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Chapter 3

Biological Effects of Weak
Electromagnetic Fields

Cyril W. Smith

3.1 Introduction

Textbooks of 1-JwLruph_v:-iiulu_n;y‘ rake the explicit or implicit assumption that no fre-
quencies greater than the highest components of the cellular action potential wave-
form (10 kHz) are of biological significance. If this were indeed Lhe case, this Chapter
would finish here. Twenty years ago, Frey and Bowers® realised that electromagnetic
apectrum allocations and health hazards were matters of public concern as the avail
ability of inexpensive solid-state puwer sources engendered new microwave applica-
tions, Relatively large numbers of microwave syatems mighl then come under the
unsupervised control of private individuils or organizations. Safety standards estah-
lished when micrownve systems were uncotnmon and when the AVETAES citizen was
unlikely to be irradiated by a microwave heam conld becorme inadequate if microwive
beams were to be emitted from cars, as well as traffic signals, telecommunicitions
towers and airport radaes

Ag a measiate of the magiitude of the problem, they sonidired bhe case of radar
equipped cars emitting 50 mW within a beam of 2 producing a power density of 100
W em® ot distanee of 5 m. All hough the beam might be scanned and the car in
motion, thereby reducitg gread Iy the radiation incident an any given individual, that
sams person could be subject to simultineons irradiation from many cars similarly
equipped. Such power levels would be ineon sogueplial aceording Lo the current 11,5,
safety standards but, would be significant relative to standards in Fastern Europe,

The microwaye region of Lhe electromagnetic spectrum formally begins at 300 MHz
(free-space wavelongth | m}, but in general, eleciromagnetic radiation beging to be
appreciably absorbed by humans at frequencies greater than bout 15 MHz, The
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eye lens and the testes in particular have limited ability to dissipate heat and lience
are eapecially valnerable to microwave irradiation. The threshold power densiiies
required to produce thermal effects in animals and humans are well-kniown. Non

Lhermal effects were niot included in the considerations when the 1.5, radiation safoty
level was sot ot an average of 10 mW/em? (100 W/m?) for long term EXPOSTES.
However, non-thermal effects were apparently influential in the establishmes af the
maxirmum standard of 10 gW fem? (100 mW /m*) in the former Soviet Unjan?,

The 115, radiation safety standard was confirmed by their Tri-Service Program of
research on biomedical aspects of microwave radiation®. alt hough some workers felt
this research was "largely irrelevant”® to the subiject of non-thermal not-ionizing
radiation hiecagse it rejected the East European data and did not adequalely consider
the passibility of low-power radiation hazards,

"Incamplete understanding of the effects of microwave radiation on biclogical sys-
teme, combined perbaps with personal and insi utional prejudice, has led to the
Current anomalous situation in which different countries have adopted safety sian-
dards thit differ by several orders of magnitude™.

When in 1989, Simon Best and | wrote Electromagnetic Man®, the situation was
much the same. We noted that,

“The general public « particalarly in America - got their first real idea of the poten-
tial military applications of electromagnetic fields in 1976, when the United States
claimed that their Embassy in Moscow was being irradiated with microwive beams
by the Russians.. However, what wis perhaps equally if not more disturbing was
the eventual disclosure that the irradiation had been happening since 1953 and that
the Stale Department and five previous governments had known about it sirice it
started....several diplomats developed leuknemia: two of the 1.8, Ambassadors
serving during the period (1953-77) died of cancer and the third died in 1986 of
leukaernia which was first discovered in 1975."

Recently, it was sugpested to me while | was on a visit to the Commonwealth of
Independent States (C.1.8.), that thia episode represented na great malevolent plot
against the U.S.A. bul; rather, was the result of incompetence in the use of mi-
crowaves to recharge the balterien of Soviet listening devices planted within i.he
LS. Moscow Embassy.

By the mid-1970' it was already apparent to many that microwave radiation rould
b biclogically harmiful, Dr, Milton £aret, of Searsdale, New York, had identified a
particular form of pasterior subcapsular cataract in the eve a5 being the signature of
radiofrequency and microwave exposire; this became apparent while he was carrying
out a health study of radar maintenanes men for the 1.8, Air Force in 19847

In our Conclusion to Electromagnetic Man®. we posed the question, "What level of
electromagnetic radiation is safe? and continued:

"The present U.S, and UK. guideline of 100 W/m* (10 mW /em®) us the pper
limiting exposure to microwave radiation represents a fraction of the pawer density

4.2 REVIEW OF LITERATURE B3

of tropical sunlight, But it is only reasonable from tlhe point of view of avoiding
widespread thermal injury, and re presents enforceable legislation. The level of non
ionising radiation which will produce no effecty of any kind in any person could pat
be fived with from an engineering stand-point in view of the expectations society has
from modern electronics. It is even below the level of non-ionising radiation which
peaple themsalves emit and which can affect other hypersensitive persons in their
vicinily."

3.2 Review of Literature

In his introduction to fntervaetions helween Electromagnetic  Fields and Celld®
Schwan pointed out that in connection with microwave radiation:

"The medically oriented work before the second world war led almos immediately
to a split between two different, schools of thought. One had it that whatever thera-
peutic or other effect was ohserved was caused by o noticiable temparature inerease
and Lhat, therefore, the results observed were due Lo heat and not cansed by electr)-
cal fields per se. The other schaol of thought believed that direct field interactions
termed nonthermal or athermal are important. This controversy led to some huyn-
dred publications of variable quality. The debate was never settled and these papers
are largely forgotten.”

The radar developments during the second world war were rapidly applied to thee
apeutic techniques from which the interest in ke dielectric properties of biologi-
eal materials had its resurgence;, this bocanse svan by the late 1920, Fricke, at
the Cleveland Clinie, 11.5.A.. had investigated the dielactric properties of cells and
fousd that the capacitanee of tiamonr tissue differed from that of normal tissue, 4
fact which has vet ta penetrate conventional medical awarenoss,

Dielectric properties of materials relate to their interaction with electric feldds
(atendy and alternst ing), as for example when they are placed between the plates of
& capacitor. The dielectrie propertics arise from the patterns and motions of slectric
charges associated with atoms and {heir chemical bonds. At very high frequencies,
the dielectric properties merge with those of optical refraction.

The diclectric praperties of biological materials, Auids and witer have been thor.
oughly measured over a wide frequency range® 101 They do not show indications
of sharp resonance phenomena, The clussical Debye resonance is broad and extends
Over several decades in frequency®, not characteristic of the observed non-thermal
biological responses to microwaves and millimeter waves which will be discussed
lnter,

Until recently, it wan very necessary o look at the ‘Acknowledgments' section of
publications on the effects of non-ionizing radiation to see who had funded the
work, in order to be able to assess jis significance, Increased openiess with regard
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to the electrical enviropment came partly as the result of the judicially instituted
‘New York Power Lines Project'® and partly as a result of the recession wherehy
laboratories which bad ceased Lo be [unded |.:_1,-' vostod interasts ::hirrltll,.' concerned
with minimizing the risk of legal action being taken against them, were no longer
inhibited regarding the publication of "inconvenient™ results. Becker"® and Brodeur!®
discrss the background to this manipulation of information and research projects.

The best sources to scan for updating information on the biomedical effects of non
wonizing radiation are to be found in the three newsletlers: Bioelectromagnetics So-
ciety Mowsletfer?, past 1ssues of which aontain many articles relevant to miceowave
effects in biological systems'; Electromagnetics News'™ and Microwore News™ hoth
of which have published various articles on the effects of non-ionizing radiation as
wiell mn reports, npdates and correspondence relating to the elsctromagnetic envi-
renrent, current research studies and safety standards in different countries.

The specialist journaly for this area include: Bioelectromagnetics, and Electro- and
Maguetobialogy (formerly Jowrnal of Bioeleciriciy),

The Office of Naval Research, U5 A, has, for many years, published a quarterly
digest of current literature on the "Biological Effects of Nonionizing Electromagnetic
Radiation”, This has now resumed publication as a sclentific abstracting journal
under the nane, BENER Digest Updati®™® There is aleo an electranically searchable
extended set of abstracts EMF Database available. Many of the leading seientilic
and engineering journals carry the oceasional article of relevance.

Thete are alse a whele series of conferences whose proceedings represent valuable
sources of information. These include; The Annual Conferences of the Institute
of Electrical and Electronics Engineers (IEEE) Engineering in Medicine and Bi
ology Society (EMBSPY ; the various meetings of The Bioelectromagnetics Sociely
(BEMS)", the European Bicelectromagnetics Association (EBEA)? and the Bio-
electrical Ropair and Growth Society (RRAGS)?,

For those whe want an introduction to the biological effects of microwaves and
millimeter waves :nlhnr than to be 1][_1{!.1[,:1[ in [hEl subjeﬂh | "H‘p;r Lhe fg“nq;iug
HUTTHITIAT Y,

At alecture given in the 1990 General Assombly of the International Union of Radio
Science (UURS1) held in Prague™, Ross Adey concluded that,

“It 18 no longer a matter of speculation that biomolecular syalems are responsive
to low level, low frequency electromagnetic fields. Not only is tissue healing not
the basis of these interactions, but the many instances of responses windowed with
respael to field, frequency and intensity set a rubrie fur their consideration in physical
mechanisms invaelving long range ordering af the atomic level”,

*From theoretical consideration of the collisional basis of molecular interactions

with microwave and far-infrared fields, there 18 no compelling evidence for resonant,
abrorption in ordinary molecular fluids below 3000 GHz. This model 34 supported
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by the virtual absence of experimental evidence for interaction with CW fields at
frequencies below the OHz range other than by heating. On the other hand, RF
fields that are sinusoidally amplitude-modulated at ELF frequencies produce a wide
range af biological interactions. "

Among the interactions listed were, the entrainment of brain rhythons and the con
ditioning of brain responses to imposed fields, and the modulation of brain states
und behavioral stubes™: strong effects on cell membrane fundtions including the
mixlulation of intercellular communication through gap-junction mechansms®: the
reduction of cell mediated cytolvtic immune responses?: and the modulation of in-
tracellular ermymes that are markers of dignals arising ab eell membranss which are
then coupled intracellulasly:

For more than two'decades, Adey and his vo-workers have Been studying the ef
fects of ELF electric fields and amplitude modulated BF and microwave fields on
cerebral tissue Ca®* eflux®™. They found that the maximum effect occurred for the
ELF or wadulation frequency of 16 Hz, but the effects exhibited narrow windows
in frequency and amplitude and were biphasic in renpoict of applied electric fisld
gradients, diflering by & factor of 10°. Adey discussed these effects in terms of dissi-
pative processes and cooperative phenomenain cell membranes conlaining receplor
proteins.

With the discovery of intracellular ensymes that respond Lo signals initiated af
eell membranes as a response to eleciromagnetic field exposure, Adev and his co
workers™ also found intramembranous particles inserted into the lipid bilayer mem-
brane. Their outer tips are negatively chatged glycoprotein strands which attract
calcium and hydrogen tong and form recoplor sites for chamical stimulation of the
molecules, These form a calcium-mediated direct path for inwardly directed hiosig
nals between the cell surface and intracellular ensymes and orgrnelles: Again there
are windows in frequency and amplitude as well as differing sensitivities for various
cell functions (see Tsong and Gross. this volume), The presence of (at jons is es-
sential for microwave effocts on the bindiog of a ligand to § adrenergic reeeplors of
rat eryvihrocyte membranes,

The effects of low frequency medulation on the microwave carrier represent a further
eamplication to the assessment of micrownve and millimeter wave effects on living
systems. It is now possible to buy microwave oscillators at frequencies going above
100 GiHz, well into the millimeter wave region, whicl e coherent to & fraction of &
Hertz, However, oscillators with this coherence were not in girieral usied for most of
the experiments reported in the literature, One must presume thal in the miajority of
experiments, frequency compaonents which included the power supply frequency and
its harmonics were present as amplitude or frequency moedulation of the microwaves,
Buch frequencies are within thal band of frequencies extending from below 1 He to
o few hundeed [z that are known 1o be particularly effectjve L.i:;l-_;gi:'hli_-,.- and which
include the all permeating Schumann Bands of ianospheric radialion within which
wll evolution has taken place.
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Blackman®" has reviewed the |'ﬁg|.'t|jf rrprnduniHn hiolqg'lrnf influences of low fre
queney sinusoidal electromagnetic signals, both alone and superimpesed on RF car-
rier ‘waves, The association of caleium fons with brain tissue was selected ag Lhe
biochemical marker because caleinm-ion effux from chick brain tissue i vilro occurs
at non-thermal levels, Combined with the results of studies of brain biochemistry
and EEG in animals, synaptosomes and human neuroblastoma cells in culture, this
provides evidence Lhat ONS tissue from several species; including humans, are af-
fectéd by low intensity RF-fields modulated by specific low frequencies, The bio
logical systems which have so far been investigated are quite diverse, nevertheless,
the consistent featurés are the specificity of the ELF and the involvement of Lhe
peomagnetic feld

In 1968, Webh firsl reported the frequency dependent inhibition of bacterial growth
by 136 GHs millimeter radiation®® and, in 1974, Devvatkov and co-workers™ re-
ported the existence of frequency-dependent low-intensity microwive elfects in bio
logical systems over the frequency range 39 GHz to 60 GHz.

Devyathov's report contained results of experiments by Sevastvanova and Villen-
skayn showing that millimeter waves ab eertain frequencies around 42 GHz and
al intensities above a certain threshold, exerted a protective effect on mouse bone
marrow cells pre-exposed to X-radiation (see Wu, this volume). Subssquently this
work was repeated with better frequency resolution and ahnv.r_erl indications of n 60
MHg periodicity within the band of millimeter wave frequencies that were effective,
Another ﬁr.lld}r. thia Lime inuuntig&tiug the decrease in ﬁyulhﬂgig of A-lactamade in
pt-:ii:n'.'i]tijl-n:xiﬁtanl atraims of F, eoli and .‘;ﬂuphr;fmfﬂ.; anrens, showed rfl‘rluf'm'}'
selective effects in 8. dureus at frequencies which did not have any effect dn the E,
vill,

Grundler ef aP™M3 haye described experiments which showed a resonant response
in the growth rate of yeast cells irradiated with millimeter waves, they used the
regrion of 42 GHa as suggested by the wark reported by Devyatkov®™ on Rhedatorula
ruba. They found an exponential growth rate reproducible within +4% and that this
eould be influsnced by continuous millimeter wave fields corresponding to a power
flux density of a fow mW/cm?, There was a fine requency structure which had a
periodicity of 5 MHz. Initially, the cell concentrations were measured by photometry,
which only gave the resulis of the average reaction to millimeter radiation of 107
cells in a stirred suspension.

To overcome the disadvantages inherent in photometry, Grundler and co-workers™
developed o method for studying the kinetics of single cell growth during microwave
irradiation. With this, they clearly demonsirated a direct microwave influence. In
comparison with the controls, there were significant radiation induced asymmetries
and double peaks in the cell cyele time distributions for both the first and second
cell division eycles indicating the presence of subgroups of eslls. In the case of the
double pr.nkft] distributions, one peak remained close to the conbrol value while
the other showed a displacement due to the irradiation. Even though all the cells
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were contained in a monolayer within an area of only 0.2 mm?, the effect of the
microwaves was fo produce a sub-culture of cells. These microwave frequencies were
stabilised to +1 MHz of the 42 GHz used, The results again showed & similar resonant
frequency dependence with the same resonnoce width of 8 MHz to that obeerved in
the photometric measurements.

Experiments at 84 GHz — double the previous frequency — also gave significant
radintion effeets, although these were mainly during the second eell division evele, By
means of a computer coutrolled cell counter, tests could be made over one complete
cell eyele, o lower temperature (25°C) was used to extend the cell cyele 1o 5 hours.
Thess reésults showed thai the microwave influence i testricted 1o the 7y -phase of
the eall eveleal the frequency nsed.

Cyeles of cell division are divided into four phases. The first phase (G )and the third
phase (7] are periods of cell miclear activity during which most of the significant
metabolic activities ocour, The DNA replication takes place during the second phase
{the so-callesd 5 phase, or synthesis period). By the time that the brief fourth mitotic
tor M-phase] begins. the chromosomes will have completed replication. The first
signs of mitosis are condensations of chromosomes (prophase), which then move
apart towards the cell squatorial plane with o microtiabule spindle between them
(prometaphase), they align at opposite ends of the cell (metaphase), the chromatids
sepirale to become Independent chromagomes {anaphase), after which nuclear re
organization takes place and nucléar membranes form (telophase), If cell division
(eytokinesis) is'ta occur this may or may not synchronise with mitesis.

Webh™ has investigated the effects of millimeter waves for aver 25 years, In experi-
ments frem 59 GHe - 143 GHz using eell eultures of the bacterium . coli, be found
effects on the growth rate, and on DNA and RNA and protein synthesis, which had
sharp frequency windews and as well as windows within the esll division evele, Two
sobs of sub-frequencies were effective; one set went in integer multiples of 7 GHs,
the other in integer multiples of & GHz. Raman spectrascopy revealed no resonant
activity in the nutrlents or in resting cells, but sharp peaks were observed when the
cells were activated by a nutrient containing an oxidizable carbon energy source (see
W, this '|.'L'|nl|m1.f*_|l.

Resanant microwave absorption insolutions of £, coli DNA was first observed by Ed-
wards, Swicord and co-workers™ ™, The DNA was randomly nicked by low concen-
trations of the endonuclease DNase, [t was supposed that bhis produced a dynamic
length distribution whose mean length decreased with time. Enhanced microwave
absorption oecurred as the sample length distribution clianged to correspond to the
region giving sigoificant absorption in the experimental frequency range, which ex-
tended from 0.4 to 12 GHz. The frequency [ of the ohésrved resonanees and Lhe
BNA length | as determined by the number of base pairs, were related to the acoustic
velacily o lr_',.'

Ueirentar = (1 4+ 1)1
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ar

Ulicas = (n 4 l) I

where the subscript distinguishes linear and circular DNA molecules, and
n=10,12....

These resonances appear to be sharper than the frequency stability of the experi-
menls since the standard deviations at the peaks are seen 16 be generally worse than
a1 the skirts of I.]w |'Lam:1mn('r.q:“.

With theso as with many other Bioelectromagnetics experiments, replication in otlier
laboratories did not come easily, sometimes it did not comeat all, Tt misst he fealized
that in such work, one is dealing with a multi-variable experimental system involy-
ing a living systern. Pickard'™ has listed eriteria for the reproducibility of bioelectro
magnetics experiments™. Marine™ has made some pertinent remarks on, “Negative
studiens and common sense” in an editorial of this title, He polnts out that, “The
careful student of bicelectricity quickly learns to separate poison-pill experiments
and sophistry from facts and rational analysis, and 1o determine which individuals
and groups are traly interested in building bioelectricity into a useful and importait
science, and which are inlerested in burving the subject under a mountain of innu.
etido, doubt and disdain. The bad news is that judges and other generalist laymen,
unfamiliar with the éoncept of the null hypot hesis, may be sugeeptible to the Siren
call of the negative study.”

The scanning-tunnelling-microscope (STM) has been applied to the visualization
of biological materiald®. Receatly, Michel et af at LB.M., Zurich, have devised a
scanning surface harmonic microscope which is capable of operation at microwave
frequencies™". Ty esseptially consiste of a conventicnal STM itgicde u tunesble mi-
crowave resonator positioned so that the microwave electric field at the tip in maxi-
mized and normal to the sample surface. The resonant cavity is tuned to & harmonic
of the applied fundamental frequency, Non-linearities in the electron movement o
the surface generate harmonics in the resonator which are detected by a spectriom
analyser and fed-back to the tip-to-surface spacing control servo. The resulting sur-
face images contain contrast related to local changes in the non-linearity of electron
mevement in the sample,

The aperation of Lhe scanning tunnelling microscope st microwave frequencies per-
mits the study of surface processes at frequencies up to about 10 GHz The use
of third-karmonic imaging, which is possible due to the non-linearity induced in
the surface electrons, avoids the ubiquitous problem of bip contact when there are
thin insulating lavers on the sample surface. Promising areas of application include
the identilication and properties of molecular absorbates with resolutions of 0.3nm,
self-assernbled monolayers, single organic melecules, biological macromaleculos aned
biological membranes.
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3.3 Characteristic Response to Microwaves and
Millimeter Waves

The response to microwave irradiation which is common to all biological systems,
alive and dead, and ta biomaterials and water, is the microwave heating effect, The
initial bivengineering work on this came largely from Schwan's laboratory® at the
Vniversity of Pennsylvania. One result of which was the invention of the microwave
vocker for preparing food in submarines. The penetration depth of microwaves into
tismuon, the reflection effects at interfaces. and the specific absorption rate (5AR) in
skin, fat and muscle were all evaluated for a range of frequencies. When the organ i,
organ or biostructuee is & half-wavelengih in size {for humans that is in the range
30-300 MHz or just below the micsowiye teggion), there is resonance absorption and
the absorbed energy is & maximum. From 300 MHs to 3 GiHz, there can be focussing
of the microwaves by curved surfaces such ss the bone of the skull; this can lead to
local hot-spots. Beyond 3 GHz, the penetration depth of the radiation decreases and
sutface heating effects predominate and resemnble those of infrared or sunlight. In the
frequency range 500 MHz - 2 GHe, an incident energy flux density of 10 mW /em®
(100 Wim*) will produce an average temperature rise of about 0.5°C in the hurman
bady.

There is a fundamental relation between the incident power density of electromag-
netic radiation and the electric and magnetic field compenents of the radintion,
There is & generalised form of Obm's Law relating the electric field E{Vim) ta
the magnetic field H(A/m) through the characteristic impedance Z (ohms) of the
miedium within which the radiation propagates. This is valid 4o long as measurements

are made far enough away {usually the order of & wavelength ) from the antenna or
radiation source, this:

E=HZ
ar, in terms of power density W {Watis/m?)
W =42 =12

In free space, the characteristic impedarnice has a fundamental value which i ap-
provimately ¥ = 377 ohms. The various microwave exposure [imit tables cited by
Grandolfo® have been rounded off and implicitly assutne values for 2 in the range
ST2 - 400 ohims,

Henee, an incident, power density of 100 W /im?® corresponds to an elesiee field £ =
M Vim or & magnetic field i = 0.5 Afm in freespace,

The magnetic flux density B is related to H by
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Bi= i, H

where i, is the permittivity of free dpace and has the value 126 x 10°* H/m. Hence
LOOW /m? corresponds to a B = 0.65pT. This would be superimposed on a statie
geamagnetic field of about 504!

Within water or a biological fluid, the effective values of permittivity must be taken
into account and the calculations become more complicated, The magnetic perme-
ability in bio-materials is effectively that for free-space. Hasted? gives the dielectric
parameters for water up to optical frequencies, For binlogical materials; data can be
found in books by Hasted®, Pethig'® and Grant ¢f afi'. Hewever, if one is dealing
with a coherent system, as is very likely the case, thea the interaction of the incorm-
ing radiation will not be with individual molecubes, but with domaing of coherence
as considered by Del Guidice ef a'. The result is that the veloeity of propagation
in the coherent medium may fall from the 300 M/ of freespace value Lo as little
as 1-10 m/fs.

Other possible mechanisms of interactions between thicrowaes and hiological kys-
bermia include' the effect of electric fields on chemical equilibrium, chemical rate con-
stants and conformational transformations; interaction-forces batween microscopic
particles in an external sleciric field leading to the formation of pearl-chains: targue
forces inducing cell rotation; elfects on ligand-binding in the cell membrane.

The absorbed microwave rnergy also gives induced conduction currents and their
associated magnetic fields in irradiated tissues. These can affect jon motkinn and
membrane potentials, Non-linearities. of cells and lissues may rectify alternating
currents to give D.C. which has jon-transport properties and ean lead to elocirol vais,

However, all these phenomena are within the realms of claskical filiysics. The real
issue iy whether living systems are completely described by classical physics, or
whether quantum physics is needed in addition. Thix Boundary is eromied as soon
4% energy gap phenomena become involved, Pethig observed many years ago®™ thai
since the energy gap of a protein is of the order of 5 eV, and all the redoy reactions
going on in the haman body represent an electric current of 200A, this corresponds
to a power of | kW, of the correct order for the metabolic rate.

People have repeatedly reported being able to ‘hear’ the presence of & microwave
bear™ 2, wuch as from & radar transmitter. This wis finally trpcked down Lo a
thermal effect mediated by electromechanical interaction distal to the cochlea™, The
threshold for a response from single auditory newrons in the cat 1o pulsed microwave
radiation is as low as 4 uJ g per pulse, Although this is regirded as a thermal effect,
it eorresponds to about 3 phonons per pulse of microwaves, emphasising that the
sengitivity of the ear is an close to the phonon threshold as the eyt is bo the photon
threshald.
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One biological effoct which does involve emorgy levels is magnelic resonance (NMR).
The nuelear magnetic moment, even in a slrong magnetic field, does not give a
risonance wp into the microwave region (e proton-NMR = 42.6 MHz/Tesls), but
the electron has ity resonanes at 29 GHz/Tesla and this is applivd to electron spin
resanance (ESR) teciniques which are important for the detection of free radicalz®,

In my laboratory, we have shown that microwaves and radiofrequencies o ufated
at the particular frequency which satisfies the proton-NMR condition in Lhe Brornag
netic field {approx. 2 kHz) are particularly efficient in the production of cataracts
in bovite eve Jenses in pitrg®

These hazardous conditions could arise in a subject moving routinely about in the
non-uniforin steady magnetic field of a typical laboratory in the prosence of suitably
modulited microwaves, These NMR-resonances are 50 sharp (ppm) thal it s not
practicable ta set the frequency of an ordivary oecillator to obtain NMER conditions
given the nominal value of the magnetic field, The resonance condition is riralised
by wweeping slowly theaugh the appropriate frequency or miagnetic field holding the
ather parameter constant, The relaxation fime for NMK in biclogical tissues i in
the range (.53 seconds,

It the early Liternture on biological effects of microwaves, there are cases where
reported effects increased as the incident microwave power densities wete reduced,
although there was usually an associated increase in the scatter of the results, 5o
they were dismissed a8 unreliable. No one serms to have asked the questions, " Do
the effects extrapolate to infinity as the power is reduced to sero? If not, at what
incident power density does the turn-dowsn ouscur?”

In experiments invalving low level microwave radiation, the biological effects were
initially characterised by being small and difficull to reprodues by olher workes
i other laboratories, or even failing to reproduce at all. Grundler™ while noting
the theoretical conjectures of Kajuse'? an reproducibility, considers several criteria
in respect of low power microwave experinents.

A stressed biological svstem is more sensitive to microwaves (synerglam), as for ex-
ample midrowaves combined with Nerays®™ ™. The latter would increase thi fras rad-
ieal concentration, the former might prolong their lifetimes, Ineubation in an alter.
tating magnetic field has been reparted to enhance the effects of ionizing radiation'?,
Chemical or other known snvironmental slreswors might also act synergistically with
HHCrOWAYes,

Frequency specific biological reactions may depend on the biological cell system
wsed, When Lhe sime specilic ensymatic reaction was tested in different cell systems,
microwave itradiation did have an effect on Staphylococcus awrcus, but had no effect
an . coli™,

The bicdogical parameters to be Lested shiould not be of too specific a nature. Cell
growth, which is dependent on many factors, is affected by microwaves in a frequency
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apecific manner but, microwaves produced no lethal mutagenic or chromosomal of-
fects in micro-orgaaisme.

Microwave effects may only eccur in certain phases of the cell cycle: A yeast was
only sensitive to microwave irradiation in the G -phase al the frequency used™,

The temperature of cells in presxperiment storage may affecl subsequent microwave
interactions™, Many experimental techniques rely on synchronized cell cultures
which are notoricusly difficult to achieve®. These techniques may involve pre-
experiment storage of the cultare at & low temperature while in the resting phase (o
bring all celis to the same condition. Growth is then promoted by raising the temper-
ature 1o that for inoubation, |-luhhi|h|1r' accompanied by an osmolic shock, Grundler'!
reports preliminary results wherehy cells stored at 4°C gave no microwave effects,
whetsas colls stored at 30°C did give microwave effects.

The existence of microwave modulation effects, particularly modulations within the
ELF range, which covers the most biologically active frequencies, has not heen con-
sidered or controlled in many experiments. Grundler was stabilising frequency to
only £1MHz (in 42 GH#) so Lhe specteal eomposition of the miceowaves ased would
ot have been known ar controlled from 0.1 Hz to 100 Hz. Mechanical vibration
15 sed by insect systems to generate highly coherent sub-millimeter wave effects®.
Vibration s difficult to eliminate particilacly in urban buildings, and experiments
arc unlikely 1o have been made in vibration-free laboratories.

Finally, I conld ‘add to this list the possibility that the experimenters themselves
miay affect the outcome of their experiments. This could happen if the experimenter
were radiating biologically active frequencies as has been obszerved with electrically
hypersensitive persons™ and healers™, Robert Jahn, of Princeton University™, has
carried out many experiments with a wide range of mechanical and electrical ayRtems
and found that ordinary subjects can, by intention, influence a system in some way
and consiatently at highly significant levels of probability,

Aa evidenco for operator effects, T have demonstrated in cooperation with Wekroma
at Brione, Switzerland®, that a beaker of water held in the hand for one minute
showed changes in its optical spectrum, particulacly at wavelsngths balow 420 nm. It
is necessary to use 10 cm optical path length cuvettes in a differential spectrometer,
sugresting the possibility of some resonance interaction between the water and the
cuvette, Similar resalts have been independent]y obtained by Kurick, Institute of
Physics, Kiev, Ukraine, and reported at the 1st. International Conference on “Water
Systems and Information”, Kiev, May 12-17, 1992,

3.4 Threshold Effects

The interesting things in physics happen at thresholds, yet it is characteristic of
research into biological effects of microwaves that workers have been more concerned
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with acouralely reproducing power levels, meonsuring SAR' and building anacchaic
chambers than in looking for thresholds, The reason is tied o coneepts of fonizing
radiation desimeiry and the power levels peeinilted by regulatory bodies on Lhe
basin of thermal effocts

Hea and co-workers have developed an effective protocol for demonstrating electre
magnetic field sensitivity in human subjects™, The study was carried out in four
phiases, "The fiest phase devloped eriteria for controlled testing using an environmenl
low in chemical, particulate, and EMF pollution. The second phase involved a single
blind challenge of 100 patients who complained of EMF sensitivity. The 25 of these
who were found to be EMF sensitive were compared to 25 healthy naive voluntesr
contrels, none of whom reacted to-any challenge on test. OFf the 25 EMF sensitive
patients, 16 had positive signs and symptoms plus abjectively determined autonamic
nervons syslem changes, In the fourth phase, the 16 EMF-sensitive patients were
re-challenged double-blind ouly to frequencies to which they were found to be most
sensitive. These were ingerted randomly into 5 placebo challénges. The setive ehal
lenges were 1007 positive and all placebo tests were negative. The frequency range
of these tests was from 0.1 Hz to 5 Mz, | have found™ that some patients show a
continuim of sensitivilies extending well into the microwave region as seen in Figure
3.1, so this protocol would be applicable (o tests at microwase and millimeter wave
Erequencies,

Tha CYRTRLLENTS h to the detection of mierowave offecis used o the former Soviat Union
and certain Fast European countries was based on changes shown by functional
alates such as reversible changes in nervous and cardiovascular systems and behav
ioral or paychological changes, Boris Savin of the Institute of Industrial Hygione and
Occnpational Diseases, Moscow, has discussed the importance of experimental data
e the effect of radio and microwaves on the higher nervius aetivity for the deter
mination of safety standards®™. Yuri Kholoday heads the Group of Electromagnetic
MNewrophysiology at the [nstitute of Higher Nervous Studies, Moscow, which has
studied the repctions of the human nervous system to lectromagnetic fieldd from
steady fields to microwaves using the EEG as an indicator™,

The consequence of these different approaches has been that for many years, safety
slandards wero & thousand times higher in (he West than in the East, Hasted wiate
m 1973,

“Although 1t is very difficult to understand in physical terms just how non-thermal
effects can arise, it is worth mentioning that there are many responsible scientists
i the LS. A, who do pot disconnt the Saviet reparts, and make use of the lower
permissible levels in Lheir own laboratories. ™,

Lack of adequate microwave technigue lias been the basis of much of the Western
eriticism of work from the former Soviet Union, where workers have on the other
hand considered other aspects to be of grealer importance Increasing the incident
power density above s threshold does not produce a proportional inerease in the
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Figtire 3.1: Diagram showing the range of continnous clectromagnetio hypersenseliv-
thes for fwo palients. The sections of sohd lines represent frequencies which pro-
woked patient speeific reactions, Palient | had symploms consistent with nan-specific
disturbances to the antonomic nervous system. Palient 2 had increased heart rate
(tachyeardia). The podnts indicate frequencies which provided newtralization af the
respective symploms, The measurements in the case of Patient 2 were done Blind”
ter the patient. The dotted lines are extrapolations to the frequeticy corresponding lo
the mean thermal energy (kT), The ordinates are integer numbers representing the
order of suceesstve farmonics, The methemutical rf.l'ufmr:.p&fp__m characteristic of a
fractal equation.
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biological effect do, knowing the power density at the threshold js more imporkant
than elsewhere.

To investigate long term irradiation effects, the Institute of Clinical and Experimen-
tal Medicine, Novosibirsk, has had single cell lines in culture for 25 years, a feat of
which any brewery could be proud. The Institute has found that Tive and dying colla
can communicate very precise information using only optical (ultra-violet) means,
and that a laser beam con take the imprint of bio-information and transmit it o
other cell cultares,

Workers at the environmental resenrch A, N. Marzasy Institute, Kiev™, have stimu-
lated autoimoune reactions in rats by microwave ireadiation (2375 MHz) getiing a
destabilization of functional activity of the immmne systern humoral factors at 500
W em®, Cytochrome was affected at these levels: Antoimmunity could be stimm-
lated by immunization of intact animals with brain tissue of rats axposed at 50 and
500 yW /em?, the process was dependent on the microwave intensity™,

Chronie exposure of domestic fowl to very low intensity microwave radiation was re-
ported by Tanner and Romero-Sierra® to give increassd mortality rate and profound
deterioration in heallh of the survivors.

A report from The People's Republic of China by Chiang ¢t o of investigations
into the effects of the environmental microwave exposure of humans, conclided that,
in the highest exposed groups the visual reaction time and short term MEemary were
warse and Lhat there may have been effects on the CNS and immune systems,

Lester and Moore™ found that eancer tended to oceur on leading terrain crosts
relative to radar transmissions and was less frequent in the valleys, and also that
counties in the .8, A, with an Air Force Base had significantly higher incidences of
cancer moriality,

Semigielski ef af'* have carried out a retrospective study from 1971-1980 of jm-
munclogic and cancer related aspects of exposure to low-level microwave and ra.
diofrequency fields. It showed a clear increase in the risk of cancer among subjeels
accupationally exposed to microwaves and radiofrequencies,

Some years ago, Andreyev and vo-workers® published theit first results ol indications
of apocial characteristic frequencies in humans, and st bsequently « comprebensive
teport of research into the physical mechanisms of low-intensity radiation on bio-
logical systems™, The experiments showed that 4 human erganism with functional
disorders can distingiish insignificant frequency changes of external electromag:
netic radiation in the millimeter frequency band, with a resonance half-width of 20
MHz. Low intensity radiation at specific frequencies in the range 50-10 GHz and
al power flux densities from mW lem?® to W /cm® incident an acupunclure zones
cenpected with ‘malfunctioning' ergans; produces a SENSONY response accompanied
by a strongly pronounced therapeutic effect. The method was tested on maore than
400 patients for some pathologies, When visiting Kiev, | enquired how the choice
af millimeter wave frequency was made, and was referred to the microwave Xy gen
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linew in this region all of which have therapeutic apphications, Millimeter wave appli-
cators have been designied for various clinteal applications. Thiese authors conjecture
thid,

"An informational connection with an external field and energy transport along
limit eyecle space trajectories may be conditioned by protein spin states..... Electro-
magnetic waves in the range 45-65 GHz arising in the organism due to transitions
betwesn sub-levels of a triplet spin-spin aplitting, provide a universal long-acling
voberence which is nol limited by nonuniformitics of real living structures, The role
of short-acting activators may be played by enzyme complexes, as their activity is
known to depend on spin erientation of the external electrons in active centres in a
trigger way... Thus we consider the living organism to be & quantum system and a
dissipative structure formed as a result of & non-eguilibrivm phase transition which
constantly reproduces tsell due to self-organization processes.”

Devyatkov and co-warkers have published a sludy of millimetric wave inleractions
with biological objects and wazer®™.

From the point of view of physics, Fréblich® characterised thresholds and active
biological systerns by three properties, First, they are relatively stable but far from
equilibrium; which require that the various excitations are stabilized, pointing to
the existence of metastable states. Second, they exbibil o non-trivial order, which
reqquires a motional order a3 is found in the existence of macro-wavefunctions in au-
perconductars and superfinids, but which also exists in non-equilibrium systems auch
s lagers or in maintained particolar excitations such as sotnd waves; its gensealisa
tion leads to coherence. Third, they have extraordinary dielectric properties, which
arise from the high electric fields maiotained in membranes in conjunction with the
sensitivity to very weak electromagnetic fields with sharp frequency response.

The coherent excitation of a single polar mode depends in a step-like manner on the
rate of energy supply bot with a time: lag while coherence becomes established, Thia
Ly pe ol excltation reguires a strong non=linear interaction with the *heat bath™ which
altempts bo impose its temperature on the particle distributions. While in a Bose gas
the number of particles is Axed so that Einsteln condensation and superconductivity
arise only when the temperature is sufficiently lowered, in the hiological situation
the temperature is fixed and the number of quanta is increased by the rate of energy
aupply until the threshold is reschod.

The ultimate threshold for magnetic effects is the linkage of a single quantum of
magm*.t':c flux with the cross-sectional area of a coherent cell ar organism. The in-
tegral of the magnetic field over a cross-section perpendieular to it is defined as
the magnetic Alux, @, which is shown by Frohlich to be an integer multiple of the
Hux quantum.®, = hf2e = 207 x 107" Wh. Although this originated in super-
cemductivity, it is not resteicted fo it but is a completely geneeal phenomenon. The
pessibility and experimental evidence that living systems are sensitive to, and use
magnetic Bux quants, had been presented by Del Giudice ef o If & svstem s able
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to respond (o the magnetic Hux quantum, then it has the Josspheon effect available,

The Josephson effect is a macrescopic quantum phenomenon of superconductivity
in which the current flow between fwo regions of superconducting long-range order,
separated by a barrier which is 4 non-superconducior, 1s dependent , not on the
vollage between the regions, but on the phase dilference, ¥, of order parameters,
which have properties similar to those of wave functions in elementary quanturm
mechanics, The phenomena are divided into statiomary (DC] and non-stationary
(AC) effects depending upon whether the variables change with time. The most
iniportant of the ac effects are Josephson oscillations which take place if the voltage
has & de component, V', al a frequeney, [ related o the valtage by (epproximately)
S00MHz/pV, or exactly:

28
Ixf =d¥/fdt = T ¥
|

where e is the electron charge and § s Planck’s conntant divided by 2.

3.5 Cellular Basis

The cellular basis for bicelectromagnetic effects in the microwave and milllieter
wave region requires o physical model for the bislogical cell™. The froquencies for
non-linearly excited coherent oscillations may he based on any of the possible modes
of resonance as shown in Figure 3.2, but they may alse be much lower as in the case
of limit cycles, They may also tot be determined by structures hut, by byperfine
enerpy bevels.

Any structure, whether a biological systern or a musical instrument, will have some
natural resorance frequencies determined by its dimensions and the velocity with
which waves travel within it, The fact that a cell 13 visihle against its surroundings
mrieins that it has a different refleactive index and henee wives will |::|l-1 at least,
partially reflected at its boundaries. These waves may acquire energy as they travel
and build up to become sustained sseillations,

There are of the ordér of 3000 enzymes controlling the chemistry of & biological
cell. The high catalylic power of an engyme requires & reduction of the activation
energy. A metastable state with a high internal electric fleld may be nature's way of
activating an engyme calalysed reaction, Frequeney selective long-range interactions
may arise from the excitation of coherent vibrations and give the selective attraction

of engymatic subatrates’,

The importance of the frequency 100 Gz assumed by Frahlich for fundamental
hiological activities was strongly supported by the publication of research from the
former Soviet Union®. Physically, this frequency corrésponds to 2 an acoustic mode
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resonance in the thickness of the cell membrane for which its dimension is a half-
wavelength (Fig, 4.2).

The stimulated Raman effect has been used to investigate the possibility of far
infrared sub-millimeter coherent oscillations in biological molecules and cells, The
effect depends on the coheren pumping of molecules into exeited vibrational or
rotational states by the electric field of a laser beam which is above some critical in-
tensity threshold. The molecules relax and emit isotropically the inelastic scattered
radiation. This refaxation may be coherently stimulated. The intensity of the Ra-
man seattered radiation is three orders of magnitude below the Rayleigh elastically
scatlered radistion which is at the laser frequency, In the inelastic collisions, the
laser photons may lose or gain energy. If they lose energy to the malecules, the Ra
s scattering appears atb a lower frequency giving a Stokes line, if they gain energy
from the molecules, the Raman scattering appears at a higher frequency giving an
anti-Stokes line. The freqency shift is given by the energy change divided by Planck’s
constant, The rstio of the anti:Stokes to Stokes intensitios compares the number of
moleciiles donating and accepting energy, Tn 1977, Webb of af published a sevies of
Stokes and anti-Stokes laser-Raman spectra of synehronized active cells of E. coli
bacteria™, The average cell size of an £. cols cell ranges frem 1.1 pm - 1.5 pm owide
by 2 pm - 6 pm long over the growth eycle. For the eireumferential half-wavelength
mode in the lipid bilayer shown in Figure 3.2, the resonances should comme within
the band of wave numbers 320 cm—! to 100 e according to the above range of
cell sizes. The spectra taken by Webb 40 minutes aftor incubation showed Raman
fines at 150 con™t, at 50 minutes they were at 120 em™, and at 60 mimgtes they
were close to 100 cm™. The corresponding frequencies are from 4.5 THz to 3 THaz
{1 THe = 10" Hz).

The mean frequeney corresponding to thermal energy (ET50) at biclogical temper-
atures iz 6.25 THz, o that these highly coherent frequencies could he thermally
pumped resonances in which a Bose condensation had oceurred,

My laboratory wis probably the first to demonstrate coherent oscillations in the
radiofeequency region of around 8 MHz from yeast cells at the time of eylakinesia™,
This frequency is the same as the periodicity found in the millimeter wave Pxperi-
ments by Grundler ef af''™, Webh has pointed out that this js alke the frequency
that one would expect from the rate constant for the hydralyeis of ATP.

It was only possiblé to find these coherent 8 MHz ascillations experimentally because
i wories af steps had been found in voltage-current elarscteristios of thin films of
veast cells™. On previous occasions. cell systems had been found to react to magnetic
fields 4t levels corresponding to a single magnetic flux gquantum linking the mea-
sured cell eross- section, One of the consequences of magnetic flux quantizition is the
Josephson effect which gives a frequency to voltage interconversion of 500 MHz/uV.
It was possible to adjust the experimental conditions while observing the vollage
steps until the expected frequency came within Uhe range of a radia-lrequency ppec-
trum analyser, The colierent oscillations were then sought and found. They lasted
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for only for a few minutes one mean generation time (4 hoors) after starting the
synchronous cell incubation™, Under other experimental conditions, vollage steps
corresponding to frequencies up to about 2 GHy were ohserved ™,

In earlier experiments in my laboratory™. the enzyme, lysozyme was used as the
dielectric in a point-plane electrode configuration within a section of X-band 1o
wave-guide. It was found that on irradiation with § GHz. steps appeared in Lhe
valtage-current characteristic, Applying the Josephson effect conversion wave the
corresponding frequencies of 20 MHz and 40 MHz, The coupling:in of weak signaly
sl either of these frequencies gave a 15-fold increase in the DE conductivity and the
steps Increased so that they then cortesponded (o 300 MHz,

All chemical reactions inval ve energy change and involve quantum physies; there iy
no chemistry in classical physics. The energy of a chemical reaction is of the ordes
of electran-volts (1 eV = a chemical energy of approx, 100 kJ/mole = a photon
wavelength of 1.24 gm). Biochemieal reactions catalysed hy enzymes require an
activation energy to switch on their remarkable effectiveness. That living systems
use coherent optical frequencies for biocommunication has been demonstrated by
Popp™ (see also Popp et al, this volume). There are biophotons available in living
syntemns al frequencles high encugh for single quantum phatechemistry to oceur.

Ordinary organic (non-bio-) chemical resctions wre affected by an external mag-
netic fields, static and alternating, from the low audio up to microwave [requencios,
MeLauchlan™ has deseribed how weak magnetic fields can affect chemical reactions
invalving free radicals, which also includes mueh of sssential bisenergetics’, The ma-
jor effect of the magnetic field is to remave degeneracies of the sub-levels of triplet
radical pairs whose energies are equal in zero field, but differ progressively and lin-
early as an applied feld is ncreased, wecording to the Zeeman nffect, The Zeeman
separation of the stales exceeds the magnitude of the hyperfine interaction at a few
milliTesla. Vanag and Kusnetsov™ have considerod how the radical reactions of lipid
peroxidation, the enzyme reactions invelving paramagnetic molecules, and photo-

chemical reactions could be influenced by magnetic fields through the mechanism of
apin exclusion,

Evidence that living systems are making use of the Josephson effect has alrendy
been referred o™, This offers a postulate for a procedure whereby the power denzity
threwhold for the intersetion of microwaves with living systems might be determined.

Grandler «f oP' arranged their microwave exposune system o that the cells were
exposed Lo the electrie field component, I a microwave electric field across a hio-
logical structure (e eall synapee, membrane) is considered as a Josephson weak
link experiment and, if the applied microwave radiation is sufficient to give a field
related valtage across the weak link equal Lo, or greater than the Josephson voltage
earresponsding to its frequency, then this combination will try simultaneously to force
the phase difference of the arder parameter and the potential across the weak-link
Junetion, leaving no degreey of freedom to the biological syatem,
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The result might be the paralysis of bio-signals ll':p:i-ﬂﬁ tt:.l use that rﬂ'auna-nc:_: Lo lng_%ﬂr
& ehernival reaction al Lhe site of the weak-link junction, The rangse of frequencies
over which this could happen will depend on the extent of available resonances or
hyperfine energy level structure, .

The 42 GHz experiments on yeast cells h.:lr' Cirtnd fer .H ﬂ.l.'"?:IJ were peparted al :3\#0;]’
Aux denzities of the order of 1T mW /cm? (10 W/m?*). This Jl'l."-IU.EI. have pxt:ﬁ?d i ;?i
the thresholds sinee highly resonant effects were observed. "1 he wamspuu.d:ug, ields
over the dismeter of the yeast cells colls of mean -:nlun!.rr K1 ' wold not i:;\-'r
heen greater than 30 V/m, assuming that “.w 1:ﬂ'¢-rl.|w._ dislectric ILl:';:-nsn.'uu ‘In'FﬂE £ Ia.t
of water (approximately 16 at 42 GHz), This mml.d give uhmu_ l{H.F aV aerass 1] i
coll diameter, ihe largest likely weak-link, or less, if the wedk-link is a sub t"E"HI!]: ar
structure and 12 more than 10-times the thphsnn_ valtage of 84 ;:"u'i cnrl:c-spluu; imf.,
Lo the frequency 42 GHz, This suggests lh”. the ultimate chrr': -‘lr-r::-u[g1 5;“'1;;-,' ;:s
this frequency might be 100 times less; as litthe as 10 pW lem {!}- l‘:r fm*). Itﬁ -d
pearer to the safety levels adopted by the Bast Furopean countries™ and suggeste
effects ot atill lower power densitien™, i

At the lst, International Conference on “Water E}THEI]’IE and !nlfnrmahmn held
in Kiev, Ukraine, May 12-17, 1992, 1 presented .t:'l."1dt."'ﬂm that Ii_wn.g ‘sg.rsl.nmn u:'n‘nl
make use of a low frequency alternaking magneLic vector potential. The .ma.#nrt'tl:
fux density £ (Tesla) is of mathematical necessity related Lo a vector A such that
B=curlA, _

It was long thought that A was merely a mathematical convenience, 1“'.1' ": WA
eventually shown experimentally by a number of workers that A, _L]'.lf'n?ba.gncim 1-».1::]07'
hirll'ILLihl-, hias a physical reality. The mosl thorough i:l.t"llilt.lllﬂi:l.'ll!-lﬂll cam frn_Jlrl._ Zlf!
Hitachi Research Laboratories, near Tokyo. A toroid contains the magnetic hleh
within its volume but the magnetic vector potential zli.prea.ds Jllﬂ.u the S'I..lrl'lill][lfi!]'lg
space and can influenee a beam of electrons in a diffraction experiment by I1|t._r'nu t}t:g
with their wavefunction. This is the Aharanov-Bohm f"fftv.'.l-. the ]'.rr:o:'lnrhmrl o 'af
relative phase shift between two electron beams enclosing a magnetic Aux even |
they do not experience the magnetic fux® i,

The magnetic vector potential is a vectar dircf:tf:d in LJ:HfI BAn dm:r.nmn: :uslt.hc
current giving rise to the magnetic field, A changing magnetic vector potential gives

rine to an clectric feld [ thas,
E = —dA/dl

E s not affected by magnetic sereening materials so Lht'_rr i 1‘hl.' puﬂu':h':liL:.i of mag-
netic effects al near 2ero values of the magnetic ﬁ'llxrdlf't":lt:f _B if the rllﬂgl'.llq.'lr-_ﬂll.ﬂ. t.::l
which they are subjected is attenuated by magnetic shielding rather than distance
rr't,'ﬂll 1tlf" currenl douroe.

From these experiments, i1 appears thiad I}il.lr-irt!':'l':ll'l‘llll'li:ﬂl'l might T t'l_LTri.l:'rlur_!I: the
magnetic vector potential while the magnetic field formats the medium, i mag-
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tetic veclor potential effects in living systems extend Lo the microwave and milli
meter wave region, this would provide a possible mechanism for Internction wiith (he
long-range order of the postulated Josephson weak-link Junctions in living svetems
through their interaction with the order parameter, which has properlics nm:Jugmm
io the wave function in elementary quantum mechanics. ;

What is now urgently needed is to be able to read the language of electromarnetic
hio-communication to complement our understanding of the genetic code.
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