the sound was confi-
sently perceived over the whole range by M The presence of beats with

me

Jhere perception in the opinion of the subjects was most distinct. For the first subject
Jese frequences were 3-58, 4-21, 5-23 and 6-99 kHz, for the second 401, 533 and 6-99
\Hz and for the third 3-80, 4:74 and 4-97 kHz. At these frequencies all subjects clearly
recorded zero beats in a tonal acoustic signal.
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DISTRIBUTION OF THE HEAVY CARBON ISOTOPE
(*3C) IN BIOLOGICAL SYSTEMS*

Ya. M. VARSHAVSKII
Institute of Molecular Biology, U.S.8.R. Academy of Sciences, Moscow
(Received 8 July 1986)
The question of the reasons for the fractionation of the '3C carbon isotope in biological sys-

tems is considered. Analysis of the existing experimental data and also theoretical considera-
lions indicate that the differences observed in the isotope composition of the carbon of biomo-

* Biofizika 33; No. 2, 351-355, 1988.
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AUDITORY EFFECTS OF PULSED uhf ELECTROMAGNETIC FIELDS.
ANALYTICAL Rl_iIVlEW

V. V. SeorokaOV and R. E. TIGRANYAN

Institute of Biological Physics, Pushchino (Moscow Region)
(Received 20 May 1988)"

srupy of the auditory effects of u.h.f. pulsed electromagnetic fields (radiosound) is a special very
pATTOW field of electromagnetobiology. Radiosound is of interest as factually the only objectively
recorded and steadily repeatablo effect of an electromagnetic field (e.m.f.). Therefore, study of it is
desirable at least for the sake of elucidating the mechanisms of biological action of the e.m.f. in gene-
ral, although the phenomenon is of interest in its own right and as a possible public health criterion.
The advent of subjective auditory sensations is not a specific reaction of the body but the result of the'
transformation of clectromagnetic to mechanical energy in the tissues of the head. Most investiga-
1ors agree on this although 2 single established view of the specific mechanism of the formation of the
auditory image has still not taken shape. The review includes over 100 publications known to the
suthors starting from the very first in 1956; they aro grouped into four sections within which chrono-
logical order is observed: 1) psychophysical experiments on humans; 2) behavioural reactions of ani-
mals; 3) electrophysiological and other phenomenological investigations; and 4) model investigations
and possible mechanisms. This is the first time such a review has featured in the Soviet literature.

Paper deposited in full in VINITI as No. 7777-V88.
Dep. 1 November 1988.

MICROSLIT wh.f. EMITTER FOR BIOLOGICAL OBJECTS

S. V. KoLTun and R. E. TIGRANYAN
Institute of Biological Physics, U.S.S.R. Academy of Sciences, Pushchino (Moscow Region)
(Received 25 December 1987)

A mIcrosuT whf. emitter has been designed for investigating the functional state of biological
objects with a volume to 50 ul on exposure to w.h.f. o.m.i. with synchronous visual observation with
an optical microscope. The structure of the field of the emitter and the main characteristics of the
exposure of the object to e.m.i. are considered. The constructive dimensions of the emitter and the
dielectric propertics of the support are determined by the frequency of the carrier vibration, the wave
impedance of the conducting cable and the characteristics of the object studied. The possibility of
linking the emitter to the MBI-15 and MBI-3 microscopes is demonstrated. An effective apparatus of &
microemitter is produced, the main energy characteristics recorded on irradiation of the model of the
biological object and the safety zone for the investigator defined.

The emitter was tried out on microorganisms of the Tetrahymena species (Tetrahymena pyri-
formis) in continuous and pulsed regimes at the carrier frequency of 915 MHz.

Paper deposited in full in VINITI as No. 7772-V88.
Dep. 1 November 1988,
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to microwave irradiation is explained by the difference in theit properties correlating with cell size.
Fall in excitability of the high threshold motoneurones results from change in the conductivity of
their membrane on exposure to microwave heating. Rise in excitability of the low-threshold moto-

neurones is apparently linked with activation of the presynaptic excitatory inputs under the influence
of microwaves,

Paper deposited in full in VINITI as No. 1442-V89.
Dep. 2 March 1989,

SPECTRAL ANALYSIS OF A SPHERICAL MODEL OF RADIOSOUND

R. E. TIGRANYAN and V. V. SHOROKHOV

Institute of Biological Physics,
U.S.S.R. Academy of Sciences, Pushchino (Moscow Region)

(Received 8 September 1988)

A SPECTRAL analysis has been made of the mechanical oscillations excited in spherical liquid models
of radiosound by u.h.f. pulses. It is shown that the fundamental resonance trequency is determined
by the relation ¢/2a where ¢ is the velocity of sound in a liquid and 4 is the radius of the sphere.
The presence of ap aperture in the sphere leads to the appearance of frequency components corre-
sponding to a Helmholtz resonator and a four-wave resonator. It is assumed that these components
must be absent in the prototype. It is concluded that the low quality factor spherical model satis-
factorily reproduces certain essential features of the effect of radiosound.

Paper deposited in fuil in VINITI as No. 1444-V89,
Dep. 2 March 1989,
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POSSIBLE MECHANISM OF THE SPECIFIC ACTION OF
PULSED U.H.F. FIELDS*

R. E. TIGRANYAN

Institute of Biological Physics, U.S.S.R. Academy of Sciences, Pushchino (Moscow Region) ; - represer
cantaini
(Received 29 May 1986, after revision 20 January 1987) % apring: 6. b

The conditions of excitation of mechanical vibrations by u.h.f. pulses in mode! liquids have
been studied experimentally. The possible role of the different types of excited elastic waves -
in the formation of specific effects of pulsed u.h.f. fields is reviewed. The biological significanc® T ' F-!!Lf of
of the excited shear vibrations by u.h.f. pulses is demonstrated. From the results 2 hyP?: .. gaerve conc
thesis is suggested on the acoustic nature of the mechanism of the specific effects of pu 1 -?he local
u.h.f. fields as a result of generation in biological objects of shear waves by u.h.f. pulses : e %

THE identification of the mechanism of the biological action of pulsed electromaﬂs : p , o quite i
fi:lds (e.m.f.) of ultrahigh frequency (u.h.f.) is becoming exceptionally important ‘ .

the wide adoption of pulsed w.h.f. instruments and systents with the most varied ™ . .  energy

tions. Enormous factual material has been gathered and different hypotheses & change:
mechanism of action proposed. - B ¥ibications.
Many eff:cts called non-thermal (specific) have still not been properly exP . . connex;
Such eff:cts include disturbances associated with the functioning of excitzbl: s ‘“‘“‘: o e action
that are quite inexplicable from the standpoint of the quantity of absorped €2 S 22 tums «
SBonchusi

* Biofizika 33: No. 4, 698-702, 1988.
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quite intense mechanical vibrations must be excited capable of actively influencing the
functional state of the objzct. Yet the calculated pressure values of the mechanical vibra-
tions presented in [9, 19] are lower by 4-5 orders (by 8-10 orders in intensity) than those
capable of leading to functional or pathological disturbances. To clarify the question
we ran a serics of experiments on mod:l systems—liquids of organic and i iporganic
origin and biological objzcts (the intact brain of the rat, a preparation of the frog tibial
nerve and an erythrocyte suspension.

The block diagram includes a w.h.f. generator with a pulse power of 70 W at a carrier
frequency of 800 MHz, a rectangular waveguide in the running wave regime, a piezo-
ceramic mechanical vibration detector, a linear amplifier and a S1-54 oscillograph.
The obj:cts were irradiated in a tubz positioned in the diametral plane of the waveguide,
Figure 1 presents the design of the node of fixation of the tube and recording of the
mechanical vibrations excited in a liquid. The power flux density in the pulse in the wave-
guide was 2 W/cm?2. The height of the iiquid column in the tube was varied from 30 to
50 mm. The test of whether these vibrations actually originated from the test liquid was
the velocity of sound in a given liquid determined from the relation [20]

c=4if
or

C=4l/ndz,

where /is the height of the liquid column, cm; fis the frequency of the excited mechanical
vibrations, sec~!; 4z is the time marking of the sweep of the oscillogragh, sec; n is the
number of markings per period. The liquid column is regarded as a four-wave acoustic
resonator. The duration of the pulses in the experiments ranged between 10-3 and 10™*
sec and the repetition frequency was 10-104 Hz. Figure 2 presents an oscillogram of the
mechanical vibrations excited in ethanol. With change in the duration of the u.h.f. puls¢
periodic changes (maxima and minima) in the amplitude of the excited mechanica!
vibrations were observed. The amplitude of the resulting vibration is determined by tbe
relation

'system studie:
‘ a contour of ir

: .4 [A’+A.’+2A A‘ cos(n;l- 2”1)]*
P =1 4g 2 143 ?‘s s

where A= Age™™; Ay = dge *¢~™ are the amplitudes of the dying oscillations excited b
the leading and trailing edges of the thermal pulse. Thus the fronts of the thermal pulsé
may be regarded as two independent sources of mechanical vibrations. Suchi an appro8
to the effzct observed is also supported by the fact that with change in the duration of
wide w.h.f. pulse (for a duration of the u.h.f. pulse equal to several periods of the exﬁ
mechanical vibrations) the amplitude of the mechanical vibrations excited by the 163
edge remains unchangzd and only that of the mechanical vibrations excited by the t

edge of the thermal pulse changes. With change in the duration of the u.h.f, pulses
only does the amplitude of the vibrations change but, also the character of the_ o
process—at 1, =(2n-1)772 the process of generation of the mechanical vibratioss

continuous if the repetitior frequency of the wh.f. pulses is close to the resonance
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of the object or waning: at 7,=nT it degenerates i{:to packgts of mechan.ical

sbrations following at the frequency of the w.h.f. pulses (T is the period of the eguflt'ed
" hanical vibrations). The pressure amplitude may be evaluated from the sensitivity
:tche detector equal to 10~ V-dyne~*-cm?. For ethyl alcohol this vzflue was ~0-3.N/c?n’
foran amplitude of the signal on the detector of 20~30 mV. From this one fnay determine
(he intensity of the excited mechanical vibrations using the known relation

I, W/jcm?=p*[2pc.
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Substituting the values presented we get J=3x 104 W/cm2. For1M NaCl solutign we
obtained respectively 0-1 N/cm? and 10~* W/cm?. The values of the pressures and inten-
sities of the excited mechanical vibrations obtained correspond to the resonance 9f the
models used. At frequencies of wh.f. pulses not equal to' the resonance frequencies or
their subharmonics the amplitude of the electric signal of the detector ‘falls 50-100 fold.

Thus the system studied when exposed to a pulse of electromagnetic energy must be
regarded as a contour of impact excitation in which on exposure to an .extc::mal pen}u-
pation free vibrations appear with a frequency close to that of resonance i.e.1n eyah_latmg
pressure and intensity the quality factor of the system mu.§t be heeded. In pure liquids as
is known only longitudinal mechanical vibrations are excxted.. In'heterogencous systems,
for which the shear modulus G#0 on excitation of the longitudinal waves, shear yaves
are also excited. Consequently, in a real biological object a shear component with a
frequency equal to that of the longitudinal wave will also be present. .

If we start from the known findings that the velocity of the shear wave s less by 2-3
orders than that of the longitudinal wave and attenuation is 10° times greater.[Zl! then
for the frequency range of the excitable mechanical vibration's ~ 10* Hz (which is ob-
served in many experiments) the intensity of the shear vibrations may be evaluated as
follows. For an intensity of the longitudinal waves ~10-¢ W/cm? in the abser.xce of
resonance the intensity of the shear vibrations is 1 per cent, i.e. 10~ W/cm?. In view of
the heavy attenuation, the energy of the shear waves is expended on the run of 2-3

- : =10-2
point sources of such waves then in a sphere of 3x 10~ ¢m radius surface area §=19Q

wavelengths, i.e. at adistance ~ 300 um. If the heterogeneities of the objsct are regarded as.
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c¢m? and volume ¥V'=10"*cm3, the density of the energy will be 10~2 W/cm?. It may be ; fepetition frequenc
assumed that the maximum action of the shear waves will occur at the boundary of the i .le heating and q

lipid membranes in view of the considerable difference in the diclectric constants of
the membrane ard ambient medium leading to increase in the local energy of the whi,
e.m.f. by three orders. In this case the energy density of the shear waves will reach 10

‘values of the amp
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100~ Irradiation
—_{

Fie. 3 Fic. 4

Fic. 3, Relative changes in the speed of conduction of the wave of excitation (7) and the amplitude

of the action potential (a.p.) (2) of the nerve preparation on synchronization of u.h.f. irradiation : _ ]

with the latent period. J” and 2°— Results of control measurements with change in the speed of coo ) s '-D- and TUCE
duction of the wave of excitation and amplitude of the action potential. T ) :

F1a. 4, Change in the speed of conduction of the wave of excitation (/) and the amplitude of the 8¢

tion potential (2) of the nerve preparation on thermal heating.

W/cm3. Thus, even in the case of non-resonance excitation of the mechanical vibré*

tions the energy density of the shear waves is blologlcally significant and far exceeds SN : ';‘:m‘:(
the threshold values. - 5 ) WNCAP. et ai

Comparison of the results on the non-thermal eﬂ'ects of wh. pulsed e.m.f. on e E bstracts UBIQC
table structures with data on the effects of ultrasound showed the single direction o AR K¢ E., Hyp

the effect record.d. Thus, on exposure of the frog nerve preparation to u.h.f. pulses
lasting 3-5 msec with a repetition frequency of 17-23 Hz the speed of conduction
the excitation wave and the amplitude of the action potential (3.p.) decrease (Fig-
on total heating of the preparation by not more than 1 K, the shifts of the paramc.“"
studied being observed on synchronization of the w.h.f. pulse with a latent pefl
With a shift of the wh.f. pulse in time relative to the latent period the effects disappea(~ 3
the values of the recordsd parameters concur with those for the control objects [22]-
Thus, for equality of the u.h.f. energy supplied in the two case the effect is o b
only on synchronization of the w.h.f. pulse with the active state of the pl’ﬂ‘Pﬂ"a o i3
A qualitatively similar picture is seen for preparations of the isolated frog heart
innervated muscle [2, 3]. H:ating these preparations ought to lead to the known ¢
site results [23] (Fig. 4). It is significant that for all the preparations indicated i
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Tthc repetition frequency, i.e. increase in the density of the power flux, led to their
ciable heating and qualitative agreement of the effect with those observed on ther-
“ ol heating. e Vil R , ‘

The values of the amplitudes of the pressures and int
ical vibrations obtained and also the evaluation of the
he shear waves allow one to draw a conclusion on the biojog;
ser on their excitation by w.h.f, pulses,

ensities of the excited mechan-
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pHYSICAL MODELLING OF THE ACOUSTIC EFFECTS ON
XPOSURE OF BIOLOGICAL SYSTEMS TO U.H.F. FIELDS*

R. E. TiGRANYAN and V. V. SHOROKHOV
Institute of Biological Physics, U.S.S.R. Academy of Sciences, Pushchino (Moscow Region)

(Received 5 March 1984)

A physical model of radiosound is proposed based on the phenomenon of excitation of
mechanical vibrations in liquid medis on absorption of the energy of u.h.f. pulses. It is
shown that a restricted volume of liquid may be regarded as an acoustic resonator with a na-
wral frequency of vibrations. Interference occurs for certain ratios between the period of suc-
cession and the duration of the pulses. Oscillograms of the mechanical vibrations recorded
are presented. An explanation of the low frequency type of radiosound is offered. It is con-
cluded that the proposed method of investigating the phenomenon of radiosound is correct.

Work on the effect of radiosound [I-5] has reliably confirmed the appearance of sub-
wctive sound sensations on irradiation of the human head with a pulse-modulated
whf. field. Nevertheless, there is still no conclusively formed idea of the mechanisms
of origin of such sensations. The socalled thermo-elastic hypothesis of the mechanism
of radiosound proposed by Lin [6] is the best researched and most consistent. Its es-
wnce is to assume that absorption of the energy of the w.h.f. field occurs not uniformly
over the whole volume of the brain but is concentrated in its very narrow regions
{“hot spots”) with their subsequent rapid thermal expansion and detection on the
skull bones. Thanks to the presence of bone conductivity the mechanical vibrations
reach the organs of hearing where the sound image also forms. But since the author
of this hypothesis regards the head as an acoustic resonator he derives a number of
wonsequences consistent with some experiments on radiosound. However, this theory
<annot exf;lain a large body of experimental evidence and is in conflict with some of
. Therefore, it may be desirable in o1der to define certain aspects of this phenomenon
‘o stage experiments on mcdels which would exclude a subjective evaluation by the
‘ubject of a particular characteristic of the effect. Foster and Finch observed excitation
M a cubic vessel with a side of 300 mm filled with 0-15 M KCl solution of mechanical
vibrations on exposure to a pulsed u.h.f. field [7]. This phenomenon was taken as the
basis of our experiments.

* Biofizika 30: No. 5, 894-899, 1985,
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In choosing the conditions of the experiments the authors sought to follow the
parameters and characteristics of the ubjects known from the literature on the pheno-
menon of radiosound and also the conditions of earlier experiments.

As objects we used 1 M NaCl solution and ethyl alcohol poured into tubes with an
internal diameter 7 mm and height 100 mm. The height of the column of liquid changed
within the limits 30-350 mm. The choice ot 1 M NaCl solution is explained by the fact
that the electrical and acoustic parameters of a given liquid, according to [6], correspond
to the parameters of brain tissue. The choice of ethyl alcohol was largely arbitrary though
dictated by the wish to show that the advent of mechanical vibrations on irradiation
with e.m.f. pulses is not exclusively the property of electrolytes but occurs to an equal
degree for non-conducting pure liquids. [rradiation was carried out in a rectangulur
waveguide with section 31 x 240 mm?2. To raise the concentration of the field in the
zone of the tube on the wide wall of the waveguide was sealed a brass tube of height

uht

generator "ﬁ_——ﬁ

A

Amplifier -|

Pulse

generaton Oscillograph

t |

F1G6. 1. Circuit diagram of experimental apparatus.

50 mm with an internal diameter 14 mm. The power of the generator in the pulse wa»
72 W, the repetition frequency of the pulses changed within the limits 10-3000 Hz
and the duration of the pulses was 10 psec—1 msec. The mechanical vibrations excited
in the liquid were reccrded by a bimorphous crystal. The variable electrical signal
recorded from the detector was amplified with a UBP1-02 bipotential amplifier and
recorded on the screen of a S1-19B oscillograph. As source of w.h.f. e.m.f. we used 2
modified GS-6 generator, carrier frequency 0-8 GHz. In [6, 7] this phenomenon !>
considered on exposure to e.m.f. pulses with a cairier frequency of 918-2400 MHz
from which it may be concluded that the character of the effect over a wide frequency
range is quite general. The apparatus at the disposal of the authors operates at the
frequency of 800 MHz which is quite close to the values presented in the literaﬂ’_"-
Modulation of the u.h.f. vibrations with pulses of square form was carried out wﬂf:
a G5-54 generator. The circuit diagram of the apparatus is indicated in Fig. 1. Figure -
shows arrangement of the tube with liquid in the waveguide and bimorphous ‘71?'5“”
used as detector of the mechanical vibrations. Preliminary investigation established
that the amplitude of the vibrations in the tube filled with ethyl alcohol is consider?bly
hi gher than in the case of NaCl solution. Qualitatively the character of the vibration®
for these and other liquids used in the experiments completely matches. Therefore-
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for convenience of description below we give the. results ‘obtained for ethyl alcohol
if no special qualifications are made. ‘ _

Figures 3 and 4 give the oscillograms of the mechanical vibrations for the dif-
ferent time parameters of the e.m.f, w.h.f, pulses. For long durations (Fig. 4) the vibra-
iions excited by both fronts of the thermal pulse are clearly. visible. The vibration in
the duration of the e.m.f. w.h.f. pulse with interference between the mechanical vibra-.
sions excited by the leading and trailing edges is observed. The periodicity of the ap-

arance of the maxima (minima) of the amplitude of the mechanical vibrations ©
=1/f where fis the frequency of the vibrations excited in the liquid, is inversely propor-
sional to the height of the liquid column.

The graphs (Figs. 5 and 6) indicate the dependence of the amplitude of the excited.
mechanical vibrations on the duration of the acting pulse. The frequency of the mechan-
ical vibrations was determined from the zero beats between these vibrations and the
scoustic signal from an electrodynamic emitter. The emitter was 30 cm away from the
wbe with detector. At the moment of equality of the frequencies of the tonal acoustic
signal and the mechanical vibrations excited in the liquid zero beats were observed
on the oscillograph screen. In this case the detection itself served as a vibration mixer.
Simultaneously on rearrangement of the frequency of the sound generator beats are-

4

- ——
-8
§

— zxﬂ /7

~J[E =y
)Emdiahbn _ fE-vecz‘a/' 7

3/

FiG. 2. Arrangement of tube with liquid in waveguide and bimorphous crystal in tube: 7 — detec-

tr of mechanical vibrations (bimorphous crystal); 2 — test liquid; 3 — packing (fluoroplast); 4 — co-
axial cable; 5 — test tube; 6 — tube; 7 — waveguide.

RA

FiG. 4

Fig. 3. Mechanical vibrations excited in ethyl alcohol with a short w.h.f. pulse (duration of pulse

‘less than the haif period of mechanical vibrations).

Fi6. 4. Mechanical vibrations exicited in ethyl alcohol with a wide u.h.f. puise (duration of

the puise amounts to several periods of the mechanical vibrations).
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FI1G. 5 FIG. 6

Fic. 5. Amplitude of mechanical vibrations excited in 1 M NaCl solution as a function of the du-
ration of the u.h.f. pulse.
Fic. 6. Amplitude of mechanical vibrations excited in ethyl alcohol as a function of the duration
of the u.h.f. pulse,

observed between the repetition frequency of the e.m.f, wh.f pulses and the fre-
quency of the acoustic vibrations from the electrodynamic emitter. The beats are re-
corded whenever the frequency of the acoustic vibrations is a muitiple of the pulsed
repetition frequency. As an example, Fig. 6 gives the oscillogram of such beats. The
frequency of the acoustic signal is 6x 10? Hz and the pulse repetition frequency of
the e.m.f. wh.f. is 1-5x10® Hz. Zero beats may be observed when these frequencies
ave equal.

An interesting feature of the experiments is that the vibrations excited in the liquid
have an intensity sufficient for their auditory perception from a distance of up to | m.
The beats of the acoustic signal and vibiations excited in the liquid may also be per-
ceived by hearing. In this case the mixer of mechanical vibrations emitted by the tube
with liquid and electrodynamic emitter is the auditory apparatus of the observer. The
zero beats on hearing may be recorded in parallel with their visual observation on
the oscillograph screen. The values of the frequency of the natural vibrations of the
liquid obtained by the method of zero beats recorded by the detector concur with
those determined on hearing. '

Similarly, parallel recording on the oscillograph screen and on hearing of the maxima
and minima of the amplitude of the free vibrations the appearance of which is due
to the presence. of interference in the vibratory system is possible. Interference appears
not only through change in the duration of the pulses (Figs. 5 and 6) at a low frequency
of their succession. With increase in the repetition frequency of the pulses and for a short
duration of them the excited mechanical vibrations do not have time to wane in the
pauses: between pulses and starting from a certain value .of the repetition freque'ﬂcy
interference of the mechanical vibrations is also observed: with agreement of the signs
of the initial phases of the vibrations their amplitude grows, in counter-phase the
vibrations die away (Fig. 7). At these moments a lower tone corresponding to 1'hc
pulse repetition frequency is clearly perceived. In the experiment increase in the 1
tensity of the low frequency vibrations perceived on hearing is noted with fall in the
repetition frequency of the pulses down to 10 Hz. This is explained by the fact that
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in the energy spectrum with fall in the pulse repetition frequency the amplitude of the
Jjow frequency spectral ccmponent increases [8]. The tone corresponding to the free
vibrations ‘of the system is perceived on hearing starting from a pulse repetition fre-
quency of the order 250 Hz.

Fic. 7 Fic. 8

Fi1G. 7. Beats between pulse repetition frequency and frequency of acoustic signal, 2 multiple of the
pulse repetition frequency.
FiG. 8. Quenching of excited mechanical vibrations as a result of interference.

We also ran experiments on the character of the mechanical vibrations in liquid-fiied
beads on their irradiation with pulsed e.m.f. w.h.f. Allthe other conditions corresponded
to those described earlier. A bead of diameter 20 mm with a tube 9 cm long filled with
ethyl alcohol has a resonance frequency of about 9 kHz and filled with 1 M NaCl
solution of the order 11 kHz. For a bead of diameter 30 mm with a tube 8 cm long the
corresponding values are 6-4 and 8 kHz. A sealed 30 mm bead containing alcohol has
a resonance frequency of 7-8 kHz.

The results permit some assumptions on the possible mechanism of radiosound.
The clarity of the effect investigated in the experiments, the possibility of direct auditory
perception and visual observation on the oscillograph screen of the vibrations excited
in the liquid on irradiation of the tube with pulsed e.m.f. u.h.f. support the assumption
that the effect of radiosound is due to the same processes as generation of sound vibra-
tions in a test tube containing liquid; namely: transformation of the diminishing e.m.f.
energy into the mechanical energy of the absorbing substance. From this point of
view the object on which the investigations were carried out may be regarded as a phy-
sical model of radiosound and the results of the model experiments be interpreted in
relation to this phenomenon. However, it should be noted that within the model de-
scribed it is not possible to explain the effect of high frequency radiosound [9, 10] of a
non-resonance character. But, if one starts from the fact that the measured rate of rise
in temperature in the tube was 0-1°C sec~* for 1-5 cm® 1 M NaCl solution for a pulse
porosity 20 then the URM for this object has a value of the order 84 kW/kg in the
pulse. The calculations show that for such a UPM the power absorbed by the tube

\ must be about 8 W in the pulse. Accordingly, to excite the mechanical vibrations of
the same amplitude in a volume of 2+5 x 103 cm? (the volume of the head of the human
adult) a pulse power of the generator of not less than 13 kW is necessary. Naturally,
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in our experiniental conditions such vibrations could not be recorded owing to the
considerably lower power of the generator. Nevertheless, it is obvious that if resonance
were detected in this system the quantitative results of the experiments would entitle
us to give a reliable interpretation of them in relation to the effect of radiosound.

It is also interesting to compare the experimental results obtained with those pre-
sented in Lin’s work [6]. The author considering the characteristics of the effect of
radiosound proposed for its explanation a mathematical model of the action of a single
e.m.f. pulse on a liquid-filled sphere. Lin moved away from the real situation auto-
matically replacing the linear spectrum occurring on exposure to a sequence of pulses
of a definite repetition frequency by a continuous one. The dependences obtained by
Lin of the sound pressure on the duration of the pulse are not commented on. If one
starts from the fact that the sound pressure must change in tandem with the frequency
of the elastic mechanical vibi aticns then from the calculated graphs presented in Lin's
work, it follows that a sphere of radius 3 cm must vibrate with a frequency of about
150 kHz and one with a radius of 7 cm with a frequency of about 66 kHz. However.
here the dependence of the resonance frequency on the radius of the sphere is presented
and the commentary gives the resonance frequencies for radii of 3 and 7-10 cm and
25 of 7-3-10-4 kHz. This contradiction is not explained and it remains only to postulate
the causes of its appearance.

On the other hand, our experimental findings show that as a result of interference
the maxima (minima) following each other allow one to determine the resonance fre-
quencies for a liquid column as a four-wave resonator.

‘Thus, the foliowing conclusions may be drawn from the work undertaken.

1) A tube filled with liquid may be regarded as a physical model for investigating
the phenomenon of radiosound. This follows from the obvious assumption that radio-
sound and excitation of sound vibrations in a liquid are based on the same mechanism ~
transformation of the diminishing e.m.f. energy into mechanical vibrations of the
abs orbing substance. :

~ 2) The socalled second type of radiosound [9, 10}, namely perception of a low
frequency tone in the absence of resonance vibiations is explained by the presence of
mechanical vibrations corresponding to the pulse repetition frequency at the moments
when the high frequency components corresponding to the natural fiequency 2%
suppressed as a. result of the run-on of the phase.

3) On detection of the resonance properties of the head which can be done only
on a model since the calculated powers necessary for the advent of vibrations in such
a system well exceed the safely norms, the qua ntitative results of the model experim‘"‘ts
may be applied quite correctly to the description of the effect of radiosound-
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ASPECTS OF THE REGULATION OF HUMAN LOCOMOTOR
MOVEMENTS*

V. A. BogpaNov
Institute of Problems of Information Transmission, U.S.S.R. Academy of Sciences, Moscow

(Received 18 September 1984)

Transforming the experimental kinematic data to normal coordinates and calculating

the moments of the muscular forces during walking the author found that the locomotor

movements for each degree of freedom of the leg are regulated almost discretely so that the

two bit constant control parameters are switched a small number of times in the cycle of the

step. Therefore, the musculature acts like switchable elastic links and the energy expenditure

depends significantly less on the trajectories of movement than on the kinematic conditions
at fixed moments of switching.

Posing of problem. Earlier, it was shown [1] that muscular actions are theoretically
possible for which the energy expenditure depends on the goal of the movement but
not on the trajectories along which the goal is reached. The control of such muscular
actions is characterized by parameters instantly changed when the next goal of move-
ment arises and constant until the goal is reached. This priniple of control was called
iso-energetic and the changes in the parameters termed switching. It was found [2]
that iso-energetic control is used in rhythmic movements of the arm in the elbow joint.

Similarly during locomotions of man and animals the goal of movement consisting
in the displacement of the body to the necessary point in space appears more important
than the trajectories of movement. Statistical analysis of the published data showed
that during walking by man the muscular actions in the joints resemble the actions
of switched elastic links {3]. Let us see whether the intermediate goals of movement

* Biofizika 30; No. 5, 900-904, 1985.
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would have jth~ 10-100 A/on? — at least an order of
de lower than the experimental threshold current
! I these lasers, therefore, Auger recombination

The current in the active region of injection lasers
results primarily from carrier diffuslon,1 so that we may

- jgnore the Joule heating in Eq. (3) in this case, Further-

more, the term A in Eq. (1), which corresponds to Auger
recombination, is assumed to be small in comparison with

- the rate of radiative recombination, . The dependence

of the threshold current on the lattice temperature can
now be determined from the onset of degeneracy of the
electron gas, which can be found by solving system 1)-(3),

| with T, fixed, and with T treated as a parameter. The

gsion for the rate of Auger recombination in this

case is
- Eiloy
rxp(r)e alnt- 2l ©

- €9 (/m, and mj are the transverse and
longitudinal electron masses), ni(T) is the equilibrium
intrinsic electron density, and 8(T) is a smooth function
of the temperature T and is given in Ref, 4. We evidently
have rj(T) * v(T)n?, where v(T) is also 2 smooth function
of T (Ref, 1), Figure 1 shows some typical curves of the
position of the Fermi quasilevel ¢ and of j as functions

of the temperature T for various values of £g, plotted

under the assumption Ty < Ej.

: CIA-RDP96-00789R0031 00280001-7

FIG. 1. Dependence of the position of the Fermi quasilevel 't (a) and
of the injection current density j (b) on the temperature of the electron
gas for various gap widths (egy >egl-

The maxima in these curves result from the activa-
tional nature of the Auger recombination, If the electron
gas does not become degenerate when t(T) reaches a
maximum (as on curve 2), the degeneracy sets in at a
temperature T*~ Ej which is essentially independent of
the lattice temperature T,, This case corresponds to an
S-shaped dependence of T on the pump current j, Using
the expression from Ref, 4 for A(T), and using the esti-
mate v~ 10*7s™%, one can show that for Ty > 10 K curve 2
corresponds to gemiconductors with gap widths & <0.1 eV,

In summary, for injection lasers made from semi-
conductors of this type the threshold pump current be-
comes a function of the lattice temperature only at Ty >
E;j~0.1 &, This conclusion is in good agreement with
the experimental data,

lp, X, Hoal, K. H. Herrmann, and D. Genzow, Phys. Status Solidi A 64,
239 (1981).

2G. Nimtz, Phys. Rept. 63, 265 (1980).

%2. W. Keyes, Proc. IEEE 63, 740 (1975).

4p, R, Emtage, J. Appl. Phys. 47, 2565 (1976).

Translated by Dave Parsons

Informational nature of the nonthermal and some of the energy
effects of electromagnetic waves on a living organism

N. D. Devyatkov and M. B. Golant

(Submitted July 10, 1981; resubmitted November 26, 1981)
_ Pis’ma Zh. Tekh. Fiz. 8, 39-41 (January 12, 1982)

PACS numbers: 87.50.Eg, 87.10. +¢

It was noted a long time ago that 1living organisms
may be affected significantly by electromagnetic waves
in the radiofrequency range at a very low intensity, below
Fhat which would cause any significant heating of tissues.
These effects have been labeled vnonthermal” or rgpecific”
effects, There are, however, no clear criteria for judging
an effect to be "specific" (the fact that the temperature
change ig small cannot serve as such a criterion, if only
because the wave energy and, hence the temperature can
be increased significantly without affecting the resuits in
several cases’). In the absence of clear criteria, there
have been difficulties in deciding whether an effect is a
specific effect or a thermal effect (or an tenergy” effecti)

Approved For Release 2000/08/08 ;: C
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in some particular case or other, and there has been some
doubt that specific effects should be singled out as 2 gpecial
group. The phrase ngpecific effect” has frequency been
replaced by minformation effect” in more recent years,

but this change does not eliminate the difficulties, since

no clearer criteria for this concept have emerged.

A study of the influence of millimeter-range electro-
magnetic waves of a nonthermal intensity on living organ-
isms of various complexity levels was published in 1973
(Ref, 2). The organisms studied ranged from microorgan-
isms to mammals, Some general conclusions about these

effects were formulated.
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resonant manner: The results change substantially upon
a small deviation from the frequencies at which the waves
are most effective.

2) The effect is essentially independent of the intensity
of the electromagnetic waves above a certain minimum
(threshold) level and below the level at which a significant
heating of tissues is observed.

The reasons for the resonant nature of the effect have
been discussed by several investigators (see Refs, 2-4,
for example), while the second of these facts has not yet
been convineingly explained. This gecond fact is apparent-
1y the key to an understanding of the essence of informa-
tion effects.

We begin our discussion by considering one agpect
of the operation of cybernetic devices used in technology.
These devices work only in those cases in which the re-
sults of their operation are not, over a broad range, af-
fected by changes in the signals generated in the informa-
tion-processing systems. The minimum signal levels
required for operation of a device are usually determined
by the requirements for shielding the device from noise
and stray pickup. The maximum permissible signal levels
are determined by the possibility of damage or of changes
in the operating conditions of the device, Let us examine
the situation in somewhat more detail,

The input of the cybernetic device receives a set of
gignals-which represent the arriving information as aset of
quantities and operations on these quantities, Emerging
from the output of the device is a set of signals which
represent information obstained as a result of the pro-
cessing of the data which arrived at the input, The in-
formation which arrives at the input must be unambiguously
related to the information taken from the output.

As the device processes information received at its
input, however, auxiliary signals are generated in it. The
level of these signals cannot be independent of the working
state of the elements making up the device, and this work-
ing state unavoidably changes over time, Consequently,
cybernetic devices which ensure an unambiguous corre-
spondence between the information received at the input
and the information taken from the output can operate
reliably only if this relationship does not depend, within
the specified limitations, on the level of the auxiliary
signals generated in the information-processing system.

It is natural to suggest that in a Uving organism the
1evel of the signals generated by the information-process=
ing systems does not, over a broad range, influence the
relationship between the received information and its ef-
fect on the corresponding organ. In terms of the informa-
tion effect on the organism, electromagnetic waves which
are incident from outside the organism may be similar
to signals generated by the information~processing systems
of the organism itself. The discussion of threshold and

maximum signals

Approved For Release 2000/08/08 : CIA-RDP96-00789R003100280001-7
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- (i j i ing that " ific" effect: f
: eieRbPdR AR 0B a0 0

{s similar to that above, .There is another Translated by Dave Parsons

Tr

ngpecific" stimulus, the reglon irradiated by the electro-
magnetic waves does not necessarily have to coincide wit}
the affected region, The necessary neommand" can be

transferred through one of the information-transfer chan-

nels in the organism,

An important point is that the energy effects of the
electromagnetic waves may simultaneously be informatior
effects on the organism, The interrelationship between
the information effects and energy effects of a signal can

be explained with the help of an example, The meaning of eithe
some text (information) does not depend on the intensity acw
at which it is illuminated. On the other hand, the {llumi~  poth
nation intensity determines the energy effect of the light sibi)
on the eye, ' is p
' Accordingly, a distinctive feature which determines puls
the informational nature of an effect of electromagnetic the
waves 1s not the absence of tissue heating but the essen- tion
tial independence of the effect from the intensity of the ’
electromagnetic waves over a broad range. Inmany case:  of ti
(including those discussed in Ref. 2) an information effect  occr
on an organism is determined by the frequeney (or, more inte
generally, by the spectrum of frequencies) of the waves exte
and is related to the resonant dependence of such effects cont
on the wave frequency which we mentioned earlier, fror
Since several organs and systems are working simul- by
3 . las¢
taneously and in a coordinated manner in a living organist
exchange of information between these organs and systen: sm;
and processing of this information are absolutely neces- gftt
gary, Alterations in its information exchange may strong ,: :
affect the working conditions of the organism; in particul? moi
many diseases result from disruptions of information- k a
processing and —transfer systems. In certain cases, res
therefore, the use of information effects may prove very and
successful, cas
wit]
DThe more rigorous term "energy effect should be applied to any effect dist
whose magnitude is decisively influenced by the amount of energy or ven
power. mo
the
ma
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Role of coherent waves in pattern recognition and the use of
intracellular information S

M. B. Golant and P. V. Poruchikov
{Submitted December 15, 1988)
Pis’ma Zh. Tekh. Fiz. 15, 67-70 (August 26, 1989)

It was shown in Refs. 1 and 2 that the coherent further, as described briefly in Ref. 5, among other

acoustoelectric waves which are generated by cells places. This work has led to the suggestion that
(and whose length is smaller than that of electro- the organic changes in a cell which lead to a dis-
magnetic waves by a factor of about a million) may ruption of the shape of cellular membranes result
play a role as a high-information-content facility in from the excitation of coherent standing acoustoelec-
the acquisition of data about processes involving tric waves in these membranes. These waves are
breakdown of the normal operation of the cells. presumably most intense in regions of a disruption.

: s : - The frequency of the oscillations is determined by
The rate at which information is processed and the nature of the disruptions. Theoretical work has

the amount of information which is processed, how- 1 .
ever, depend to a large extent on the manner in 520?1:11) thgi :gg f;[:il;j t(l)lfe ?ﬁ:ﬁoxggf:’ wl:ch ;n‘rg
which this information is perceived and processed. go r tY dminta “Jectromagnetic Wav g space the
From this standpoint, the most effective methods di;:leel; eof pr;)tein mole cuglgs which ?::_; (c:’:u_s]e] stin g at
are pattern recognition and processing of informa- £ p

e h requencies close to the frequencies of the waves
tion in complex organisms. The D erception of a excited in the membrane to be attracted toward the

visual pattern is usually cited to illustrate this point. ;
106 membrane. The attractive forces acting on the pro-
The human eye, for example, has about 250-10 tein molecules are proportional to sin2 wt cos[(2n/0)2],

receptors, which simultaneously perceive different .
elements of the object being observed, establishing whgre- i\ 1$hthe lercxugthtof althe actzlciustoiltgctri_cfvglve,
in the brain a pattern similar to that of this ob- an .bg 8 eTgoor r:a: e ﬁong% e suriace I?i i e
ject.3 This circumstance is of exceptional conven- mtehm_rane._ di esi a rtalrf v:haorcisizare perio tac d-
ience for mental manipulation of the pattern as a § eir perio I’Fh ’ It:a er than il as mh sth:t
unified whole and results in huge savings in both n%‘l wavc;s). -ese lorcles z}cre wfi menougb .
the memory and the processing facilities required a tlux o protemur:no fecu es dov;ilrb il de mettx.x (;'iane 1‘:1
for the manipulation. The result of the processing formed as a result o :.hg'rg uk u qu° recte
of information is then realized in actions which are disglacements agm“St e background of Brownlan
carried out at the level of organs (hands, feet, motion.
muscles, etc.). The human brain, however, which ‘In the immediate vicinity of the surface of the
has only about 10°-10'° cells, cannot perform a _ membrane, a force determined by the interaction of
modeling of the processes which are carried out at the polarization field, which is strong (107 V/m),
with the constant component of the dipole moment

the cellular level in an organism, since the number
of cells in an organism is 104-10*%. For this rea- of the protein molecules acts on the dipoles of these

son, processes at the cellular level may be con- molecules. As a result, kinetic energy is trans-

trolled primarily by systems of the cells themselves. ferred from the protein molecules to the membrane

R. Vikhrov's suggestion that any pathology is re- (the average transfer is kT). The collisions. of the

lated to a pathology of a cell remains important even  protein molecules may eliminate the distortion of the
shape of the membranes. : :

today.

It is natural to ask whether the perception and Protein molecules adhering to the membrane
processing of information about breakdown, which execute oscillations which are sustained by virtue
are carried out in cells by means of coherent waves of metabolic energy in the cell. Being synchronized
in the extremely-high-frequency range are of a pat- by the oscillations in the membrane, they may trans-
tern nature. A stress reaction of an organism as for this energy to the alternating field of acousto-
a whole (a nonspecific response of an orgamism to electric waves which are excited there, thereby re-
a change in its condition of existence) is, from the plenishing the energy expended on controlling the
standpoint of phases of adaptation to changes, sim- moving flux of protein molecules. 6
flar to the responses of a cell to unfavorable changes . :

(Rer. 47 1 ight s bo suggested it here f6” contrl process slear distinction hers e
a similarity i i . : -
arity in the organization of the control ing the deformations. The control process is pre-

The ideas of Refs. 1 and 2 have been developed dominantly the directing of the flux of protein mole-

849 Sov. Tech. Phys. Lett. 15(8), Aug. 1989 0360-120X/89/08 0649-02 $02.00 © 1990 American Institute of Physics 649
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of weak alternating components of the field of acous-
toelectric waves and the fields of the electromagnetic
oscillations into which the acoustoelectric waves con-
vert upon radiation. In the course of the energy
process, on the other hand, the protein molecules
transfer the average kinetlc energy of their thermal
motion to the membrane in the region in which it

is distorted. The process of eliminating pathological
deformations is essentially a "seif-healing" of the
cells.

From the standpoint of the answer to the
question posed above, this process can be inter-
preted in the following way. The distribution of the
amplitude and the frequency of the coherent waves
excited in the membrane reflects the nature of the
disruptions in the membrane. In other words, it is
the pattern of shape disruptions of the membrane,
coded in the frequency and distribution of the am-
plitude of the field, which affects the processes
which occur in the interior of the cell (here, the
energy processes are also included), leading to the
elimination of the disruptions and the maintenance
of homeos1tasis. R ‘ . :

‘It seems to us that this mterpretaf_ion of the
process is of more than theoretical importance. It
might also have some substantial practical conse-
quences. Since the frequencies of the oscillations ex-
cited in the membrane are determined primarily by
the nature of the distortions of the shape of the
-membrane, identical distortions in different parts
of a membrane will lead to the excitation of the same
frequencies. The nature of the disruptions of the _
functioning of a cell (the nature of the "disease"),
however, depends on the orientation of the distor-
tion with respect to the positions of the cellular
organelles. In other words, the same oscillation fre-
quencies may cooperate to eliminate different dis-
ruptions. The richness of the pattern perception
of information about intracellular changes and of the
pattern control of actions performed on these changes
is determined by the frequency—coordinate nature
of the perveption. : ~ b v

i By
S el

s

is effective to the extent that it corresponds to the
coherent intrinsic radiation which is generated by
the cells upon corresponding disruptions.

Since the pathology of the overall organism is,
as we have already mentioned, related to a cellular
pathology, the same frequencies may prove useful
in the healing of quite different diseases. Indeed,
the first studies in this direction have revealed that
the spectrum of the biological action of oscillations
of a certain frequency is very wide, and, while a
certain spectrum of generated frequencies corre-
sponds to a certain type of disruption, the inverse
conclusion cannot be drawn: A certain frequency
spectrum of actions (i.e., only one of the coding
factors) may correspond to the possibility of healing
different disruptions.

DTnis work was carried out by M. B. Galant and N. A. Savost'yanov.

IN. D. Deyatkov and M. B. Golant, Pis'ma Zh. Tekh. Fiz. 8, 39
(1982) [Sov. Tech. Phys. Lett. 8, 17 (1982)].

IN. D. Devyatkov and M., B. Golant, Pis'ma Zh. Tekh. Fiz. 12, 288
(1986) [Sov. Tech. Phys. Lett. 12, 118 (1986)].

3L. A. Cooper and R. N. Shepard, Sci. Am. 251, No. 12, 106

(Dec. 1984).

“A. D. Braun and T. P. Mozhenok, Nonspecific Adaptive Syndrome
[in Russian], Nauka, Leningrad (1987).

SM. B. Golant, in: Problems of Physical Electronics {in Russsian],
M. I. Kalinin Polytechnical Institute and A. F. Ioffe Physico-
technical Institute, Leningrad (1988).

M. B. Golant and T. B. Rebrova, Radioelektronika No. 10, 10

(1986).

Translated by D. P.

Defect formatlon m thlh fllms bombarded with high-energy protons

:’“' )

S.G.Lebedev.. = .

_ Institute of Nuclear Research, Aéaderft y of Sciences of the USSR
(Submitted February 9, 1989; resubmitted June'28, 1989)
Pis'ma Zh. Tekh. Fiz. 15, 7072 (August 26, 1989) . -

The radiation-induced structural defects in
solids bombarded by high-energy protons, of energy
T > 100 MeV, are determined by both elastic (elec-
tromagnetic and nuclear) and inelastic interactions
* of the primary protons with the target atoms. The
‘recoll nuclei which acquire energy as a result of
nuclear interactions of protons create atom—atom col-
lision cascades which are greater in extent than
- the cascades which start at the atoms that are the
first ejected from their positions in Coulomb inter-
actions, and these recoil nuclei are primarily re- = -

A fraction n(T) of the energy of a recoil nucleus
is expended on electronic excitation, while another
fraction v(T) is expended on the formation of radia-
tion-induced point defects in elastic interactions of
the recoil nucleus with target atoms. The NRT stand-
ard? is widely used to calculate the function v(T).
To evaluate the rate at which point defects are gen-
erated by radiation, we need to know the effective
cross section for defect formation, ogq, and the num-
ber of defects, nq = v(T)/(2Eq), produced by the
first-ejected atoms in the cascade of subsequent
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DISCUSSION

ROLE OF SYNCHRONIZATION IN THE IMPACT OF WEAK ELECTROMAGNETIC
SIGNALS OF THE MILLIMETRE WAVE RANGE ON LIVING ORGANISMS*

N. D. Devvatkov, M. B. GOLANT and A. S. TAGER
(Received 28 September 1982)

The possible mechanism of the action of weak electromagnetic radiation on living organisms

is discussed based on the assumption of clectromechanical autofluctuations of cell substruc-

tures (for example, portions of the membranes) as the natural state of living cells. It has been

established that synchronization of these autofluctuations by external electromagnetic radiation

leads to the appearance of internal information signals acting on the regulatory systzms of
the body. This hypothesis helps to explain the known experimental data.

It is known that the electromagnetic radiation of the milimetre wave range e.m.fr. of very low
{non-thermal, i.e. not appreciably heating the tissues) power may exert a fundamental action oft
various living organisms from viruses and bacteria through to mammals [1]. The spectrum of the
e.m.r. induced biological effects is also extremely wide — from change in enzymatic activity, growth

rate and death of microorganisms through to protection of bone marrow haematopoiesis against
the action of ionizing radiations and chemical preparations [1}. Many vears of experimental re-
search have established the main patterns of the action of e.m.r.: its “resonance” character {the
biological effect is observed in narrow —from tenths of a per cent to percentage u.xnits-frequﬂ{cy
intervals and starting from a certain threshold value practically does not depend on the intensity
of the e.m.r.); the high reproducibility of the resonance frequencies in repeat experiments; ‘me“.‘o'
fization’ by the organism of the action of the e.m.r, over a more ot less iong period if irradiatiof
lasts a sufficiently long time (usually not less than 1 hr); the non-critical nature of the obs
biological effect to the irradiated portion of the animal body, etc. [2]. .

The most general conclusion arising from analysis of the patterns identified is that the action
of the e.m.r. on live organisms is not of an energetic but information character [2, 3), the primaty
effect of the e.m.r. being realized at ceil level and asociated with biostructures common to different
organisms. Such structures may be, in particular, elements of cell membranes! with a considera
dipole electric moment, molecules of protein enzymes, etc., for which, as shown by evaluatiOH.S'
frequencies of the natural mechanical vibrations lic (depending on the speed of sound) in the int€?"
val (0-5-5)x10° Hz.

Below is described the most probable, in our view, mechanism of action of e.m.r, on fluct
in cell structures and the appearance of information signals in the body.}

gation®

* Biofizika 28: No. 5, 895-896, 1983.

t Such an assumption has been advanced by many investigators. S. Ye. Bresler w
to point out this possibility to the authors.  1ered

3 The problem of transformation of information signals into control signals is not consid¢
here.
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Role of synchronizatica in impact of weak electromagnetic signals 953

initial assumption is that in the living organism and in the absence of external action all
in part of the oscillatory degrees of freedom of certain biostructures is in the regims of co-
tained by the energy of metabolism [4]. The effect of an external e.m.r.

uwﬂuctuations sus
ted not with excitation of the fluctuations in biostructures but with change in particular
in particular, with change

tics of auto-fluctuations alceady existing in the living organism,
et pectrum. We shall assume that the auto-fluctuations appeat in portions of the lipid skeletons
’ cell membranes.® Sets of normal fluctuations with an almost identical spectrum correspond

“:ﬂions of the membranes of the given cell similar in structuce or in identical cells adjacent

be the totality of a large number of elementary

ogencrators (oscillators) weakly joined together. The whole set may be broken down into several
in each of which the autogenerators are almost identical. Within each group, in principle,
ual synchronization of the oscillators is possible although because of rapid weakening with

links between the elements of structure and a certain difference in the frequencies,

A NCC Of the
mes, if they exist, are localized in small portions between which synchronization

ronous Tegi
at., Therefore, it may be expected that In theusual conditions the phases of the auto-fluctuations

including those of a given group with close frequencies, are distributed

v e

“i’hc simplest model of such a structure may

IR R 2P,

ik

different oscillators, : r
mly so that the mean value of the sum of the phases of all autofluctuations is close to zero.

close to zero is the macroscopic (mean over a large number of portions of the same type)
other cell structures and do not burden

ect of such fiuctuations —they exert the minimal action on
rmation system of the body. .
" The situation, however, may fundamentally change on exposure of the cells to an external

romagnetic field. If the frequency of the external agent sufficiently closely approaches the fre-
he autofluctuations of one of the above mentioned groups of almost identical oscillators
{or 10 the harmonics and subharmonics of this frequency) the auto-fluctuations are ‘captured’
(,ynchronization) by the external signal. The centre of the synchronization band (resonance fre-
quency) is determined by the mean weighted value of the partial frequencies of the oscillators of

a given group and depends fittle on the daviations of the partial frequencies of the individual osciila-
hasing of the oscillations of all the elementary autogens-

{OFS. Synchronization is accompanied by p!
ators —the phases of these oscillations concur with the phase of the external signal in a given portion

of the structure.
such cophasic oscillations of identical portions of the cell membranes may produce different

macroscopic effects (for example, excitation of electromagnetic or electro-acoustic waves in the
crrounding medium) and serve as an information signal for the regulatory systems of the body.
For any of the above mentioned groups of autogenerators therc may exist several resonance fre-
quencies ot which the actions of the external signal will lead to the same of similar biological effect.
Since other structurally different portions of the membranes have their own spectrum of auto-{luctu-
stions other sets of frequencies may also be observed at which the external signal produces different
wiological effects.

A characteristic feature of the phenomenon of synchronization of auto-fluctuations is the low
power of the external signal required for synchronization the threshold value of which depends
on the noise level in the system and the scatter of the partial frequencies of the individual autoge-
nerators of a given group. Increase in the power of the sxternal signal above threshold does not
change the character of the synchronized oscillations.

The phasing of the oscillations on synchronization may be accompanied by conformational
rzaarrangements of the cell structures since the auto-fluctuations influence the stability of machanical
systems [6]). The fixation of new conformations involving metabolic processes in the cells may ex-
plain the above mentioned effzct of “memorization” by the organism of prolonged action of e.m.r.
The phasing of the auto-fluctuations of cell structures may apparently appear not only under the
influence of the external harmonic signal but alsoasa result of mutual synchronization of the oscilla-

* The mechanism of excitation of auto-fluctuations in membranes is discussed in {5}
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It is natural to assume that the auto-fluctuations of portions of the membranes in the cells
of a living organism are not only a means of information transmiss‘on, there role is much wider,
In particular, auto-fluctuations, even not synchronous, must exert a fundamental influence on
jonic and molecular transport across the membranes. The fluctuating portion- of the membranes
acts as a pump the mechanism of action of which is based on the vibration displacement of particles
(on average, in a certain direction) under the influence of periodic (on average, not directed) forees
[7). The synchronization of the auto-fluctuations of different portions of the cell membranes may
fundamentally influence the processes of membrane transport and hence the properties and vital
activity of the cells.

The assumption that the biological action of e.m.r. on live organisms is connected with the
external synchronization of the natural autofluctuations of cell structures also agrees with other
patterns of this phenomenon not mentioned here.
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INVESTIGATION OF DIFFRACTION EFFECTS ‘F;(R. v,
APPEARING ON PACKING OF HELICAL MOLECULES*
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Institute of Molecular Biology, U.S.S.R. Academy of Sciences, Moscow ! nit they are st

(Received 11 September 1989) . BRSNS of molecules:

The paper considers the general problem of diffraction in biological specimens iﬂ?‘“‘:’; )

several levels of organization. Formulae are obtained for diffraction on aggregates of he :

molecules in which the size of the cell in the direction of the axis of the molecule does not 38 P e Mil

with the period and size of the helix. The formulae obtained fully describe the posmons a : themoell 4
* Biofizika 28: No. 5, 897-904, 1983. 1s of the
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BIDINFORMATIONAL INTERACTIONS: EHF-WAVES
N. D. Kolbun and V. E. Lobarey

Kibernetika i Vychis]itel'naya Tekhnika,
No. 78, pp. 94-99, 1988

unc 577,31

The informational interaction orf the EHF-wave band are
discussed. The influence of electromagnetic flelds in the

millimetric band, which ape similar to natural flelds, upon
human body is studied. .

The evolution of 11ife on earth was affected by various environ-
mental factors. Among the most important factors were electromagnetic
flelds (EMF) and magnetic fields. Studies have confirmed a high sen-

sitivity or biclogical systems to these flelds [2,5].

In principle, each band of electromagnetic waves reaching the
Earth's blosphere could have contributed to natural evolution and may
affect vital functions [5]. In the past few decadeé, the theory
which assigns a regulatory and informational role to EMF in bilological
systems has been gaining supportcers [5,14,16], fThe theory views a bio-
logical system ag a biochemical,complex inseparably linked with intern-
al and external EMF. A concept advanced by Kaznazheev in 1975 (gee
[61) represented a blosystem as a nonequilibrium photon constellation
maintained by a constant energy influx from outside, Under this con-
cept, EMF quanta are material carriers of information flows in cellu-
lar bilosystems. EMF flows wlthin a blosystem constitute the informa-
tional base of its vital funetlons; flows of external EMF are the fac-
tors regulating (to some extent) the internal information flows.

Differentiation between energetic and informational flows of ex-
ternal EMF has been dlscussed in [3,5,8]. The energetic actions ape
defined as the actions introducing é change into biosystem proportional
to the amount ofr energy contributed. An informational interaction orf
© 1989 by Allsrton Prass, Inc.
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an EMF with a blosystem is one where the effect 1s not determined by
the amount of energy brought in but by specific informational features;
various EMF modulations, frequéncy bands, polarizational and time
characteristics, ete., can funetion as such features. The information-
carrying signal, in that case, merely triggers a redistribution of en-
ergy or matter in the system and control processes in it (5]. The low-
er boundary of an information effect 1s set [8] at flow density (FD),
on the order of 14~12 W/m2 (10'16 W/cmz). Apparently, there 1s no

.bright line between informational and energetic FD. Various investi-

gators (1,3,8,10] place 1t in the region between 10~ W/em® and 1072

W/cmz. Figure 1 compares the characteristics of principal EMF sources
that form the natural electromagnetic background of the blosphere and
the atomospheric transparency to the entipre wave band. The atmosphere
1s unevenly transparent to EMF of different wavelengths. 1In furn, FD
from solar radiation and from other sources 1s uneven throughout the

EMF range. The combination of these factors determines the magnitude
and dynamics of natural EM background of the biosphere in each frequency
band., Biological systemé are llkely to be more sensitive to external
EMF flows in the frequency bands ‘where the natural field background 1is
lowest.

Biologlcal effects at informational EMF intensitiles (<1 MW/cma)
appear, according to incomplete data, in those spectral regions where
the external background is minimal eithaer because of low atmospheric
transparency or a minimal space radiation (see Fig. 1). The spectral
density of solar radiation in space matches closely the radiation of
an absolute black body at T = 6000 K. Radlo waves accounts for just
a fraction of a percentage point of the total eénergy radiated by the
sun. In the wave band from 0.3 to 10 mm, solar radiation 1s described
closely by the Rayleigh-Jeans law. The effective sun temperature
Tuoin the radlo band is different from kinetic temperature. It has
been measured experimentally and for A= ]| =6 mm varies from 5500 to
8000 K [4].

Galactlc radiation does not make any significant contribution to
the natural background in the millimetric wave band (EHF), as 1t is
absorbed completely by the atmosphere near A=lcm (see Fig. 1).

Other natural EMF sources are the Earth's. surface and the atmo-
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Flg. 1. Natural EMF sources and atmospheric o Leng
transparency throughout the EM spectral range
(12]: 1) frequency "windows" in which BTI are atmosphe:
observed aceording to [5]; wavelength bands
where blological effects of nonthermal EMF minimal :
with FD £ 1 mW/cm2 can be observed; 2) data the atmos
of [7]; 3) data of [1,3,10,13]. regions !
: thesis w:
sphere. The proper heat radiation from the Earth can be described as the cour:
radiation of a gray body withew= 035 and T = 288 XK. Atmospheric radia- flows the
tion 1s described by radiation laws of an absolute black body with iso- near 2.5
lated selective lines of atmospheric gases and water vapors at respec- tion (MM
tive T op. In EHF-band the effective atmospéeric temperature ranges asgsoelat:
from 100 to 400 K. Throughout the EHF-band, the spectral density of lattice;
solar radiation 1s greater by some 12 dB than the proper atmospheric protein i
radiation (Fig. 2).
. Est:
In the range A=1—8 mm, the atmsophere absorbs EMF selectively, tions (B
mainly in the bands of molecular absorption of 02 and water vapors are such
(1,4]. The total attenuation of the radiation on the vertical path in synchron
selected bands is as large as 800 dB (Fig. 3). In transparency windows, organism
the attenuatlon may be just 1-3 dB.
There are several frequency regions in EHF-band that coincide with
154
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Fig. 2. S8pectral densities of radiation flows: 1) solar at
T= §000K; 2) atmosphere based on data of [4,6].

Fig. 3. Vertical attentuation of MMR as a function of wave-
length in clear atmosphere: 1) January; 2) July.

atmospheric absorption bands; the natural fleld background in them is
minimal and 1s entirely determined by the proper nolse radiation of
the atmosphere. The spectral FD of the natural background in these
regions 1s 10729 to 10-19 W/(mz'Hz). Based on this analysis, a hypo-
thesis was advanced postulating that biological systems, adapted in
the course of evolution to a low=background level, can respond to EMF
flows that rise‘sligntly above the badkground radiation on wavelengths
near 2.5, 1.7, 0.9, and 0.8 mm. Quantum energy of millimetric radis-
tion (MMR) 1is sufficient for inducing important blological processes
assoclated with rotation of water molecules and oscillations of H20
lattice, rotation of terminal groups within molecules, conformation of
protein molecules, ete. [1,3,10].

Estimating the potential role of MMR in bloinformational interac-
tlons (BII), we should note that MMR wavelengths in bilological tissues
are such that, even in case of a very strong MMR absorption, it can
synchronize biochemical processes in single-celled and multicellular
organisms. -
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When nonthermal-intensity MMR acted upon selected acupunctural
zones in men [13], characteristic 3ensory response was absorbed with
radlation frequencies in the band of 53-78 GHz. We conducted similap
tests with 116-121 gHz at radiation FD on the order of 10~8 W/em®,

The band includes 92 absorption line with the center near 119 GHz [15].
The He-Gu acupunctural point on the right hand was irradlated, Based
on 130 tests; a distribution of the relative number of sensory response
was plotted as 3 funetion of MMR frequency (Fig. 4), Subjective re-
Sponses were simtilar to those described in [13]: Parasthesias, sensg-
tions orf warmth, tingling, ete. 3everal tests were also conducted
where, In similar conditions, a sensory indication of MMR with fre-

quency near 180 GHz was observed, —

A speclal method was developed for the experiment to test the pos- ings :e
sibility and the range of BII between noncontiguous biological obJects, mesters
As in (51, electromagnetic wave fillters were Placed between blological The tra
objects, Changes in the state of the object were recorded; the big- Copper
logical obJects thus functioned as detectors. The inductor was an- oper- in iden-
ator who had been found in earlier experiments to be capable of in-
ducing sensory reactlons in subjects similar to those produced by MMR. The
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Distributlon of occurrence

frequency of sensory reactlons with
BII through filters with varilous
transmittance maxima.

A serles of passband net fillters with a honeycomb array of open-
ings were prepared. The filters were made from the same photographic
masters by photolithography and etching of 0.2-mm-thick copper foil.
The transmittance characteristics of the fllters are given in Filg. 5.
Copper foll screens wefe also used.
in 1dentical opaque paper envelopes,

Rilters and screens were enclosed

The subject lay down on a couch; his entire body surface was cov-
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Flg. 7. Setup for irradiation of bacteria (a)
and experiments to deteect BII (b).

ered with two layers of carbon fabric so that only He
boint on the right hand was exposed.
filters in the short-wave wing at A0l <A, Increases to the level of
geometric transparency [9], only one sequence of filters was applied:
first, the shortest-wave filter Nf = 1, followed by Nf = 2,0, Nf =
= 12. Thus, a Sequence of fllters (F) and screens (S) was formed:

SF1F28F3SSF4,..., where the random quantities were only the number
and sequence of screens, '

-Ge acupuncture
Since the transmittance of the

Based on the results of the study, a distribution of subjects
accupeding to filter numberé was. constructed (Fig. 6; the dashed curve
indicates the distribution of the random process of origination of.
sensory responses to presentatioh.&). N

In the next experiment, we attempted:to discover a difference in
responses of bilosystems to MMR with frequencies 116-121 GHz. Proteus
bacteria were irradiated, and placed in a culture medlum (Fig. 7a).

The hemolytic activity of irradiated bacteria was measured after three
hours of incubation in a thermostat, as expressed by the optical dens-
1ty of the specimen. The MMR generator was readjusted in the range of
116.8-120.6 GHz to produce on the culture surface a flux density on the
order of 50 MW/cmZ. The radiation power was maintalned constant within
£1.5 dB; the frequency setting error was within £0.1%..

Each specimen
was irradiated for 180 sec.
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Fig. 8. Probability of hemolytic activity
change by low-intensity MMR irradiation (for
the threshold of likellhood ratio function
Ly = 1) and variation of optical density R

of specimens with Proteus "irradisted" by hu-=
man inductor through fillters 5 and 7.

The experiment followed a randomized plan for five frequency
values. Twenty bacteria samples of the same culture were irradilated
at each frequency (an additional 20 control samples were not irradi-
ated). Bacterial concentration in the specimens was 108 cells/ml.
It was dilscovered that MMR of 116-121 GHz modifled the Proteus hemo-
lytic activity, with the maximum probability of the effect at 118.8
GHz (Fig. 8a).

Simultaneously, an experihent was staged to study the effect of
radiation by the human inductor on the actlivity of the same bacteria
(Fig. Tb). Two filters (Nos. 5 and 7) were used with transmittance
maximum at 1.9 and 2.4 mm, respectively. Through each filter 9 speci-
mens were "lrradiated" (with 9 control specimens). The experiment
produced some increase of hemolytic activity of Proteus irradiated by
the human inductor through a filter with Amg=24 mm (Fig. 8b).

The study made general analysis of the problem of BI; in EHF-band
and attempted to obtain an experimental &onfirmation of the possibil-
1ty of such Interactlions. The following conclusions were drawn.

1. Natural EM background at frequencies of atmospheric absorp-
tlon bands in EHF-band has an absolute minimum for A<« 1em. This may
be associated with a high sensitivity of bilological objects to MMI
observed experimentally. Other investigators are inclined to share
this view [10]. '

2. The experimental results are encouraging for the possibility
of BII in EHF band. Previously, BII between blological objects have
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been observed ip the same range of A= 1,8 -2, mpy [12]. more
3. Additional careful investigations of the sensltivity of pio- 1 Fet

loglcal objects to MMI in the entire EHF-band with direct reglstration
of nonequilibriunm MMI of bilological objects will be necessary fop
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T0LOGIEAL ACTION OF LOW INTENSITY MILLIME;TEP. BAND RADIATION
. V. Betskii and A. V. Putvinskii

zvestiya VUZ. Radioelektronika,
ol. 29, llo. 10, pp. 4-10, 1986
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The possible role is discussed of the strong absorption of millimeter (MM) waves
by water molecules in the primary mechanism of the response of bilological sys-
tems to [M radlation.:. Data are. reported on the interaction of ! radiation
with sipple water systems.. The attention 1s focused on the effect of convec-
Tive nixing of water solutions under the effect of low intensicy (1 ... 10

/cn2J M waves., . _

Anong the most interesting flelds of unconventional uses of electromagnetic waves
¢ medicine, blophysles; and blotechnology. When waves with a large power density are
'1lized, the useful effect is produced typically by the heating of the material being
‘udled; the effect 1s determined not only by the geometry of the objJect, but tc a larsge

‘tent also bJ the radiation wavelength (A). B . .

P P

RO A

In the past two decades, investigators have been concerned with the low intensity
mit electromagnetic _waves in the millimeter (M) and submilliter bands, with waves of a

nsity of single-digit mW/cm2 the general heatinp of irradiated material with these

ves 1s small, amounting to some 0.1°C [l-4].,. Radiation in !M band is strongly abscrbed
various materials. : Oné. of these materials is water, which plays an extremely important
le in the vital functions of biological systems. For example, a flat water layser 1 mm
ick attenuates the radlation at A ~ 8 mm by 20 dB, and at A ~ 2 mm by 40 4B, i.e., by
ndreds of times. - The heating .of materlals in MM band for this reasen is superficlal,

th a large temperature gradient. When human skin 1s lrradlated by MM waves, practically
& entire radiation 1ls absorbed in the surface layer of a few one-tenths of a millimeter
he weight content of water in the skin is ‘more than 65~).

mncTell bpe mguTel 1o
Another feature of MM waves "is the fact that the energy of an 1rradiation quantum hv,

en in this short-wave portion of the nicrowave ‘band, is still smaller than the energy

thermal notion, k. For the wavelength A-lxmn hve=1,17-10-% eV, whileat roomtemperature

= 2,53-10" =2 eV. The quantum energy in this frequency band 1s significantly lower not
ly than the energy of electron transitions (1—20 eV) or the activation energy (0.2

), but even than the oscillational energy of nolecules (10~ -2 =10~ -1
3y of hydrogen bond; (2 lO -2 lO' eV)‘ nxamples of snergies amal_er than this guan-
m are the energy of rotation of molecules around bonds (lO'3 eV), the energy
Cooper pairs in superconductivisy (lO “-lQ'6 eV), and the energy of magnetic”ordering

-4
3 =10 -8 eV).

2V), and the en-

Trom these energy estimates it follows that M1 radiation cannot produce atonmic or
.ecular changes or restructurings. If one takes the analogy with the optical fregusncy
nd, such changes would require multiphoton processes; the number of MI radiation juanca
At wWwould be necessary for an energy conversion should be 10 or more, which is unlikely.
: There are two important circumstances that should be taken Iinto account in studies of
+ eflects of interaction of low intensicy ! radiation with biological objects.

.lrst, the energy of !MM radiation can be transformed 5o the enersy of polar meoleculses
ioclated with rotational degrees of freedom. The role of such energy accumulators is
386 by Allemn Press, Inc, ' '
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rformed efrfectively by rolarized water molecules, which have a dlrole moment of 1,3.4D.
water solutlons of wvarious materials, the absorption of microwave energy willl also be
termined by water molecules and occur as a local process controlled both by the number
“ater molecules In the solution and the interaction of these molecules with other mole-
e€s. Sucit 2 selective heating of matter can” produce biologlcally significant effscts,
n wlth low /M radiation powers when the overall heating 1s small and insignificant.

-

Secondly, the energy of MM waves can be stored on the basis of afdifferent,‘resonance
mechanlsm, such as the one suggested in [5]. In a nutshell, this hypothesis postulates
the following. Bilological systems can have polarizational (dipole) oscillations in the
requency band 100-1000 GHz (A = 3=0.3 mm). The' various vital processes 1in bilc-
-oglcal cells would provide the energy for locally excited dipole oscillations (biological
pumping). By virtue of nonllnear effects of interaction of dipole oscillations and the
aonlinear relationship of these osclllations with elastic oscillations, the system can
pass Into a metastable state, in which the energy will be transformed into the energy of
2 single type of oscillation. Under the effect of MM radiation, the metastable oscillation
2an pass into a fundamental oscillation, gilving rise to a "giant dipole," which would be
2 speclal case of an unusual coherent state of the blological object. The model postulates
:hat such oscillations encompass portions of biological membranes or of biomacromolecules.
juch a state is of a single-quantum type, and resembles the low temperature condensation
»f' Bose gas. These two circumstances determine the major trait of MM radilation - the |
»0ssibllity and ilmportance of nonthermal (or low-intensity) blological effects of MM ra-
ilavion. These effects are observed at radiation power densitieshof approximately 1-
0 mW/cma, at which the general temperature rise of the irradlated specimen 1s not greater
‘han 0.1°C, as has been mentioned. oo, - :

R I

- o

PR I EAPURI I & B SRR LY
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The specifics of the electromagnetic vibrations in theﬂhifiimeteff(énd submillimeter)
requency bands would thus be capable of inducing pecullar low=-intensity blological ef-

aterial irradiated. All experimentally known effects can be divided by way of convention
nto two groups differing in the mechanism of utllization of the electromagnetic vibration
nergy: the effects induced by selective space-localized mlcrothermal heating, usually su-
erficlal; and the effects caused by frequency-dependent (resonance) type of energy stor-
ze. ‘ T R .

Tt SRR

AIN BIOLOGICAL EFFECTS OF MM RADIATION S

PO
e o T

Substantial data have been accumulated in gxperimental~an theoretical studies of
lological effects of low Intensity MM radiation; in the past few years MM radiation has
*eén used successfully for clinical treatment of various dlseases, :"The primary physical-
lemical. mechanisms underlylng the sensitivity of biological objects to this type of elec-

‘omagnetic radlation, however, remain an unknown, making their study particularly de-
I‘able. ' ERppt - Cedie . .

"

o By
P AL . .
T i NET K G

B AL N LA

After years of research certain regularities in the iInteraction with blological ob-
‘¢ts have been established. 1In practically important cases the Interaction, as men-

oned, 1is not of an energy type, i.e., 1s not due to a trivial heating of material. One
ually speaks of informational interaction (this hypothesis was first examined in [6]).

e

'@ term can be used legitimately to mean that the radiation of a"Iow intensity can trigger
nitlate) a chain of successive responses, accompanied by a transformation of energy and
ading to a userful effect, l.e., that the interaction 1is of a mediated type. - This can

1y apply, of course, to complexly organized (integrated) live blological objects. Not

1y the frequency-dependent (resonance) but microthermal storage of microwave energy can
informational when interacting with a live organism. et eSgE wee e

wi T SRLE R

e -

- e

In experiments with microorganisms, animals, or humans, the response can appear as
TPow resonance curves tens to hundreds of megahertz wide.. The following interesting
“eéraction effects have also been observed experimentally: a) the response has a power
"¢shold (there 1s a certain minimal power value, after which the effect becomes discern-
~2); b) a stable biological effect 1s cumulative (the response appears after a certain
7e Tollowing the onset of irradiation - from 15-20 min to .an hour); ¢) the experi-
1tal relationships plotting the biological effect versus microwave power have an ex-
‘ded segment (plateau), where the effect is independent of the irradiation intensity
JOm two $o filve orders of magnitude of power variation); and d) the therapeutic effect
Some instances can be improved when MM waves are combined with other therapeutic modali-
*8, such as f-rays or chemotherapy.
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of microwave electronies (feedback, synchronization of oselllations, 2tc.). This is the
approach developed for example in [1, pp. 127-131].% -

We willl now briefly describe in qualitative terms the effects of low intensity MM
radiation based on the (specific for MM band) selectlve microheating of water media con-
taining various bilologlcal materials. Basic to these effects 1s the convection of liquid
occcurring at the phase Interface. In planning and conducting the experiments, we were
guided by the following key ideas: a) the strong selective absorpticn of MM rzdiation by
nater nolecules agalnst the background of low-absorbing components of various liguid mediz
can be responsible for the transport of charged particles and various molecules in such
systems; b) blological membranes are the most likely target for low lntensity !T1 radiation
in the cell; c¢) the search for new effects should be conducted on simple blological objects
>r model systems, even though this reduces the probability of observing frequency-dependent
(resonance) effects, which was confirmed 1ln experiments; and d) the primary physical chemi-
cal mechanisms of response should be lnvestigated in the skin, thin layers of which abscorbd
MM radliation almost completely. ' ’

DISRUPTION OF THE ADDITIVITY OF ABSORPTION OF MM RADIATION
3Y WATER SOLUTIONS (SEE RELEVANT ARTICLES IN [1,2,3])

Precise measurements of the concentration relationships of the absorption of low in-
sensity MM radiatlon by water solutions shows that the pattern of absorption of MM radia-
lon varies qualltatively and quantitatively, depending on the type of interaction of water
nclecules with the molecules of the solvate. Three cases observed at A = 2 mm, 2 = 1

nW/cm2 are distinguished, depending on the concentratlon of the solvate as illustrated
jualitatively by Fig, 1: 1) the absorption of the electromagnetic radlatlon by the so-
lution 1s equal to the sum of absorptions of the solvent and solute; 2) the total absorp-
;ion 1s less than the sum of the partial absorptions; and 3) the total absorption is greater
;han the sum of the partial absorptions. These effects can be explained as follows. When
M radlation is absorbed, electromagnetic energy 1s pumped into the rotational energy of
>olar water molecules, followed by the dissipation of energy into thermal energy, as a re-
sult of intermolecular interactions. Strictly speaking, the absorption is of a resonance
1ature: on a fixed wavelength, the radliation 1ls absorbed effectlvely by a small proportion
»f water molecules whose frequencies of rotational motions are close to the frequency of
lncident radiation. As the frequency of the external fleld 1s changed, a different group
»f molecules takes part in absorption of the radlation, in conformity with the distribution
»f water molecules according to the rotation frequencies. Experimentally, it 1s impossible
;0 determine the resonance nature of such absorption because of the effective mechanlsm of

:hermal scattering of energy that would occur within the time of the order of 10'9-10 10
sec. In the first case of absorption, 1llustrated by Flg. 1, water molecules practically
lo not interact with molecules of the solute; in the second case, some of the water mole-
:ules lose rotatlonal mobillity as a result of intermolecular interaction (the molecules of
jound water absorb MM radiation less than do molecules of free water), i.e., the total ab-
sorption decreases; in the third case, the intermolecular interacticn is such “hat 1s in-
:reases the rotational mobility of watar molecules, leading to 2an additicnal increase oF
:he total absorption. From relations similar tc those given in Fig. 1 it is thus rossible
;0 Judge about important parameters, such as degree of hydration, the reactivity of mole-

#3ee also the paper by M. B. Golanta and T. B, Rebrova in the zurrent 1lssue.
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ules In water solution, etc. These effects could also be of a practical value in engi-
eering processes (especially in the pharmaceutical industry) for monitoring solute con-
ent

rations.

H

P I )

(¢}

These peculilar properties of the molecules'of free and bound water in MM wave band
ve an impetus for developing the theory of dielectric relaxation of polar molecules and

za
:reation of refined molecular models; this in turn yielded valuable information for under-
standing the structure and propertles of water in complex compounds. Interesting infor-
mation on this matter can be found, for example, in [2,7].

EFFECTS OF MM IRRADIATION OF UATER SYSTEMS

By strong lnteraction with water molecules, MM radiation affects the properties of
water, both as the external and internal environment of live cells. The early experiments
with water systems revealed the effect of convection. The plcture of water conveetion in
rectangular quartz or acrylic plastic trays irradiated with low intensity MM waves was
studied by optical methods of phase contrast and holographic interferometry [8]. The
varied methods of irradiation (placing the irradlating horn at the lower side walls or
above an open water surface) produced water motions conforming to the mechanism of inter-
phase convection (i.e., convection caused by gradlents of surface tension forces) at a

power level below 10 mw/cmz. The convection usually encompassed the entire volume of a
tray (up to 2 ml) and had a fluctuational pattern. The dependence of convection intensity
on MM radiation power was determined by a polarographic technique. ' The experiment setup
is illustrated by Flg. 2, where 1 is radiation horn, 2 is a teflon cartridge; 3 is thermo-
chromium liquild erystal film, and 4 1s platinum microelectrode. As 1s well known, the
limiting current Id reducing the substances dissolved in water 1ls determined by the thick-

ness of the diffusional layer on the electrode surface, and thereofre 1s highly sensitive
to convection In the solution. Polarograms of reduction of O2 in water solution is shown

in Fig. 3: 1) at18°C with no mixing of the medium; 2) at 23°C also with no mixing; 3) at
18°C with mixing. When MM radlation was started, at the instant marked by the arrow, Id

was observed to grow both for O2 and for Cd2+ (Fig. 4, curves 1 - MM radiation (1 M XKCl);
2 = MM radiation (10'3 M CdClz, 1 M KC1). In this experiment the thlckness of the layer

between the electrode and the wall (the thermochrome film), through which the radiation
was conducted, was 2 mm, so that direct actlon of the microwave fleld or thermodiffusion
on the electrode was ruled out. This effect was produced by interphase convection, due to
forces of surface tension, not only in the irradiated zone, but at the water-air interface

as well.

: Judging by the color of the thermochrome film, the heating evennat 20 mW/cm2 was not
greater than(.2°C. Obviously, it i1s the interphase convectilon which 1s the main mechanism
for removing the heat from the irradiated zone. It is of interest also to compare the mi-
crowave action with simple heating of the wall with IR radiation, which also induces con-
‘vection (Fig. 4, curve 3 ~ IR radiation (lO-3 M CaCl,, 1 M KCl)). In the latter case, the

effect was observed only with the calculated heat flux value of not less than 15 mW/cma.

This can be explained by the fact that microwave power 1s released directly in -the solu-
clon, while with IR radiation, the heat flow from the tray wall is limited by the low

thermal conductivity of water impe@ing convection,
e pproved For Release 2006/08/08 * GTAZROPSE-D0786K063700260061.7 425"
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can pe obsegyggr?h experiments with chlorine plastic radlator of a special shape (forik)
used In [9] to study the frequency-dependent effects of MM waves (Fig. 5, where 1 is the
fork radiavor#®; 2 is tray; 3 1s water; 4 is the light beam; 5 is stirrer; and 5 is ink).
Tor mixzing in the inner volume of the tray, into which the fork was placed, a vibrating
rlate (50 iz) was placed near the bottom of the trav. An ink drop was introduced through
& thin needle to the bottom of the tray, and the intensity of the light bean passing
through the space inside the "fork" was observed.

When the vibration intensity of the stirrer was not too large, the ink did not spread
throughout the entire volume, leaving the fop portion of the tray clear, After MM radia-
tion was turned on, the light transmittance decreased (Fig. 6), and the movement of the
ink upward along the teflon surrface could be observed visually, Remarkably, when microwave
radlation was turned off, the ink/water interface again leveled and light transmittance
was partly restored. Importantly, the convection causing the mixing of ink in these ex-
periments was observed when the power in the channel was Just 15 mW (the irradiator area

- 2 .
was 35 em®),

. The experiments with water and water solutions in trays commonly used in studies of
the bilological effects of MM radiation thus reveal convectional motion for radiation in-

tensities below 10 mW/cmz, which 1s usually described by many authors as "nonthermal."
Such’ convection caused by the forces of surface tension at the phase .Interfaces can be
either localized or encompassing the entire volume of the tray. Many biochemical and nar-
ticularly membrane processes are known to be sensitive to the mixing of the medium. TI:
nas been determined experimentally, for example, that low intensity MM radiation can-zc-

celerate the active tranéport of lons of Na.+ (P 21 mW/cmzl,'modify the erythrocyte mem-
brane permeability to K+ lons (1l=5 mW/cm2), accelerate the peroxide oxidation of un-
saturated fatty acids in liposomes (21 mW/cmz), increase the lonic conductivity of two-

layer lipid bilayer membranes (210 mW/cma), etc., [10,11]. The convection which removes
diffusional restrictions in the medium and inside the intracellular compartments can thus
be a primary mechanism of the action of MM waves on the vital processes.

Another effect has a direct relatidn to microwave technology. It has been noted
that, as water flows through a thin glass capillary inserted into a rectangular waveguide
in the area of the maximum E-field on Hl0 wWave, the water flow 1s affected by the intensity

of the wave passing through the waveguide. It has been deternined that MM radiation speeds
up the water flow; this allows using the capillary as an elementary thermoviscosimetric
sensor of microwave energy [12]. It seems that MM radiation, being absorbed in the thin
near-wall layer of the caplllary, affects the cohesion of the water with the wall, modi-
fying the motion of liquid through the capillary.

The sensitivity threshold of blological objects to low-intensity continuous MM ra-

liation 1is 1-10 mW/cmZ. Some of the effects are due to the substantial selective ab-
sorption of this radiation by water molecules, leading to 1liquid convection in this speci-
nen. (Convection 1s also responsible for variations in the transport of charged particles
ind various materials through membranes, which 1is of a major biological importance. These
:ffects must be taken into account when using low-intensity MM radiations for clinical
‘reatment of various diseases. The experiments on simple and model objects confirm the
tdea that the frequency-dependent (resonant) effects of M radiation are a property of
romplexly organized (live) biological objects.
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EDITIR'S FOREWARD -
I. V. Lebedey

Izvestiya VUZ. Radioelektronika,
Vol. 29, No. 10, p. 3, 1986 °

a2l 1ssue of the Journal, dedicated to microwave éléctronics, onen with swc
rs
.

This speci:
arzicles discussing the bilological effects of radiations in the millimeter band. Studies
in shls fleld in <he USSR and abroad have for s number ol rears attracted the interest o7
iilverse snecilalists - physicists, developers of vacuum and solld-state microwave devices,
biologists, and medical scientists. The data and the possible explanations oflered in
these vpapers (some of which may be debatable) will promote further progress in this vital
area, which stretches far beyond the conventional framewdrkﬂijelectronics. T Ll

N iee it e Sl E

a3 usual, much attention in this issue is given to solld-state nmicrovave devices.
Jne of the review articles discusses the general aspects of computer simulatisn of ncn-
iinear vrohlens of semiconductor mlicrowave electronics; another review deals wlth the cur-

rent problems in modeling of subriicronic fleld-effect transistors..,_In this conneccion,
one should emphasize the contribution likely to be made in this area by larse-scale ap=
ctlications of personal computers, as well as big mainframes, $0°'as to hasten the creation
and improvement of new solid-state microwave devices.wa;n“"“”‘““"* DLl

- FERY

“““““ o

Some of the articles and communications describe the curre
the pover of solid-state microwave devices and units. ::There is a paper presenting non-
linear analysis of a semiconductor delimiter - one of _the less.studled types of solid- .-
state nicrowave devices. Among other results published 1s research connected with the de-
velopment of wvarious types of solid-state oscillators,eamplifiers;Tbonverters, and control
units. The dramatic advances we are currently witnessing in microwave.transistors, es-
peclally fleld-effect transistors, and their expansion. into-the ‘millimeter wave bands,
offer a nevw perspective for the creation of various radio engineering systems. ‘The in-
terpenetration of the methods of microwave technology and superhigh-speed integrated cir-
cuits 1is further expanding the capabllities and applications of ,salid-state electronics.

- ’ oL e T Il sy e

Livelyr research 1s under way also in the field o vacuum milcrowave electronies, and
in particular, the development of effective methaods of computer:-analysis and syntheslils,
especlally the specific problems in the development of O=type and M<type devices. One
paper discusses the application of retardation systems in flelds of engineering not im-
mediately connected with electronic devices. The vast store aof :experience accunulated
with microwave electronics can be productively"ut;ligedﬂ}nAqghegdgpheres of the econony,.

L TS AT TR TR e O S

Some of the important trends of microwave electronics are not.cavered in the issue,
especlally the development of monolithie integrated miecrowave devices and units, which
offer broad opportunities for microminiaturization of microwave technology, raising the
rellability and cost effectiveness of these products. ;This’and:qgh areas of current in-
portance will be covered 1n the future lssues of the Journal. .uw™ i o -
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SIMILARITIES BETVEEN LIVING ORGANISHS !\Nb CERTAIN NMICROMAVE DEVICES
M. B. golant and T. B. Rebrova

Izvestiya VYUZ. Radioelektronika,
Vol. 29, No. 10, pp. 10-19, 1986

UDC 538.56:57:621.385.6

Vital functions of lilve organisms are discussed on the basls of published 2x-
perimental data concerning the effects of lower-power millimeter-band electro-
magnetic waves on these organlisms. Analogies with operation of microwave de=-
vices are drawn. -

In [1] the possibility was discussed of applying the concepts of radlcelectronics and
cybernetics to medical and biologlcal problems. The study was concerned with the general
aspects of organization of the control of complex systems, as they refer to utllization
of low (nonthermal) power milliter-band waves of electromagnetic radiation (EMR) 1n order
to mobilize forces 1n a live organism, to eliminate disbalances in its functioning, or to
prepare the organism for future detrimental impacts.

Parallels between the EMR effects on live organisms [2] and general operation regu-
larities of information systems have been drawn in [3,4]. These regularities, which de-
termine the cholce of the oscillatlion power and frequency, the requirements to oscillation
stability, radiation site and time, ete. [5], proved important in the EMR uses for medical =
treatments and in biotechnology. This universallty 1s connected with the fact that the
general patterns of operation of informatlon systems apply to different organisms and ac-
tions. Mechanisms triggered by control signals can differ substantially, depending on the
information content of the signals and the nature of the objects at which they are dl-

rected.

Can an analogy with the organization principles of a microwave device be useful for
understanding the operation of the informational processes in live organisms? We belileve
that 1t can, although such an analogy cannot be as complete as when one analyzes the gen-
eral patterns of operation of information systems. Here one can - cautiously - compare
the characteristics observed in experiments on live organisms with the characteristics of
microwave devices and units. Ample experience accumulated after flve decades of develop=-
ment of microwave technology can give clues to 1lnterpretation of the results. This possi-
bility 1s extremely valuable because of the insurmountable obstacles faced by attempts at

direct observations in thils area.

RESONANCE Ii CELL MEMBRANES

Considerable biological effects 1n various parts of the body, often quite remote from
the irradiated part of the body surface, can be produced by an infinitesimal EMR power.
This observation initlally suggested the possibility of some Ilnformatlonal function per-
formed by irradiaticn. What elements .-in the body respond to signals of such a high fre-

quency?

Theoretical analysis of the experimental facts connected with the EMR effects In live
>rganisms indicated early on that it is cells and cell elements, and especially membranes,
that respond to EMR action [6]. The fact that a very low power was sufficient for an in-

ccrmational impact [NOTE. Simple estimatesbased onthe totalnumber ofcells in the human body

(lOlu_LOl5) and the general thermal output of the body (measured by hundreds of watts)
show that mean power output of a cell is 0.5-5 pW; for bacteria, based on the ratio
f an organism's volume to the mean volume of the human cell, this power 1s lower Dby a

factor of 103. The density of the Dower flow absorbed by a cell during irradiation and
sufflicient Zor nroducing the blologi: effect (see, e.n., [3,9]), adjusting for absorp-
© 1986 by Allerton Press, inc.
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ither the cells, under certain biological conditions, exist 1n a state close to

ing shreshold of signal generation or, even before the EMR actlon, such genedation
ikes place in the cells. In the former case, the generation of an Information signal by
che cell is simllar to signal amplification in a regenerating amplifler {6]; in the latter,
-he ‘unctlon of the EMR is to synchronize signals generated by a large number of oscilla-
zors [7]. In view of the instability of regenerating ampliflers, as contrasted against

the stapbility and reliabllity of functioning of live organisms, the mechanism determined

by synchronization of a large number of oscillatlons appears more natural.
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45 nhas been demonstrated in [1l], a2 notion of such osclllators 1s provided by the
fine structure of the spectra of EMR-induced effects ([8,12,13] (Fig. 1), due to the possi-
2ility of inducing in lipilid cell membranes acoustlc waves o the whispering gallery (waves
not radlated into the external environment because of the complete internal reflecticn).
Data in [14] on the elastic modulus of distension of cell membranes Ke (X ~ 0.45 I/m)} and

she thickness Ay of their hydrophobic region (AM = 310'9 mm) make it possible to estimate
-he velocity vZ of acoustic waves traveling along the membrane

v, & (Ko/pA)™®,

~~
j
~—

wnere g is the density of the lipid (fatty) layer, which for the evaluatlion can be set at

300 kg/m3.

The value of v, computed with (1) 1s approximately 400 m/sec.: The membranes of cer-

tain cells and subcellular elements are cylindrical [15,16]. If the osclllations are ex-
cited along the perimeter of the side surface of the cylinders, thelr resonance condition
will require that the parameter wnd (where 4 1s the dlameter of the ¢ylinder) be equal to
an integer I of the length of acoustic waves A

“ A=Vdf (2)
(where £ 1s the oscillation frequency),
N = ad/A, (3)
f= N (KJ/pAg)®® (nd)~". : _ (3")

The frequency dilversity Af of two neighboring resonances corresponds to a change of
N by 1 and 1s equal to .

[ | = 0y/nd 2 (K, /pb)™ (ad) ™. ] ()

Cellular membranes are polarized, and each has a constant potential difference corre-

sponding to a fleld intensity of the order of lO7 V/m. The acoustic vibrations deforming
the menbrane, therefore, induce a variable electric fleld, forming an acoustic-electric
wave. The spatial period of the variable component of the electric fleld 1s equal to the
wavelength of acoustic oscillations determined by (2). For example, for E. coli, which
has the dlameter of about 0.65 pm [15], when the excitation is produced by wavelength in
the free space of X % 6.5 mm (corresponding to f =~ 46,1 GHz), the wavelength in the menm-
brane A will be approximately equal to 100 . The electrical length N of the perimeter,
according to (3), 1s close to 200. The variation AX of the wavelength in the free space

or M corresponding to Af, defined by (4), is aXx = 3-].0-2 mm. This practically coilncides

%y
a0 . ‘ .
20
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with the experimental data [8] (Fig. 1).

™

Flgure 1 plots the synthesis induction coefficient Ki vs. A during irradiation of z.

zoli culture., Similar estimates for yeast cultures based on spectra published in [12]
{(Fig. 2) show that this spectrum represents the osclllations of the outer membrane, while
vhe spectrum published in [13] (Fig. 3) refers to vibrations of mitochondria membranes.

Flgure 2 plots the normalized rate of growth of the yeast culture irradiated by EMR
vs. f; Fig. 3 plots the dependence on A of the change 1n the number of carrisr sites after
mice are exposed to EMR combined with X-rays (the curve PMD + R), as compared with change
in the number of carrier sites after irradiation with X=rays alone {(curve R): X 1s cthe
control.

t 1s not only the quantitative fit of the calculated and experimental spectrum that
ls essential. The cognitive significance of this analysis 1s even more important.

First of all, it clarifies why the lines in the spectra are narrow despite the sub-
stantial losses in the bilological media, and explains the presence of many bands in the
spectra which correspond to similar blological effect. Both these observations are at-
tributable to the fact that cell membranes exposed to acoustic vibrations are resonance
systems in which a large number of oscillation types can be induced; some of them (with
similar values of N) are similar in the type of fields that are indueced. In the analysis
of the effect spectra shown in Figs. 1-3, one should take into account that these are sub-
stantially nonlinear relationships between the bodlly effects and the information param-
2ters. It should also be noted that in the elementary case of a cylindrical membrane
saken for i1llustration, we discuss types of oscillatlons that differ in Just one parameter
N\ for the sake of clarity. 1In reality, membrane shapes can be complex. with corresponding
ribrations characterized generally by more than one parameter. For example, in Fig. 3,
;Wwo seriles  of lines with a similar period can be distinguished, which are shifted relative
;0 each other., Different series of resonance bands can correspond to different cell mem-
ranes (see below, the last section) and can be stimulated in different subbands.

It becomes also clearly why the blological effect of EMR on a healthy cell is weak
‘within the natural scatter of the functional indlicator), and becomes manifested only af-
‘er several irradiation sessions [17]. The calculated value of wave veloclty v, ® 4oo

I/sec corresponds to the deceleration of the electromagnetic wave by almost a factor of
me million (reduction of the wave veloclty compared with the speed of light 1in vacuum).
‘he fleld 1s pressed tight to the membrane: the distance from the membrane surface at
thich the fleld amplitude 1s reduced by a factor of e for a wave A = 5 mm 1s approximately
qual to 10 &. 1In order .for such a system to become connected with a wave propagating in
he outer environment, speclal elements of connectilon are necessary., The organization of
‘hese elements 1s discussed in the next section. We will merely note here that such con-
lection elements arise onlyunder unfavorablebiological conditions, to which cells or cell
ystems respond by restructuring. Under normal conditions the membranes radlate almost no
1llimeter waves; accordingly, they can hardly perceive any external radiation. The highly
‘rganized energy of microwave vibrations 1s not wasted by the body; in terms of energy
088, there 1s no substantial difference between generation and regenerative amplifica-
ion.

Another theoretically and practically important experimental fact also becomes ex-
licable: under thesame experimentalconditions, itis not only the fine structure that is
haracterized by an exceedingly high reproducibility, but also the frequency values at
alch specific bilological effects are observed, desplte the fact that the dispersion of
he cell sizes and subcellular elements is fairly large. This happens because the value
£ VZ’ by virtue of (1), is affected by several parameters (the calculated value of v, ®

400 n/sec 1s found for mean values, and is itself an averaged estimate). By virtue of

: - 10
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(2), A for a fixed [ 1s proportiénal to Vi and so for given N and f, the value of d (see
(3)) will zlso vary in proportion to vy Changes in the number of wavelengths N (for a

L*xed £) on the perimeter of a membrane are unllkely under theconditions ofthe experiment.
"he menbrane Is bullt successively of separate "blocks" - molecules. In the construction
of cellular structures, one error occurs per 102 construction motions [18]. On the other
nand, there is a very small number of molecules per one wavelength [16], so that even when
:nousands of wavelengths can be fitted along the membrane perimeter, a change of the num-
ber of molecules along the perimeter of a membrane in the course of its construction is
sractically ruled cut f{or any significant number of cells. If the number of molecules 1is
the sarne, the values of vy and A, In conformity with the analysis of (1) and (2), and the

parameters appearing in (1), will be affected solely by the density of the packing of
molacules; the changes in this density will produce variations of A and 4 proportional to

one another,

The informational action of EMR on cells appears to be connected with f largely
through N, because it 1s N which determines the character and direction of forces in the
natural system of coordinates tied to the membrane. In particular, the fine and flexible
control of cells functions, by varying f can bhe due to the fact that with a large number
of 'oscillations characterized by small variations of N and respective fleld confilgurations,
a fairly smooth regulation of cellular processes can be achleved. The excitation of mem-
branes has been studied extensively (see, e.g., [16]). In view of the small value of Vs

the mechanlsm of long-term or multiple interaction of the variable electric field of the
membrane with charges connected with protein molecules described in [16] seems probable.
In electronic devices, long-term and multiple interactions of charges with a microwave
fleld are quite common (see, e.g., [19]). In.resonance systéms closed in fleld and in
current, such as the electrodynamic system of a multiresonator magnetron, excitations are
guite easy to induce (it 1s this kind of system that a membrane should provide for the
oscillations closed in a ring and excited in 1t). The current necessary for stimulating
Jscillations would be determined by the quallty of the energy loss 1n the system for a
certain amplitude of the microwave fleld and the energy released Into this fleld by the
charges., The charges, connected with proteln molecules oscillating at their resonant fre-
quencles (due to the metabollsm energy), have, because of a large molecular welight of pro-
cein molecules, considerable stored energy which they can pass on to the membrane's micro-
vave fleld in the course of Interaction. The oscillations of single protein molecules can
ce likened to vibrations of a spring which responds by attenuating vibrations at the natu-
ral resonant frequency to any nonperiodic perturbation.. For coherent vibrations to be ex-
tited in a membrane, the vibrations of the individual oscillators, however, should be co-
*hasic. Since the polarization of membranes 1s necessary for acoustoelectric waves to be
2xcited in them it 1s necessary for signal generation in the membrane. This process can
ce depleted as the phasing of protein oscillators linked with the membrane by the acoustic
tomponent of the wave fleld associated with transfer of energy of these oscillators to the
vave; the electric component of the wave interacts with the charges associated with pro-
¢ein molecules. Another legiltimate hypothesils 1s that the mechanism 1s inverse: the
thasing of the vibrations of the electrical component of the wave field in the membrane
wnd the transfer of the energy of oscillators of its acoustic component.

»

The energy spent to phase the vibrations of the oscilliators is small compared with
their own energy ([7]. Since losses in the lipid membrane are relatively small, we can
*onclude that a small number of proteiln oscillators would be sufficient for signal genera-
'~on with this mechanism. When the cell, however, is subjected to unfavorable impacts
imaking it necessary to radiate signals controllin? the recovery processes), proteins
‘rom the cytoplasm are drawn toward the membrane and become associated in it [20]; this
“hould inerease the current and, therefore, the magnitude of oscillations induced in the
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CONNECTION BETWEEN ELECTROMAGHETIC OSCILLATIONS EXCITED
IN CELL MENBRANES AND THE ENVIRONMENT

-~

In a normally functioning organism the electromagnetic vibrations induced in cell
membranes practically do not interact with the environment, because the fields are presses
tight to the membrane surface. EMR irradiated into the environment or percelved from out-
slde are negligibly small. While any connection with the environment would mean a waste
of energy for a normally functioning organism, it may become necessary when the normal
functioning of cells is disrupted. It could help processes aimed at eliminating the dis-

ruptions or adapting to changed functional conditions.

How are vibrations in the membrane connécted with the environment? Of interest in
this context are the so-called temporary structures that appear on membranes only during
the restructuring of the function and later disappear. Could these structures funcetion
as comnunication elements? Experience with multiresonator magnetrons, where the field
structure, to some extent, 1s similar to the above-described fleld structure in an excited
membrane (an integral number of lengths of slow waves in both cases fit into the circle of
the resonating system), suggests that interaction with this fleld could be arranged with
the aid of a probe connected with the field of one of the standing waves in the systen.

The cormunication elements, placed at a distance equal to the wavelength of the slow wave
from one another, introduce a greater load into the system; they effectuate the connecticns
with the crests of waves corresponding to the same phase of the oscillation. A& study of
the behavior of cells exposed to unfavorable factors under an electron microscope showed
[20] that membrane surfaces developed septa - periodic protrusions shifted relative to

each other by approximately 100 ﬁ, i.e., the value of the slow wavelength A estimated in
the preceding section. For evaluating the size of these protrusions it should be noted
that 1f the oscillations are moved away from the_membrane (where they occur in the same
phase) to a distance of just about A/27 from the surface (i.e., a distance of about 10 ﬁ),
then an ordinary time-variable field will be excited outside of the membrane. A decrease
in the amplitude of this fileld with the increased distance from the site of excitation

will no longer be assoclated with the total internal reflection but mainly with the active
losses iy the environment. It 1s through these protrusions or septa that the primary con-
tact occurs between the membranes, brought closer together by the unfavorable impacts (Fig.
4): the protrusions reduce the degree of fleld attenuation since the distance from the
surface at these points is shorter; as a result, interaction can be established at a greater
overall distance. Figure 4 [20] 1s a dlagram of the process of reactive restructuring of
membranes after belng exposed to a variable field: a) formaticn of protrusions; b) pulling
together of membranes; 1) membranes; 2) material adhering to the membrane; and 3) inter-

membrane gap.

One might think that since, according to (2), A is frequency dependent, a specific
distance between the protrusions, if it could be tied to the field configuration, would
indicate that the communication between them is of a narrow band type. The real number
of protrusions in perilodlc sequences, however, is relatively small (up to 5-6) and they
vary notilceably in shape [20]. They can be used, therefore, for communication in a very
broad frequency band for interseptal distances equal to the mean A for this band. Be-
sides, variations in the degree of connection in a broadband affect little the informa-
tional effect. The latter depends little on the signal amplitude [4]. The degree of con-
nection in case of an underloaded generator changes the radiated power relatively slowly -

(191,

The existence of a connection between the periodic membrane structures and the elec-
Cromagnetlc fleld is supported also by the fact that these structures arise in areas where
membranes cup out; this cupping ocut of itself provides some connection (although very weak
in the absence of septa) between the high-frequency fields in the membrane and in the en-

vironment,

Similar results have been obtained in a different way in [21]. The study was con-
cerned with the lnteraction between cells (erythrocytes) in a medium into which long-~fiber
polyethylene oxide molecules were introduced. In terms of the above scheme, these mole-
cules could operate as communication elements for removing the microwave energy from the
membrane surface. After the molecules were introduced into the medium the maximum distance
between the cells at which an intercellular interaction could be observed greatly in-
creased. The optimum concentration of polyethyloxide molecule (corresponding to the maxi-
mum intercellular interaction) was achieved with an intermolecular distance of about 40 .
It should be noted that, first, the ends of all molecules are not situated in the same
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£lane and are not in contact with the membrane surface. The mean distance between thern,
neasured along the membrane surface, should’be tlose to the distance measursd perpendicular
20 this surface. Secondly, the reglon of a "field -with a noticeable amplitude (smaller than
-he amplitude at a surface by not more thsah by a factor of 10) is greater than A/2T by
nearly 2.5 tines and equals approximately 40 K. This means that the fleld region with the
larzer amplitude includes moclecules separated by distance of about 100 & rather than just
10 3. These experiments, too, confirm that the optimal spacing between communication ele-

ments 1s close to the length of the slow wave A estimated above.

The match of the data of three qualitatively different methods of study of the posi-
tion of elements which could serve for communicatlon between the cell environment and the
osclllations in the membrane supports the hypothesis that variable flelds are induced in
“he menbrane and the possible system of connectlion with these membranes.

A minor asymmetry can be observed in a normally functioning cell as well. Tt may be
responsible for the observed slow reconstruction of function in healthy cells exposed to
2xternal EIIR (which probably occurs during several irradiation sessions). The function
s modifled within the range that is characteristic of the blological species concerned.

CONTROL OF CELLULAR PROCESSES BY MEMBRANES

In orderco completethis description,we willdlscuss ina generalform howthe informaticn
ried by configurations of flelds induced in a membrare can cause modifications in the
1 and how 1t can be transmitted within the body. .

In [23] a theoretical analysis of the effects of ponderomotive forces excited by vari-
able electromagnetic fields was performed. "It studied the influence of these flelds on the
formation of so-called cytoskeleton 1n the cell - a net of threadlike formations capturing
speciflc types of molecules and transporting them to the site of thelr action. Once the
cellular structure has been bullt, the ecytoskeleton decays. In [18] this theory was re-
fined, specifying that the address of each action 1s determined by the intersection of the
threadllke structures. The authors of [18,23] rested their hypothesis on the experiments
in the IR band, but extended (without special analysis) their conclusion to EMR actions
in live organisms. At first glance, the hypothesis agrees with the conclusions of the pre-
ceding sections: a fleld configuration induced in awmembrane by EMR causes filiform for-
mations in the cell in conformity with the type of the osclllations induced. The cross-
points of the flliform formations in the cell are shifted when the type of oscillation is
modified, which, according to [18], should change the sites and type of the processes that
occur. Whether the signals are generated by the organism or received fron outside in this

case 1s lmmaterial.

This description, however, 1s at variance with microwave electrodynamics. Cells are
not larger than a few micrometers in size and are filled with a medium which has a dilelec-
tric constant close to that of water. A minimal cross section of the wavegulde channels
for millimeter waves in such a medium should be larger than the cell size by many tinmes,

A more likely explanation can be based on processes on the surfaces of membranes.
fhere 1s a large number of membranes in a cell: in addition to the external membrane, which
ls the cell's sheath (the so-called plasmatic membrane), subcellular particles are also
surrounded by theilr own membranes. Among these are the mitochondria (which function as
‘he powerhouses of the cell) and the lysosomes (which contain the enzymes splitting pro-
'eins, nucleic acids, and other substances). Additional membranes develop and decay in
‘he course of a cell's funetioning when the cell 1is exposed to unfavorable impacts. Mul-
‘llayer membrane structures and small bodies are formed sometimes to provide a contact
20]. Of special importance in this context 1s the fact that 1t 1s on the membrane sur-
ace that many of the processes determining the cell functilon take place [16]. 1In par-
‘lcular, membranes influence the enzymatic activity and coordinate the chemlcal reactions
islde the cells. Membranes also take part in intercellular coordination - the transmis-
ion of information from one cell to another on contact, as well as in intracellular com-
unications. The intermembrane contact 1itself can result from active motions of membranes
-5soclated with the vibrations excited in them. In their capacity of a coordinator of
Atracellular activity and intercellular Interactions, membranes are in a continuous state

T motion and change. This 1s probably how the informational effects of EMR are produced:
7 arfecting the patterns of acoustoelectrical osclllations in the membrane, the radiation
an regular the processes in the cells; through processes at the cellular level, it can
Ifect the functlioning of complex multicellular organisms. The targets of regulation would
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she other; this process would be affected not only by the type of contact but by the grs.

tribuvion of the flelds as well,

Judzing by the morphological descriptions of temporary changes in the cells exposed
to unfavorable impacts, the_so-called endoplasmatic network (a system of interlinked de-
formed membrane elements) and deformations of this network can be an important factor in
conirolling the processes almed at recovering normal vital functions.,

A detailsd description of the processes 1s still beyond the grasp of investigators,
out their vital importange for the cell and the organism 1s unquestionable.

In short, the features and regularities of the functioning of  microwave devices, when
applied to studies of the effects of electromagnetic vibrations on control processes in
- live organlsms, can shed light on at least some of these processes. 1In particular, they
Provide a better understanding of the following:

= the influence of the oscillation frequency on these Processes (the role orf reso=-
nances in the form orf oscillatlions induced in the membranes);

- the linited influence of further lncreases of the EMR power on these processes
(since they occur as synchronization of membrane oscillations rather than by power im-
pacts on cellular processes) once the power 1s above a certain threshold;

= the need for long~term irradiation to obtain a residual biological effect (this
concerns restructuring in the cells, which consumes eénergy and requires material to be
brought to the site of action in the course of metabollic processes).

A single ‘study can make only a limited contribution1u>understanding these exceedingly
complex and little-investigated processes, which emphasizgs the Ilmportance of continuing

this research.
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RADIOELECTRONICS AND MEDICINE (ON SCOPE FOR USING CERTAIN ANALOGIES)
N. D. Devyatkov, M. B. Golant, and T. B. Rebrova ' -

" Izvestiya VUZ. Radioelektronika,
" Vol. 25, No. 9, pp. 3-8, 1982

upc 621.38:61

Large radio-electronic systems and living organisms are both complex systems
(albeit of very different degrees of complexity), and a great role 1s played by
informational aspects in ensuring thelr long-term uninterrupted operation. -
3ince radio-electronic systems are incomparably simpler than 1living organisms,
the ways of studying them and ensuring their reliable operatlon are vastly simp-
ler. It 1s suggested that, on the basis of analogles, the approach to the solu-
tion of medical-biological problems can in certalin cases be simplified. :

With the wide use of radio-electronics and cybernetics 1t has become possible to cre-
ate a new apparatus playing a revolutionary role in modern medlclne and blology. The range
of application of the new apparatus 1s so vast that 1t can scarcely be surveyed In a single
article. Nevertheless, there 1s one 1ink between these sciences that 1s only Just start-
ing to be develcped, though 1t may well prove very frultful -in the future. We are speak-

and cybernetlcs, and on the pasis of analogies, devising new approaches to the solutlon of
medical-biological problems. But let us emphasize at the outset that only a few aspects

of this vast and many-slded toplc can be mentioned here. H

Radio-electronics 1s concerned at present with devising complex multielement systems
suitable for long-term uninterrupted operation in varying external conditions. Living or-
ganisms (primarily men) are 1ikewise complex systems (though much more complex), often with
a very long life. This means from the physical poilnt of view that the ordering and organl-
zation of the systems have to be preserved or restored while in contact with the external
medium, and that their entropy (a measure of thelr lack of order) has %o lncrease extremely
slowly [1]. We need to consider the maln conditions for long-term preservation of the
ordering of a large system. In principle, the following conditions refery, not only to
electronic systems and living organisms, but also to any large stably operating systems,
such as e.g., undertakings with external connectlons:. -

.

a) we need a material and energy supply from outside for the system, to make good 1ts
energy consumption and to replace elements that have ceased to perform their function;

b) we need reserves such that, on the one hand, partially falled elements can be kept
at the operating level needed for maintaining operation of the system as a whole, and on
the other hand, so that reserves of certain elements can be mobillzed In order to compen-

sate for poor operation of others;

¢) we need circults for obtalning and transmitting data about all variatioﬁs inside
and outside the system, so that the system can adequately respond to these varlations;

d) we need central and peripheral control circults, and automatic feedback loops for
controlling the system response to internal and external variations;

e) we need a sensitive display whereby processes unfavorable to the system can be de-
tected in their early development stage and the data obtained used for adjusting the system,
so as either to stop the further development of these processes aor to prepare the system

for operation in the new conditions. . , -

The approach to the living organism as a unifiled, data-connected and data-controlled
system, implies the first importance of data aspects when solving medical and blological
problems. While this 1s obvious in principle, the ways of going over from general ideas
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comparatively speaking, in electronies: many unsolved or only partially solved problems
stlll need to be studied. We need to know how the data systems of the organism operate,
what sort of scope they have, and how medical interference can assist the operation of the

data systems, etc.

- To the extent to which the data signals in the organism are electrical (The data
System is not solely concerned with electrical signals. 1In particular, an important role
is played by data transmission by humoral agents. But we shall only deal here with elec-
tromagnetic oscillations.) and the problems concern the "electronic® properties of the
living organism, the ways of studying the problems must also be "electronic,” 1i.e., they
must involve a study of spectral characteristics, and of nonlinear and modulation proper-
ties etec. An important step forward was made in [2] with the proof (based on analysis of
many experimental data) of some basic laws governing the lnteraction of low-power electro-
magnetic osclllations (EMO) with living organisms. The two main laws are:

b) the sharply resonant response of living organisms to low-power EMO radiation (We
are only speaking here of signal frequencies at which the energy of the quanta is insuffi-
clent for disrupting the molecular bonds.); the relative frequency bandwidth in which a pre—
Sponse 1s seen usually does not exceed tenths of one percent; often a numher of mutually
displaced bands is observed, in which the biological object has a similar response.’

The nature of these laws has been dlscussed in various Russian and foreign publica-
tlons, e.g., [3, 4, 5]. 1In particular, 1t was suggested in [3, 5], on the basls of a com-
parison with technical cybernetic systems, that. the Ffirst law is linked.with the informa-
tional nature of the weak EMO signal action on the living organism and is determined by

the rellability of operation of the organism data system.

On the other hand, information on the state and operation of. the different organs and
systems of the organism 1s contained in the spectrum of the signals generated hy the or-
ganlsm; to each variation of the state or type of activity there ecorrespond specific spec-
trum variations. The spectrum extends from very low to (at least in some cases) ultravio-
let frequencies [11]. A speclal role is played by the lines in the infrared part of the
spectrum, i.e., in the viecinity of the maximum of thermal radiation at the organism tem-
perature. This 1is confirmed by the determination and analysis of Raman spectra [6, 7] of
living organisms, which include a number of pronounced lines in the infrared part, and also
thelr harmonics and combination frequencies. 1In [4], the author summarizes many years of
theoretical study, and gives a detailed Justification of the hypothesis that the direct
action of low-power- EMO on the living organism Is linked with collective excitations of
certain structural elements of the organism (Both the author of [4] and many other foreign
or Russian authors assign a big role in the perception of excltatlons to cellular mem~
branes.); the quasi-particles characterizing these excitations behave like Bosons, i.e.,

are subject to Bose statistiles,

The threshold power needed for response to irradiation 1s determined hy the transi-
tion from excitation of noise osclllations to excitation of coherent high-amplitude oscilla-
tions at a mode of codllective excitatlon. The presence of this kind of excitation remote
. from absolute zero [8] in the living organism becomes possible as a result of material ex-

change and energy transformation, whereby, in the neighborhood of certain frequencies,
energy loss in the data transmission system and data signal processing system can be com-
pensated. But, as was earlier pointed out in [1], in conditions of compensation of energy
loss by the source, any system can ‘behave like a system operating in the neighborhood of

absolute zero.

Notlce also, see [9], where action of frequency-modulated low power EMO slignals on the
living organism was studied, that the frequencies at which a. response to weak signal radia-
tion is seen, can differ slightly (by approx. 0.001 of the basic frequency) according to
the irradiated part of the body. It was also shown that the bandwidth (likewise 0.001 of
the basic frequency) in which the organism responds to lrradiation, is determined by the
presence of several oscillators with displaced frequencies, and hence low~-amplitude fre-

- quency modulated irradlation can lead to some increase in the organism response. '

These and other experimental and theoretical studies have somewhat clarified the ways
possible for medical interference in the operation of the data systems of an organism. The

. 2 |
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(usually low-level) signals functioning through the data systems of the organism are called data -
signals [3, 5]. Itis natural to askwhat the function of these signals 1s. A general answer
might be as follows: to mobilize the reserves of the organism when, for some reason, the
normally functloning data system cannot perform this: task itself (Data have so far been
published only on certaln data EMO signals and the nature of thelr mobilizing action on the’
organism. The experimental data refer mainly to protective action of EMO on hemopoiesis,
action on malignant neoplasms, ophthalmological diseases, .trauma, and certain heart-vascu-
lar diseases etc. But we can in principle expect that, as research widens, the range of
these signals will be extended and the scope for mobllizing the reserves of the organism
will correspondingly be seen to increase.), This 1is to some extent similar to adjustment
of the feedback loops of an electronic system in order better to moblilize the reserves

built inté the system. . g .o

This answer can appear unassuming at first'sight:'wemmérely use the signals so that
the organism fully performs its functions, admittedly, in varying conditions. But it has
to be borne in mind, first, that the prime task of medical interference. is to restore the
organism to 1ts normal state. Second, any of the present popular medical facilities are
preclsely aimed at assisting the organism in 1its struggle with 11llness, and not at its sub-
stitutlon, so that, from this point of view, the data signals present no exceptions. Third£
ly and most important, the vast reserve potentials of 'the organism have tobe borne inmind. - ;
By gradual training a man can be taught to withstand‘cold,'heat, oxygen deflciency in moun- j
tains, to consume a small amount of food and moisture; to maintain large physical locads, to “
accelerate regenerative action, ete. To reallze these possibilities, slow adjustment of i
the organism 1s needed, specially of its system of internal feedbacks.(We are Speaking here J
of gradual adjustment in connection with changes .in conditions of existence, though it has |
to be remembered that similar adjustments can be caused by psychological attitudes (also ) i
long-term). For instance, there are the wldely known "self-adjustments" of logov to long- '
term oxygen defleiency, or to enormous static loads reaching several .tons, etc.). But medi-
cine 1s often concerned with cases when sudden disruptions do not leave time for slow adap-
tatlon and adjustment of the organism, and its reserves cannot be brought into action in )
natural conditions. This 1s sensible starting-point for using data signals, whereby the
adjustment of the organism can be accelerated many times. 1In.[5], from analysis of examples
of EMO data signals remembered by the organlsm, 1t 1s concluded that the organlsm mobilizes
them for overcoming factors unfavorable to its operation. .'Naturally, the data 8ignals can
also prove useful when the data communication circults are destroyed and external signals !
are used for replacing those that do not arrive over the-natural channels. . . - i’

Discovery of the effects of data slgnals on adjustment of the organism can be asaisted |
by experiments in which the organism 1s irradiated by square pulse amplitude-modulated EMO
signals [10]. Even earlier, in [2, 5], 1t was established that often, when data stimula-
tion 1s realized by continuous EMO, fairly long-term (not less than an hour in (2, 5]) irra-
diation 1s needed. In [10] the biologlcal results of stimulation were compared for two ‘
types of irradiation. The first type was continuous, using a'generator with power only
20-30% above the threshold required for obtaining a bilological effect, so that any signifi-
cant power reduction or reductlon of irradiation time to under 45 mins, leads to vanishing
of the effect. The second was ‘the square pulse amplitude-modulated mode of the same genera-

tor; pulse duration was 1.6-1073 sec, repetition period was 0.01 sec, and pulse power was
equal to the power in the first (continuous) mode. ' It was found that the biologieal effect
1s virtually the same for an hour's irradiation in either mode. .This shows that the living

erganism requires a short time (at most 10'3'sec) for response to irradation, whereas re-
laxation from the stimulated state requlres over 0.0l sec. As a result, the pulse and con-
tinuous modes give the same biological effect. Relatively long<-term irradation 1s needed
for certain systems of the organism to adjust, thereby producing. & memory of the,stimulps. }

With ‘continuously varying conditions of exlstence, and with breaks of the data connec-
tions, the organism has.to adjust itself continuously,.often quite rapidly in the cases '
vhere medicine 1s concerned. It can therefore be expected that there will be increased use
)if data EMO stimuli in medicine as research progresses (It may be mentioned incidentally
that the organism usually becomes accustomed to any medical stimull, presumably due to its
adaptabllity to any external factors demanding adjustment of its operation. But so far,

10 adaptation to data EMO stimull has been observed.. This 1s posslbly because data communi -
‘ation 1s realized 1n the organism by similar signals, and the organism adapts to them sim-

21y by "not noticing" them.).
Let us touch on the last of the above—mehtiohed-conditions for long-term uninterrupted

peration of a large system, namely, the presence of circuits for obtaining information
sbout all the changes affecting the system operation. By obyaining ;n;o?mation about faults
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that are just starting, before they have had time to effect the operation of an electronic
system, we can take measures (such as replacing certailn units or adjusting the system,
ete.) in good time and ‘thereby avoid failure of the System operation. Hence more and more
attentlon 1s being paid to ways of obtalning such early information when designing high-

reliability systems. :
In the same way, early diagnols 1s well known to Simplify the treatment of sick people.
Disease 1s usually first indicated by painful sensations, the llving organism being equippeg
with a data system uniqué in its universality for supplying data on the presence of disease,
Yet there are times when the erganism starts to perceive slgns of disease too late (e.g.,
in the case of appearance of malignant neoplasms), in which cases cure becomes more diffi-
cult. For various reasons, prophylactic inspections only partially fill this gap. But it
can be predicted that, with further s8tudy and development of EMO data stimull, we shall be
.able to use the organism’s data system 1ltself for early dlagnosis, as a result of increas-

ing 1ts sensitivity short-term. - R

P A

It should be mentioned in conclusion that the problems of ensuring long-term uninter-
rupted operation of a large complex system, regardless of 1ts nature or function, have
several common aspects, notably. informational. Modern complex electronic systems, like
living organisms, belong to the class of large systems. It has therefore been premised
above that, in spite of a vast difference in thelr degrees of complexlty, there can be
obvious analogles ln the approach to the Study and furnishing of conditions for reliable
operation, of these systems. For the simpler and more readily inspected electronic sys-
tems, the solutions of many problems can be found more easily, By analogy, such solutions
can contribute to new approaches to medical-biological problems. This should be a further
trend in the penetration of radio-ele¢tronics into medicine.
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Acoustic detection of absorption of electromagnetic radiation 961
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962 I. G. Pounikov and A. V. PurvInskn Acoustic

Obviously to solve the problem of the mechanisms of the biological action of mm waves the
first need is to establish whether the frequency dependence of absorption of energy of this radiation
exists in bio-objects. In the present work to control absorption it is proposed that the method of
acoustic detection of absorbed power (a.d.a.p.) is used —based on recording the thermo-elastic vibra-
tions induced by absorption of modulated radiation. Such measurements have already been practi-
cally mastered in the optical range (photo-acoustic spectroscopy) [S]. It is interesting to note that the ruonal to the absc
phenomenon of thermoelastic transformation of the radiation to sound itself is also known in electro- | \ emitters are mos

magnetic biology: on absorption of the pulses of a w.h.f. field in the tissues of the head the human : fihiowed that in this
subject hears so-called “radio sound" [6]. TR
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a—rectangular quartz cuvette {1 mm thick) filled with water and positioned in the near zon¢ © ' are grateful

horn (U is the signal of the piezo detector at the rear wall of the cuvette); b— polyethylenc capl : 36

(internal diameter 07 mm) with water passing through the waveguide (U is the signal of the B b

phone inserted into the capillary at a distance 1 cm from the waveguide); c—is the skin of the B - ¥ot-Thermal

hand (between the horn and the skin is a well harmonizing fluoroplast gas microphone cell: 4 ois ‘ Yeyyatkov) zzé

phase shift between the modulating and acoustic signals). . S ‘ ' lnw Inte

The experimental apparatus was assembled on the basis of a LOV-55 with the k.h f ‘;: ' S e A. et ol

(5:2x 2:6 mm?) and included the necessary instruments for controlling and stabilizing the EONNY Hxritations in Bi

power and frequency (35-53 GHz), low frequency modulation (2-1000 Hz) using P-i-N-4 i #

tho LOV grid. The rate of the sweep of the radiation frequency. 1~10. MHz/min. The r ecordiss RN, Ay Ady. .
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sted Of piczoceramic detectors, condenser microphones, narrow band electrically tuned filters
4 that el 8 UPI-2 synchronous quadrature detector. The amplitude of the acoustic signal was recorded
osed that thify 7
. o 1

o-coordinate automatic recorder.
The thermoelastic vibrations on absorption of mm radiation are generated in the object itself
in the air layer next to the absorbing surface. In both cases the amplitude of the acoustic signgl
ortional to the absorbed power of radiation [5]. We used both variants of a.d.a.p.
P :l':!m emitters are most often used to irradiate biological objects with mm waves. Our experi-
ts showed that in this case a marked pattern of the frequency dependence may be observed if
object is in the near zone of the horn (Figure, a). This curve with extremes points to the frequency
dence of the harmonization of the k.h.f. circuit with the object based on the muitimode inter-
in the near zone of the horn. It is important to note that the phenomenon discussed is not
cd in the frequency dependence of the power reflected in the circuit and, therefore, may be
< of artefacts in the evaluation based on waveguide measurements of the radiation absorbed
in the object, that is, on detection of the action spectra.

To irradiate the solutions or cell suspensions a different method was sometimes used: a capillary
s introduced into the waveguide through non-emitting apertures, According to the a.d.a.p. data
"s certain frequency .the maximum release of k.h.f. power in the capillary with an aqueous medium
ypay 8lso be observed in this case (Figure, ). This effect described in (7] is due to the transformation
of the main mode to other types of waves and may be noted during careful measurements in the

fis also know
'3 of the b

]

¢ss
caus

i . it.

—— ¥ If the irradiated object is a layered structure then as shown by theoretical analysis [8] unevenness
' and the frequency dependence of the release of k.h.f. power over the layers as a result of interference
cficcts are possible. Is the frequency dependence of the action of mm radiation on the human body
got linked with this on irradiation of reflexogenic zones? The a.d.a.p. method makes it possible to
mvestigate the frequency dependence of the depth of penetration and the absorption profile of the
gam waves in human skin since the dependence of the acoustic response on the modulation frequency
v : of emission, in principle, carries full information on the field distribution pattern in the skin (if, of
vy B _ourse, its thermodynamic characteristics are known).

' In secking to detect changes in the depth of penetration of mm emission into the human skin
. with change in wavelength we simply recorded by the gas microphone method the frequency de-
_ : pendence of the phase difference of the modulating and acoustic signals. Evidently this parameter is
determined by the time of diffusion of heat to the skin surface and is greater the deeper the radiation
penetrates. It was found that in conditions of careful harmonization of the horm with the skin
(when the effects as in the Figure, a, are excluded) the phase shift monotonically drops with increase
in the frequency of mm emission (Figure, c). This evidently simply reflects increase in the absorption
eoefficient of the mm waves in the skin, namely its aqueous component. In our view this fact indi-
cites the absence of special features of the frequency dependence of absorption of mm emission
in the skin due to its complex heterogeneous structure. _

Thus, the control of the absorbed power by the a.d.a.p. method may serve for correct investi-

e S
hGhz

emission imp! gition of the action spectra of mm. waves in experiments In vitro and in vivo.
d in the near The authors are grateful to V. B. Sandomirskii for assistance in mastering the a.d.a.p. method.
y— polyethylens
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POPULATION DYNAMICS OF PROLIFERATING CELLS
ON PERIODIC PHASE-SPECIFIC EXPOSURE*

B. F. DiBrov, YE. V. GEL'’FAND, A. M. ZHABOTINSKII,
Yu. A. NelrFakH and M. P. OrLova

All-Union Research Institute of the Technology and Safety of Medicinals,
Kupavna (Moscow Region)

(Received 4 June 1987)

The dynamics of the population size of proliferating cells on periodic exposure to phase-
specific cytotoxic agents with a blocking and non-blocking action has been investigated
theoretically. It is shown that for real values of the parameters of the model soon after the start
of exposure the population size exponentially depends on time. The dependence of the
dynamics of the population size on the integral parameters of the cell cycle and the regime
of exposure has been studied. It is shown that in certain periods a resonance fall in the damage
to the cells of the population must be observed, It has been established that the values of
the periods corresponding to the resonance fall in damage are essentially determined by }h‘
mean duration of the cell cycle and the duration of the blocking action, for a short duratiod
they are approximately a multiple of the mean duration of the cell cycle. Experimental study
of the dependence of damage to the epithelium of the small intestine and the survival rat
of mice on the period of repeated periodic injections of a S-phase specific cytotoxic agent~
hydroxyurea —revealed a resonance increase in the survival of the mice and reduced damagé
to the epithelium on injections of this substance with periods close to the mean and doubl¢
the mean 'duration of the cell cycle of the enterocytes of the crypts.

IN antitumour chemotherapy and also in various experimental studies phase-specific prw“’;’:
are widely used, i.e. preparations the action of which extends only to cells in a certain phasc ©
cell cycle. Earlier when investigating mathematical models we were able to show that on pert
introduction of high doses of phase-specific cytotoxics there may be resonance dependence O
survival of the proliferating cells on the interval between administrations with resonance m "
of survival at intervals close to (or a multiple of) the mean duration of the cell cycle (). In [.

X ) o L e clioh
it was shown that this effect may be used to optimize the phase-specific cytotoxic actions it the .

- and, in particular, in tumour chemotherapy.

* Biofizika 33: No. §, 895-904, 1988,
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DISSIPATIVE FUNCTIONS OF THE PROCESSES OF

‘\TERACTION OF ELECTROMAGNETIC RADIATION WITH

BIOLOGICAL OBJECTS*

Yu. P. CHUKOvA
“Otklik” Time Scientific Collective ( < ¢ -2/
(Received 23 July 1987)

The authors have determined the rate of generation of entropy in biological systems as a
result of the irreversibility of the processes of the interaction with electromagnetic radiation
which one accompaaied by rise in free energy. The characteristics of the irreversibility of
the process of plant photosyathesis, human vision, etc. are presented. It is shown that in the
' processes considered, irreversibility may greatly differ (up to 10° fold).

BREVERSIBILITY, as is known, is an integral property of all real processes. After the
wrk of Prigogine [1] it is characterized by the magnitude S,, called the rate of genera-
wa of entropy, the specific value of which ¢ is called a dissipative function. Among

variety of irreversible processes of the real world we would mention but a few

@ txocesses of heat and electrical conductivities, diffusion, thermal chemical reactions,

) for which methods of calculating this magnitude have been devised. As for biolo-

peil objects for them as for more complex systems the question has hardly ever been
used. Yet, the achievements of the thermodynamics of irreversible processes in the

few years and, in particular, the successful application of the Landau-Vainshtein

athod for explaining the processes of energy transformation in quantum systems have
4 zude possible evaluation of the magnitude S| for a large range of processes of interac-

of electromagnetic radiation of any spectral composition with matter.

The method of determining S, for endoergic processes occurring under the influence
¥ clectromagnetic radiation is outlined in [2]. It is applicable to open systems in the
seady state. While in these conditions electromagnetic radiation with the energy W,
=ults in processes accompanied by rise in the free energy (endoergic processes) of the

ucts (Fp) as compared with the free energy of the reactants (Fy) the efficiency of

s process

n.=(Fp—F)/W,, (1)

shere the points above the magnitudes denote time derivatives. From the laws of ther-
3odynamics for 7, we have the relation

ne=1=T (S, +S)/W,, 2
Biofizika 34: No. 5, 898-900, 1989.
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976 Yu. P. CHuKOovaA ” - Interactic

where S", is the flux of entropy of electromagnetic radiation with the power W., whic
is absorbed by the system. '

Usually relation (2) is analyzed in the approximation of the thermodynamic lime
when §,=0 [3). The limiting value of the efficiency of the system (#¥) may in this cae
be calculated for any system if the main characteristics of the process are known. §,
may be evaluated from the difference of the real efficiency of the process (#.) from te
limiting.

The effects appearing in biological objects as a result of interaction with electrs : ¥human vision ¢
magnetic radiation and those magnitudes from which they are judged with rare excep Randary
tions cannot be interpreted as efficiency. But in threshold conditions when the biorew :
ponse vanishes one may state that the efficiency of the endoergic process is equal i
zero. This aspect is considered in detail in [2]. In threshold conditions of real efficicos)

we have

S,=W2/TS?-1. 3

For the red boundary of all bio-effects with a wide frequency action band and for
bioresonance effects the position of the zero efficiency boundary of the endoergx
process in the approximation of the thermodynamic reversibility of the process is giet

by the relation

lE} = 2rk TV [(L+po) In(1+po)—poln Pol> w . The magnitud:

where v is frequency; E is the spectral density of the radiation at this frequency: T* processes Sc

the temperature of the system; ¢ is the speed of light; k and A are Boltzman and Plaodh
constants; po=Cc*E{[2nhv>. 4

The Figure illustrates this dependence for a wifie frequency interval. The ene’® B B2 Calculated st:
of electromagnetic radiation the characteristics of which (frequency and spectral df_"s'm i of the abso
enter the region A4 cannot be transformed to the free energy of the system even 10 the . the width of t
approximation of the thermodynamic limit (thermodynamic reversibility). The velw Y- +cd from the
E° is always higher than the spectral density &,, 7 of the radiation of an absolute b é’ the §, eval

SEERAtiON with biologic

14 logvHzi o yrocesses and
1 1

¢ evaluation:
B:do not couse

Rh _L in [2]
mensionless i
. $ 1t does by
Position of zero boundary of endoergic processes on the plane log v—log E, in the appro*” Beibility exceeds
mation of the thermodynamic reversibility of the process. itic radiation
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Interaction of electromagnetic radlation with biological objects 977

pody with the temperature T, Their ratio E:’/a,,,- assumes a simple form for high fre-
b quencies (A>KT): E}fe, r=e and for low frequencies (hv<kT): E}fe, r=In (epy).

The position of the zero boundary of real processes is shifted towards high E, values
through dissipative processes. These processes may be evaluated from formula (3) if
it is known from the experiment under which conditions the effect disappears.

)Cess
i System and process | Experimental conditions | $iorSy/dv | $us.
ﬁold human vision at the | =780 nm, E)=3x10-26 J/cm?® | 3-6x10-29 0:58
red boundary 5] :
A=950 nm, E,/=4%10-2° Jfem? | 6-7x 1023 113
[6, 71
photosynthesis of 400 nm < 4 <700 om (8] '
unicellular algae Wy =5x10-% W/cm? 12x10-8 23
shade-loving plants Wy =5x10"% W/cm? 12%10-7 26
light-loving plants Wl=5x10-+ W/cm? 12x10-5 31
synthesis of A prophage q=° 704 GHz, Av=0-6 GHz, 5x10-1s 6x 10*
W, =10"* W/cm? [9]
Growth rate of yeasts v=41-68 GHz, 4v=10 MHz, Ix10-t4 8x10°
Wo=10-* W/cm? [10]
Rigidity of the haeme protein v=42:173 GHz, dv=4-2 MHz, 7x10-13 10%
bond in haemoglobin W) =10-3 W/em? [11]

Note: The magnitqde §, is measured in W,’c_rn’-K. for the processes of photosynthesis but
for the other processes Si/dv is given in J/cm?- K. W, is the density of absorbed power in threshold
conditions and Ey is the correspoading spectral density of absorbed power E =W?/4v.

It should be remembered that to obtain correct evaluations of S, the S, values
must be calculated starting not from the characteristics of the incident radistion but
from those of the absorbed radiation if the width of the absorption spectrum is narrow-
er than the width of the acting radiation. For the reverse ratio of bands S, must-be
considered from the spectrum of the elementary excitations in the system [4]. The
Table gives the S, evaluations for a number of processes of interaction of electromagnetic
radiation with biological objects.

The processes and systems included in the Table are so chosen as to demonstrate
how wide is the range of values of the dissipative functions in different biological objects.
It gives the evaluations of the dissipative functions both for processes the characteristics
of which do not cause any doubt (human vision, plant photosynthesis) and for effects
the very existence of which is of a debatable nature (bioresonance effects of u.h.f. ra-
diation). Since the characteristics S, and S, essentially depend on the frequency charac-
teristics of the effect then for the three last processes presented in the Table later experi-
ments may introduce the most significant correctives.

As shown in [2] together with S, it is desirable to use the magnitude S,/$, which
being dimensionless is a more graphic characteristic. Its physical meaning is simple
showing as it does by how many times the rise in entropy as a result of thermodynamic
irreversibility exceeds the rise in the entropy of the system through absorption of elec-
tromagnetic radiation and so characterizes the degree of perfection of the energy trans-

broved For Release 2000/08/08 : CIA-RDP96-00789R003100280001-7 _
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ducer considered. Perfect are those transducers in which the ratio S',/S. is low. The

most perfect is the human eye especially in conditions of twilight vision (Si/s, <y,
In other systems S,/S,>1 and for the processes of interaction of u.h.f. radiation with
biological objects this ratio may reach 108,
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REDUCTION OF THE PERMEABILITY OF ERYTHROCYTE
MEMBRANES FOR OXYGEN DURING OXYGENATION*
gl3)
M. V. Fok, A. R. ZARITSKI and G. A. PROKOPENKO e
Lebedev Physics Institute, U.S.S.R. Academy of Sciences, Moscow 61'0

(Received 30 December 1987)

It is shown that during oxygenation of the blood the permeability of erythrocyte membranes
for oxygen falls at least ten fold.

fidicates the depen«
their oxyg ena
te decreased wit
the state of oxys

IN {1} 1t was shown experimentally that on oxygenation in certain conditions of diﬁ.'ef";‘
volumes of donor blood the curves of the dependence of the degree of oxygenation
on the oxygenation time ¢ in the coordinates a-log ¢ may be combined with an accuracy

nation rate was
127 by shifting along the log ¢ axis. This means that the link between the degree of oxygenation the
* Biofizika 34: No. 5, Y61-904, 1989, 8ituation appears
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