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Abstroct

The development of the concept of
coherence in biclogical systems is in-
troduced hrough a summary of the
work of Herbert Frihlich. Thoseexper-
mental aspects and conseduences af
coherence in living systems ane pre-
sented which seemn relevant to the re-
cent in the understand-
ing ol the physics of water through

Guantum feld theary.

Introduciion

In the introductony chapter 1o his sec-
ond “Green Book™, Frihlich rell the
hastory of his interest in the relations
between thearstical physies and biol-
ogy. In 1938, he fint became aware
that a biological meemisraro
an eleciric field of 16 MV /m, which
Froen his wiork on dielectrics he realssed
wid in the forefront of electrical insu-
lation technology. Having leamed that
asingle iden does not prodisce a theosy,
he also estirnated that the tkely ress-
rant feaquency of a biological mem-
brane was in the millimetre wave re-
giom of the plectromagnets: spectrum,
1 frequency of the oeder of 100 GHe
From his work on supeonductivity
in 1968, hecould postulate that s long
range phase coherence n the frequen-
cies of oacillations in sctive bislogical
systems wiould account jor the order

Research os the millimetre-wave
spectroscopy of many biclegical sys-
teens was publshed by Devyatkoy in
1974. Tt showed effects that were
strongly frequency dependent, littke
dependent on the power. but signifi-
cantly dependent on the time of irra-
dliation—all iactors consistentwith the
invalvement of coherent excitations.
Frihlich was aware that physical or-
der can express ieseli not only in spa-
tial arder but also in motional order.
For example, in superflubd helium this
order is expressed in terms of macno-
seopie wave functions, which impose
& very subthe correlation on theequa-
tions of the motion of the helium ae-
o such that no disorder exist.

With these working hypotheses, he
Hmmmmhmﬁmh
ol phuse correlations and coherence
in'biological maberia’s. bn 1972, he pub-
lishied & paper in which he cons idered
the equatsons of mobon for the inter-
nction of bwo electric harmonic cecil-
Intors and showed that coherent ecci-
tations and long rasge interactions
could anse if cevtain particular low-
bying medes were eucibed with a sulfi-
cient number of quants.

In Coaperation with Herbert
Fréhlich

tevested in my work on the dielectric
properties ofbiological molecules and
materials ! Prelimnary messurements
had shown ihat moist proteins be-
haved bike maist ferroslectrics. Hu-
midification by exposure ta water
vapour gave different effects From
thase following the additon of an
equivalent ameunt of liquid water, the
first indications we had of the fubure
importance of dructaral and memorgy
efiects i waber.

Although necerding to conventinal
bie-physics there should not be any
significant magreis: field mberactions
wilh biological dielectrics or water. a
large anomalous magnetic effect was
found i eneymesystema. Further ex-
periments confirmed that diamagne-
lism was definitely imvolved and that
the sifect was 10 times higher than
expected.’ The elfects disappeared
above certain cribeal magnetic field
strengths and with sterile maberials
live enzyme substrate. Frihlich was
clear that this diamagnetic effect could
oaly arise from the equivalent of 1 su-
percond ucting ring present in the liv-
ing bielogical system and that :his
implied long range correlations and
oedey, although not necessarily & Tero-
resistance phenomena. A guitable

e 1t was &1 about this stigeinhiswork  20Al0gY woubd be in Bwe properties of

in h!lm"qymﬂ ﬂPmﬁ'l-IﬂH‘is coligidal Ry,

- Herbert Frohlich. He had become in. ~ Where the colloidal particles are
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The measuned activity of the enzyme
lysozyme was found to be affected by
weak magnetic felds. The enzymatic
substrae used for its turbimetric as-
sy i the Microcooeus [ysodetiticus. In
spite of using &n assay protocol alleged
to produce cell fragments, the substrate
onlls were rvot killed and the measured
Iysoryrre sctivity was found o depend
upon the svalable nuiriton, the phase
of the cell cycle, the geomagnetic field,
and the wavelength and intensity of

the spectrophotometer illumination,
The lysozyme solutions appeared to
be able to "remember™ for long peri-
cxls the electromagrenc fields o which
they had been exposed ! A delay time
for the onset of lysis was observed, a
factor consisient with the need for a
build-up of coberent ascillations, The

Muchear magretic resonance (NME)
Involves the quantised nuclear angu-
Iar momentum {unlike cyclotron reso-
nance which is a phenomenon of clas-
sical physics). During in pitro experi-
ments on bovine eye lenses, it was
found that sub-capsular cataracts in
the posteriar cortex of the lens devel-
oped at very low intensities of micro-
wave radiations if these were modu-
lated at & frequency which satisfied
proton magretic resonance in the am-
bient magnetic field* This result re-
lated a disease cond ition to a phenorn-
enon in guanbum physics.

The onset magretic field strength for
effects involving this lysozyme-sub-
strate reaction was found to corre
spond to s singbe quanitum of magnetic

flux linking the measured cross-sec-
tional area of the cells of Microceces
Iysodeikticus. Frihlich immediately
pointed out that while in supercon-
dusctoes the magnetic flux is quantised
in units of Planck’s constant divided
by twice the electronic charge (h/2e =
2.07 fWh),” Felix Bloch had shown that
flisx quantisation is not restricted (o
superconductors, but in fact it s a
completely genernl property of allma-
teriabs. The reason that it is not psu-
ally observed is due 1o the small en-
argy differences in neighbouring fux
quantam numbers compared o ther-
mal energy at ambient temperatures
unless one is dealing with micron-
sized systems swch &5 are found in bi-
ology. The mintmum dimensions of the
coherence domains within such a sys-
temn are determirfed by the threshold
electromagnietic fields or else by Aux
quania’

At Salford University, [ had set upa
degreecourse in biomedical electron-
ics whach eventually produced gradu-
ates competent in the experimsntal
technigues of biology an well as elec-
tronics. Some of these did their gradu-
ate ressarch in my laboratory, which
wias eet up for experimentation inebec-
tronics and cell biclogy under sterile
conditions. With Esclericliin coli, both
the mean generation Hme and indole
production were found o be affected
by alternating ELF magnetic fields in
4 period manner with the feld strengt.
Both the onset field strength and its
periedicity cornesponded to integer
mumbers of magnetic flux quanta link-
ing the measured cell cross-section
The chance of the ahgerved periodic-

ity appearing at random in these ex-
periments was one in two million.*

At th tirne that we were finding vari-
ous effects relating to single flux quan-
tum conditions, Frahlich remarked
that if a system is able to respond to a
single magnetic flux quantum, ten it
‘has the necessary cobwerence to shiow
the frsephson effect, a frequency-volt-
age interconversion at approximately
500 MHz/mV (= Ze/h) even at room
temperature. Inconductivity measure-
ments on lysoryme solutions, there
b been eifiects in which voltagesteps
appesred on current-valtage record-
s, ® O ieracliating this system with
the frequency calculated from the siep
wodtage and the Jesephaon conversion
factor, the DC conductivity immedi-
ately changed by an order of magni-
tude.

This result encouraged us in the
search for radio-frequency emissions
Frosn setively dividing cells. We were

oes cerevisiar (nomal diploid strin),

EXPRFLTEALE v
collecting the cells at poant electrodes
ursder the electric beld gradient of an
applied altermnating voltage. These had
been used o demonstrate elfects of
NMR conditions on cell dielectro-
phoresis.” Voltage steps had been
found in voltage-current measure-
mentsbetween the electrodes when the
oeils were attached; these steps ap-
peared arcund ome mean generathon
tirme afver the cultuee had been started
into synchronous cell division. The
experimental conditions had to bead-
justed so that the frequency of any Jo-
sephson emnission would come within
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the range of the available spectrum
aralyser. Radio-frequency emissions
were eventually detected after sbout
four hours of incubation in darkness.
They appeared 3 the tisne of cptokine-
sisand were in twe region of the corre-
sponding  Josephson [requency of
eight MHz. The bandwidth of the emis-
sion was initially about one MHz, but
over a few minutes it narrowed to a
minkmum of about 50 Hz, a value cor-
reypanding to the Poisson distibution
for coberent 8-biHz quanta, then it
broadened againand disappeared.™
This was the st of the work done
inour laboratory using cell cultures; it
wis done in 190 on borrowed time.
The book Eipctromagnetic Mm*™ was
wittten betwesn 1984 and 1999, Brit-
increasing fnamcial pressure fom the

a cilferent area of research {arganic
thin films) in order to survive al all.
However, it remained possible to con-
tiriie work on the lfundamental prog-
ertes of waler using a differentexperi-
mental approact as described later
and to continue cooperation with
Hexbert Frohlich until only a few
wezks before he died on Janvary 23,
19911

Electromognetic Hypersansitivity
Since 1982 we had regularly coop-
erated with clinkians particuiarly in
London, England, and Dallas, Texas,
on the investigation and treatment of
patients suffering from electromag-
netsc hypersensitivity,” the existence
of which has been confirmed through
double-blind trials." Electromagnetic

hypersensitivity appears tobe the re-
sult of a failure in some patent-spe-
cific regulatory system and usually
invoives the autonomic nenvous Sys-
b [tis cually found in patients who
have already saffered chemical dam-
age leading to & chemical hypersensi-
tivity condition. Of present relevance
ia that their hypersensitivity extends
te frequencies of vector potential in
their environment and 1o frequencies
imprinted into water or some other
potentisable medium, the equivalent
o a homowopahic remedy; such sen-
sitivities are only explicable in terms
of macroseopic quantum effects.

Magnetic Fields and Vector
Fotentials

Electric charge in molion generales
& magnehic feld in the space surround-
ing it. This follows from the theory of
special relativity, If electric charge is
accelerated (or deceleraied) as can be
done with an electrical oscillator,
quanta of energy at the frequency of
the fields mavel sway at the velocite of
light. This is electronngiretic radtation
and the three quantities, electric fisld,
magnetic field, and velocity are miwtu-
aky perpendicular in {free) space.

There is yet snother component o
b considersd. This is the vecior poten-
tial, & potential ‘unction which is also
a vector. L origirally appeared in phys-
i3 a3 a mathematical necessity to cope
with the fact that magnetic lelds al-
ways oocur as closed loops with no
free endis. [t combines the electric feld
companent 48 ik time derivative with
the magnetic field component &3 its
‘cutl’. Thus a changing vector poten-
tial induces an electric field which is

Vbt el s e Sy
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what happens in am electrical trans-
farmer while a toroidal coil contains
the magretic Beld within the torus but
gEnerates a vector potential in the sur-
rounding space in the direction of the
current flow: Ina quantum system the
wector potential appears directly in the
wave equation where it can behave like
a chemical potential. I is capable of
producing effects through this quan-
tum field pathway even if its electric
and magnetic field components are
shielded.

We have long been advocating the
ude af a torosdil coil ip biclogical ex-
periments as a way of providing com-
parison with the magnetic fields gen-
erated by the usual Helmboltz or sole-
aoidal coils ko ditermine whether a
given biological system is in classical
or quantum physics. One such set of
experiments by Mae-Wan Ho and her
eo-workers involving weak external
in pattern formation in Droseplils em-
bryos led them to remark that,

“,..The results with the toroi-
spite the fact that the magnetic
field is negligible, significant in-
creases inabnormalities are found
over matched controls, and both
when the embryos are in place be-
fore or after the power supply is
swilched on. . Chur results suggest
that indeed, the embryos may be
sensitive to the vector potential in
The Aharonov-Bohm effect is 5o
Fundamental that it would require
a great deal more experimentaton
under most siringent chnditions
o be able to establish it for bio-
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logacal systems. IF it i eventually
confirmed, it would be by far the
et defisitive proof that the sm-
bryonic field is a highly coherent
macroscopic quan hum domain """

Water Memory, Homosapathy, and
Long Ronge Order

We extended the techniques of dows-
ing to make the dowser into an inex-
pensive scientific instrument capable
of detecting a vector potential and of
measuring frequencies imprinted into
water. Eventually. it was found to be
possitve o measure frequencies .m-
printed into water by electronic nstru-
mentationand o wdentify the difficul-
ties encountered &s being in the con-
verszonof what is.a quanturn feld reo-
nance into & ime-varying voltage or
current that electronic circuits will
recognise. ™ The frequencies measured
by instrumentation were exactly those
found by the subjective dowsing tach-
nigue. To adequately investigabe reso-
nances in living systems and
homosopathic potencies, it would be
necessary for any instrumentation b
cover all frequencies from millibertz
o optical frequencies.

The Andreev reflection of coher-
ence' should take place at a coherent
water-to-metal interface and would
give rise to a change in its electrical
resistance. The small offset current at
the input of a directly coupled pre-
amplifier might convert this resistance
change into a voltage signal without
destroying the coherence. This might
be one physical basis for the measuce-
ment of frequencies imprinted irto
water and homosopathic potencies,
and might also account for the resis-

tamce changes messured in elecro-
acupancture.

Al living systems from human to
single oells, have their own pattern of
frequencies characterised by a degree
of quasi-periodic variability.™ The resc-
nances may stimulate the frequency
activiry or depress it. In general the
lowest and highest frequencie: are
stimulatory, and the others alternate.
The mmmuq frequencies are the

With the above subjective bechnique,
we found that for imprinting a fre-
quency inbo water (potenbizrtion), it s
the altzrmating vector potential which
carries the frequency information.
However, a magnetic field is also
needed 1o farmat fhe waber o enabbe it
to acoept this vector potential infoma-
tion. Alternately waier may be formal-
udbynmadunnlshu:hw-u (snc-
qussion, in homoeopathle parance) ™
The lowest frequency that can be im-
printed depends on the available vol-
umeol water.

Thiscoherence of an imprinted fre-
quency propagates asa slowly travel-
ling wave with a velncity of the order
of metres per second, which is depen-
dent on the medium. [is propagation
does not require a cosed conducting
circuit, but rather it is analogous fo the
propagation of heat (incoherence)
along ametal bar. The velodity has been
measured by a Fizeau type of experi-
ment. Critical anghes of total intemnal
reflaction wene measured; these were
in close agreement with the values cal-
culated from the velocities of propa-
gation in the media on either side of
the interface @

An Aharanov-Bohm effect was
foamnd for the electson and proton mag-
netie resonance signals in tubes of
water either side of a solenoid. The
phase of the detected signal reversed
regularly in propertion to the current
in the solencid. ®

The continued presence of the nor-
erial geoeragnetic fekd is mecessary for
the jetention of the imprinted fre-
quency information in water (or
or tablets). Magnetically shielding a
specimen by placing it in a steel [or
miirrebal) Box witha good overlapping
lid will immediately and completely
erase all Enprinting

An absolute calbration of a vectar
potential from a coil or toroid can be
carried out by determining the posi-
tan for & null reacton between the coil
and & wire of finde length carrylng
the same current that can be calou-
laved The local vakee for the geo-vec-
tor-potential has ako been determined
by this method. It seems io act as the
environmental reference for the phase
of the resonances imprinted into wa-
ten

Potsntisation will transfer slowly by
contact betwesn waler and waler or
between water and a metal without
succussion. The Hme taken for the fre-
quencies to imprint varies inversely
wwith the frequency.™

Charocteristic Resonances

Any oscillating charge, such as an
atomic cscillator, generabes a vector
potential along is axis of motion. Any
passive resonator such as an ind
fance-capacitance crcull or & micro-
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wave nesonator can be stimulated by a
vechor potential alternating at its reso-
nant frequency:

A chemical substance carries a char-
acteristic frequency imprint or reso-
nance, which is not erased if the geo-
magnetic field is shielded. An clement
has a single frequency; a simple com-
pound like sodium chioride has three
frequencies. Mare complex substances
may have more frequencies. The fre-
quencies seem bo represent the chem—
izal's ability to interact with traces of
wither, as, for example, through hydm-
gen bonds. For the n-aliphatic series.

opposite of a balls-on-string model. [f
f-nexans is deted with silics gel, all

the resonances disappear and only
ritburn wihen the water content reaches
14 ppm.

Mo frequency resonance was found
fior pure deuteriurm oxide (heavy wa-
ter) nor for the completety chlorine sub-
stituted octachioronapthalone; non-
achlorobiphenyl had one frequency
FEsOMANCE; iphenyl had
three; hexachlorobiphenyl had five;
tetrachlorobiphenyl has seven fre-
quencies; inchicrobiphenyl may have
three or five depending on the isomer;

We have carried out some experi-
ments in the Graz, Austria, laboratory
of Dr. Christian Endler™ whe prepared
for us a serjes of potencies of thyroxin
fram D5 to D30 The DS potency had
only the frequency OLI7 Hz;, each suc-
cessive potentisation of the thyroxn
added two more frequencies to those
in the previous potency, one of each
phase. The DX potency contained all
the frequencies of the D29 plus 7.5
MHz and 3.1 MHz. Tadpoles tested
writh a source emitting frequencies of a
thyroxin potency showed more ten-
dency to approach it than when there
wat no emission and showed more
avoidance when tested with harmon-
ics of the 50 Hz power supply.®

A long-range coh#rence interaction
extend ing to 10-metre separation wis
found betwesn pairs of tsdpoles which
had been synchronised to a common
frequency pattern. Mot only did the
tadpoles need 1o be kept in optical con-
tact, but interposing an optical filter
with a cut-off above 550 nm would
break the caherence. Similar effects
ware hound between aliquots of fre-
quency-imprinted water; in this case
the long-range coherence only ex-
tensded o distances of a few metres.

A resonance at the microwavi axy-

st have been interacting as a single
coherent entity.™

Macroscopic Quantum Properties
of Water

These results dio not fit the concepts
of classical physics, which pictures
alectrons as small charged spheres
moving at random under thermal agi-
tabion In classical physics there can
be no chemistry, and the only bic-ef-
fects will be thermal ones. Quantum
physics adds a combined wave-par-
ticle descriplon, and motkon is seen
in terms of allowed energy levels. The
quanturm concept was first introduced
to explain atomic spectra. It i now
needed to explain the many non-ther-
mal interactions between madiation,
water, and living systems, which are
themseives mostly water.

Recent work on condensed matter
{i.e. maiter not in the gas state) by
Preparata, Del Giudice, and co-work-
ers has shown that coberence is a fun-
damental pivysical property of liquid
water.™ When water vapour is com-
pressed it suddenly liquifies with a
thousand-fold reduction in volume. To
explain this, it is necessary o find the
attractive force that produces the
highly directional hydrogen bonds.

dichlorobiphenyl may have five or  gen lines (60 GHz) was found inwa-  Qualitatively, their argument goes like

seven depending on the isomer; biphe-  ter measurements which disappeared this

nyl itself had eleven frequencies. whe;_!l‘;tm was boued m I. Wateris only weakly fonised (pH
We have obtained encouraging e * resonalor containing = 7}, and any electrostatic forces

sults using the fregy mﬁlm wiater had a glass plate separation cor- would be masked by ions.

:d l. e ol e : mn-;&ma::::h:h?z:uvm:r: 1 Water is very weakly magnetic

i I_:T;:'il"“i h:l all::]m sponding to 60 GHz. It shows that the anddilm.lp\ﬁ:[:,wlﬂ:h would

s Hd:'"m ﬂ'lmll refractive index of water was not in- yiekd only weak repulsive forces.

silivity 1.9 volved so that the whole of the water 1. This beaves anly the radiation in-

I teractions
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Amalysing the interactions of an  est critical water vapour density st showing long-range order effects out-
electromagnetic radiation field +tthe  which the evalution of coherence do-  side classical physics, which are non-
frequencies of the water vapourspec-  mains can begin. At a temperature of  linesr, discontinuous, and describabile
trum, Preparala found that if the 0 K these domains would be 75 nm.  in tzems of a wave function or order
vapour density is above a cerfaineriti-  Af the ambient of 30K parmeter. They are strong effects, but
cal value, a very large coherentelec-  they would be 50 nm. and the pertion ther anky weakly couple o electromag-
tromagnetic field of 84 GV/matthal  of incoherentwater would thenbe 28%. netic Felds and thus behave as if st a
frequency appears within the water  Radiation becorves trapped within the very low tempemture; the vector po-
vapaur, which yields the necessary  coberencs domaing by total infernal re- tenBal appears tobe the coupling path-
force ol attraction for the water vapour  flection. Frequency informationcould  wayx
to comdense o a liquid. be stosed a2 quanum feld phase-co- The . " for the

This theory is based on quastum herence within chusters of these do- : of e oy

electrodynamical (QED) cohemnce
and prosents a picture of water a5 a

ter molecules all oscillating to-
gether coherently withan internal
dassical electromagnatic field
fom which develop attractive

TRB RS,

The physical sceuracy of this model
is demonstrated by its correct proic-
tion of various physical constants for
wtter.® Thee precicted critical volume
ta 57 em' /enale, which is close lo the
experimental value of 35.61 am’/mole.
The predicted Iajent heat of vaporiza-
tion is 4008 k] /mole, which is close to
the experirmental value of $0.3 k), mole.
The anomaly in the specific heat and

fecks in living systems as described

albove suggests that the important fea-

tures to be looked for ane:

1. Water and living systems should
be sensitive to a single quantum
af magnetic Bux, equal bo Flanck's
constant divided by twice theelec-
troaic charge h/Ze = 207 (Wh),

1. Interactions between cokerence
domains should invelve the Jo-

. i effect yielding 4 voltage/
Th compressibility of supercooled water sephson bect yrie .
E::'wh'::d s m':g it 43°C (230K) is corvectly predicted. frequency interconversion of ap-
o tic field bui wil] D emperature dependence of the proximately 500 MHz/mV (the
ey h‘m:rw by magnetic  *Pedific heat and the relative density reciprocal of the flux quantum).
frelds nor by any non-coherent are in close agreement with experi- 5 There shoubd be a sensitivity tothe
molecules or particles. ment. The 4°C manimum density vector potertial, which can inter-
ancanaly is explained qualitatively. Re- act through its nvolverment i the
$5 s { . of  centobservations of ike-charge attrac- phase of the wawe function, the
wnmhmwm tions in metastable colloidal systems S caas Bl G
these domains, having gas-li isexplasrued by coberence among their :
properties accounting forthethes-  gurface electrons and suggests thar  +  Thestorage of frequency informa-
modynamical properties, and  simdar mechanisms Py exist on the bion eoours within the time domain
ontaining all the ions anc sol- membrane surfaces of living cells.” as phase coherence.
- 5. The control of chemical ractions
The 84 GV /m coherence fiek giv-  Conclusions ooour through the vector potential
ing rise to these domalns has a wave- A macroscopic quantum system is and chemical potential.
lengh cormesponding to the 12066V chamacterised by the microscopie ef- The cutstanding enperimental prob-
spectral line of water vapour. This is  fects of quanitisasion of energy and s o be solved are the provision of
the 3-d transition from the ground momentumat theatomic levelexend:  mers convibicing evidence tyrough
state, which happens to give thesmall-  ing into the macroscopic domain, objective instrumerntation: a full theo-
Volwme 7, Number 1 Fall/Winter, 1598
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retical explanation is likely to emerge.
The implications of this explanation
ire: a deeper understanding of chemni-
eal and bislogscal control mechanisms
in living systems, improved diagnosis
and therapy in the management of
bealth and disease. and the possibil-
ity of inducingbio-effects at zero envi-
ronmenial electnic, magnetic and chec-
iromagnetie Belds through the inter-
action of the vechor potential compo-
et
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