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BI0PEY3IC FEH EVIDENCE FOR THE PI VUE IB II,- ITY 0?^

ELEC THOIiAGF" :! I1 LC R 'VC IAT I0F ( EAR ) BE IFG
THE PLYE IC EL BAB 13 FOR FOF-PRFCOGNITIVE
EXTRV-EE RORY PERCEPT IOF (

'• ')

FREE BLAU

The ipsue in not whether the Phenomena of extra,-sensory •percept-

ion exists, but rather, if electromagnetic or other physical theories

adequately describes any or all of the phenomena.
Electromagnetic theories for the phenomena actually predate

their opposition by more than three centuries. 'part from Cartesian
arguments leading to dualism and materialism, the "mental radio ’•

models have traditionally and even recently been opposed uoon a.t

least the four following grounds.
First ,

that although the high correlation between the electrical
activity of tb
established, the

Drain and body with many psi phenomena is well

.

i brain does not omit coherent energy or radiation
detectable more than a few centimeters from the skull. Second, what

energies are emmitted loss their power very rapidly, according to the

optical, or inverse to the square of the distance rule, and such can-

not account for telepathic nhenomen
thousands of kilometers. Third
thru" 'card deck clairvoyance

which occur over distances of

,
En theories cannot explain the "down

phenomena. Fourth, ny. ox.pl ainat ion of
precognition cannot possibly be

Let it be conceded that the
and well taken. However, as will be shown, there is new
that surercedes the first two objections. Although some
in t’- is field adhere to on only-one psi phenomena, nodal,

elec t r omagnetic.
third and fourth objections are valid

there is new evidence
researchers
we do not.

Apparently to some,
phenomena, it ramar

Although it wni

the plausibility of
for non-precognitive
beginning of our re

came apparent to this rose
physical about some esp

Because we ^

psychology, the

since Bra theories did not account for
mtly did not account for any of it.

3 our original intent to present now
electromagnet ic radiation being the

3.11 the

exar a.- s on so ry
•» .O CT gS O rch, about a

perception, sometime
year ago

,
and the pres

that there

evidence for
physical basis
between the

it be-mt

,

is little that is p era-sacnor
phenomona.

ind that par opsychology may be reconciled
tiro synthesized upon classical physics and

physiology

,

in content
this 'monograph has

Tith respect to its
b.een altered only in style,
stated purpose.

with
neuro-
but not

Upon the following cuotation rests the foundation of this thesis,

"Finally, extra-sensory perception and sensory per-
ception appear to be iuch .alike except in the relation of the subject
to the stimulus, ’Then sensory perception is tested at a. low level
of stimulus intensity which makes the proocess more comparable to
EVP, there is indication that it is subject to some of the influences
now known to effect EVP performance." J.B. Rhine (November, 1940)
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2. 3IHHE ElilOHT OP

Even before tho rrovontoenth century, the tonics of consciousness
and communication wore of control
theology. The phenomena colled extra.- sensor

ssue to natural philosophy end

and b 1.
0-

- informr..t ion Ion'
percent ion by some:

$Jisnory ox Doing mown oy
manv different names in many cultures and every historical time
It had, by this time, boon well demonstrated th t men’s consciousness
was interclonendont os well unon his biology and physiology, and that
these in turn were influenced by the physical environments

»

Although in rotrosnoot the issue concerns itself with the; data
derived from physics,* Physiology and psychology, the brief survey
presented here sho”s quite cleerly that the investigations under-
taken boro done so under the notion that the phenomena observed in

to phenomena observeone specialty eras not related to phenomena observed in other special-
ties. This becom.cs verV apparent when later on, radio rhenomoni
as practiced by electronic eng inoors and" radio phenomena. TTith
respect to esp, bests little relation to c<. ch other, in the minds
of the

: principal p arapsycholog; i c c.l invest in tor" of tho mid-
twentieth century.

It would bo rlif 'icult to sew TThen
theories of

vc ry f i rs t electro m a:metic
psi first occurred* because the Phenomena is described in

word"' that predate modern scientific terminologies. Appronos of the
specific issue at hand, the first mention of ana phenomena relevant
to the -perception and /or emission of electrical or magnetic energy
bw the human ora an ism occurs with Paracelsus (1493-1541) . He ms
ci. physician and reputedly a psychic hosier ns well, and he believed
that mr.anetiam ’mas a mysterious but natural force, that like the stare
influenced the human bohy even -at a distance

, by o. subtle emahation
that pervaded space. (Boring, 1929)

Prune is Bacon (1561-1626 ) in Gyly a,
.
or a Batumi

i
History

•provides several accounts of precognition and telepathy
,
noting that

them were natural phenomena, and that it belonged to a class of
operations
"work

'“onni 3 c
s

'

M1CC
ons

,

:: ’'transmis- -ions
,

" and influences, which
;
but not at touch. * at about the same time,

Yen Lelmont (1577-1544) originated the doctrine of animal mssnOtism,
by _ teaching that magnetic fluids radiated from all men, and may bo
guided :by the will to influence tho minds and bodies of others* (G-udas

A .contemporary of the above 'mas Gilbert, who in 1600 published
dG, jsiShoto, principally a treatise on the lodestone, Gilbert con-
cluded that the sun end earth t p:u both magnets, the diurnal rotation
of the earth dowonGont inon ohat magnetism. He also studied the
phenomena of "electrics/’, but did not conclude that there was any

naynebism end electric ity

«

relations 1

:' ip between
Again, Trc find another at •'•©'•rat cat a physical or mechanical

explanation of tho p’: enomona. TTith Glanvill ( 1636-1680 ) who couMcs
a world-soul hypothesis ruth tho observation that :t

. . . tho agitbtod
parts of the Brain (begot) a motion in the proximo Aether j it • is
propagated through the liouid madium, as wo see th.; .motion which is
caus'd :bv a stone thrown into the "ator. » (Gudas,196l)

It; should bo understood that at this time philosophers, who
worn's thy true forerunners of tho psychologists, were debating the
issue of whether a materialist or soitualist model most accurately
accounted tor man’s behavior and consciousness . The ouost ion which
was rokandlaE b' r Cartesin dualism is still relevant, and is
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stni _b^inr c’.obr.tod today.
. .It is obvious, oven to this author, that

mo ie.L i ot ic ( •aa.tTer--cnorgv ) socials r-.ro necessarily incomplete with
res/ooct co our behaviors rnl our identities. Accordingly, the valicl-lty o:c tho mind-body quest ion, io acknowledged, tho work" of tlic - V
philosophers of the post-Ronaissoncc is still relevant today, but nomuse pans- over tho history of philosophy and concentrats on’ thohistory of the physical is t models.
,

Anton J-Iosmer- (1734-1818) wo.c a Vione so physician who was able
o o.i i.ect cures both unon psychoneurotic 'disturbances and physiological

ones by oao uso of hypnotism, which Hosmo-r claimed was dependent urona phenomena of animal rao&notiem. His work is vary important to tho
quest ion of consciousness and control because it stimulator! not only
uarapsychological inquiry, but stimulated tho <»ork of Freud and June;into mo unconsciousness as well , The issue, then as now, was whetherthe cures That .hasher successful^ completed wore due to some outsidensvchoaine -ic-liko :corco

, that is oloctromo.cn i t i sm . or whether theywero cue to subliminal suggestions. Obviously the psycho somatic
controversies re raised. Hosmer hims -If at first used motal bar-

to rpoaucod his effects, but -later recanted from their
to o.emend solely on his own

use
'animal magnetism. " Hoc am

manno as
and c am
rlesmor |s. potoreity a scientific commission was set urn in 1784 toinyes ciaato tho matter. The commission concluded that fjesmer'sanimal magncTisra and naturally occuring magnetism (of the lodeston

of

variety) wore not similar "phenomena and 'me:: foil into disrepute.
.

It
1

i
P

r*out this saiac time that -animal electricity- is firstoo so rued oy Galvon i in 1700. Ho discovered that frog's" leys, whenconnect ea to two dissimilar metals, twitched
later ho created the first "wet b.otterv"
large number of -pro^

tho rill

leys. This was in 1794.
on an inorganic

live

.

by connecting in series a
It is only later
battery. It is an

that Volta creates electricity
?'1

'.l
oosorvation that many of man's technological Inventions areou b oro

:
i o.ct.ionv ox his own biology.

,

’7" 1°27 ^ Onm . hac. success.sully s ormil atod the laws of simpleelecTrie c.l circuits, those laws arc still in use todav.. The majorbream vh rough in rbvsics of the nineteenth Centura -as' the iificovnyby ; area ay in 1831 that on electrical current could bo originated bvmoving a wire through a magnetic field. It i,
of the unity, of oloctrrity and magnetism.. It

T.-ro r>
V; Ci-:a th o

year that tho technology had advanced sufficiently

:c irst' re al i c at-ion
in tho next

or Morse to
demonstrate telegraphy, whereby coded signals wore carried over
a is b ancos b-r use oa: cables (transmission line ) actins like low
xroouenc TT lumped parameter o-aloxf

long

O'" vroat Irmorthnce r,o the present issue is the results of an. , .

... - ~ O'* v iykjwe UJ.iO' X W:3UJ. US U J.

experiment carriea out by the psychophysicist Helmholtz, in 1850.
Her oro this date the mind' -body complex was thought to act together,
.. imul t. neously and instantaneously, at or near the snood of .light,wuicn was then known to bo about 300,000 km/soc. Tho functions ofthe nerves' were reasonably understood at this time, both anatomicallyand psychologic all

v

Horse

'

J 9

nerves,- like
light. To. bis
th 't tho sneeb
magnitudes slower than light,
in air. J

to t7 hero was a. new
nc we.;., al ,o not instantaneou

•lmoot universally assumed that thebut it
cables.

surprise, ent many others as well, Helmholtz found'
of nervous propagation was 50 m/sc-c, not only many

tr an sm j. 1

1

ed thoi i at the s;need of

but even slower than the speed of sound
.
for man was not only mind and body,

in either his perceptions or his
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1 I0P\Y9 1C 5 H 13TORY | 1359- -19 26 4

Fouronhysiolo y by this tins
"aotor neural location- in tho

reactions
,
that is, his control. I)r.r T "in 1 s evolutioncr" theory pf

1359 nric initotod additional controversy concerning the rise of|

mechanistic ( mat or i al ift i c ) 'ohilosophios of physics, biology end
history. The schism botvocn science nd theology is in part roj-

snonsihlo for the founding of the p nr an ojrchologi b si and psych icjel

research societies lato nineteenth conturjr.
Bernstein in 18.66 described the nerve impulse as a wove of;

negative electricity massing along the 'fiber. By 1871 >
ho shoved

that the impulse forend from, the negative inside of the fiber to

positive outside . In addition, it was understood at this time that
nerves roouirod a, refractor’* "period before being able to fire again.

ad identified specific sensory and
brain .and con’raJ. nervous astern.

Mavvoll's o oust ions appeared- in 1864 loading to the creation
of radio anvo frocusncy electromagnetic radiation in 1888. y 1895
Marconi ves able to broadcast and receive over a distance of several
Milometers ,

and suceedod in transmitting across tho Atlantic Ocean
in 1905 . Of importance to the biophysical theory of osp i-- the-

e.ppoarnCc in 1900 of Planck's lav, which accurately describes
tho . energy spectra of electron as ne t i c onorgies emitted from
an object of a. given temperature , For man that temperature, is i310°K.

dir 'dilliam Crookes (Rhino , 1934) attempts to exnlain tho
paranormal phenomena -as"high frequency vibrations of the other
generated bv the molecular action of the basin.” (1397) At about
this s amo time, oxp er iinent at ion based U">on Meber ' s (1834) and
Fechnor ' s (1851) loans of stimulus intensity and the threshold
of sensitivity (3 - k log R) confirm tho er.ist-.-nco of su.b--

liminal- (bolov-throobold) sensitivity, Myor 1 s , vho coined the jvorti.
t +tolom; •trl

s in p~rt )c cause an inao in ’wireless
telegraphy 1 also postulated tho ’hubliminal consciousness S’ ^rcu'd

(1899) intr uncoils c 10 ue lUnc'cioneo. m
relation to drowns,
of procogn it ion, in
called occult meloncos
Jung (1916) and others at this time

«+

in ho Tr the
.1though ho never acknowledged

Proud o.c c rooted tho oristen
The additional dream 'ork

ind i c ' t e that th
most frequent stare o' 1 ' consciousness in
occur* accounting for two thirds of all spontaneous psi.

Interestingly enough ,
that although into re at

ahenomen
' , in 11 its ^v-rio v; for as, precede ,

s

tha t
tho inter os t in analyt ic nsycbolo' ios by centuries, the 1914-1918
war appurentlv stimul "'ted , for a. brief time, more interest in the'

letter than the former.
iotvoon 1911 aid 1926 various radio engineers had found that

oes vac dependent upon many variables

,

the Phenoman
ICO O' thp * f o> •O ’U,0-

:
- inf i 0 r* of

die- dr0 c.h is th 0

leal pb 0none’n

3 psi

.

in th p sychj 1 c al
f into V ic ally of

the nrono/'ction of radio
such as

;
sunsnot cycles, t

etc. Two of the most import an"' variables in broadcasting are the
frccuonbv of the signal end. the condition of the ionosphere at

time of the day, the season of tho year,

given time with re spec* to that .
• frequency. Theoretical, models

f
r it

both confirmed that cloctroma not ic radiation
n distance (length) is a function of the vayo-

nox oces- arily diminish inversely proportional to

and onpiric.nl
intensity at
length, : and does
the square of the

vav . length s . The

the formulas available in 1911 end 1925 do not varv a/oproc

from tho accept ed numeric al values used toUny (1975)

distance-, the optical la.v for vim iblo light
numeric "l measures of attenuation obtained irom

1,7
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Porli ''"os the
o' mitt or) fa aan we.

irst ;ru: :rroaour~m.on~
made turn C oi 'samr

of the oloctromrw-netic energy
who darting, in 1927 one1 con-
y no in r b ro • d b one. f one r-tinning to 1941 measured the phonomon '

.

o.tor of 90 - 400 Mhz (5.0 - 0.75 motors) ,
ho sucoodic! in recounting

’•rith frequencies in the 3 - 400 Mho (100 - 0.75 Kioto- c) rouge. (These
T-ro.volGn.gths include lengths oquivlont to overage human height. F.B.

)

That electromagnet ic oftorgpy was nossibly tin agent of telepathy
was node nopul or hyr -many writers, including Upton Sinclair who- used
the title Mental Radio, in his 1929 hoof recounting his very extensive
telepathic omneriments. The same year' saw the announcement
hy T'orger

,
that beginning five years before, ho had aucoeded in measur-

ing the electrical activity of the brain, and had found that fr e queue

i

of 4 - 20 ILe ' characteristic normal b -havior, ana that certain of
the frequencies corresponded to certain mental states. In 1941? Dr.
Berger announced his suproval that brain waves wore tolenathy after
remaining hesitant for some gears.

.Electromagnetic energy?' was also being studied with reonect to
nerves 'and neurons at this time. Beginning with Phillinson in 1920
and continuing till 1938, various

. neurophysiologists had measured the
capacitance

,
" resistance ( impedance ) and other s. , current para-

meters and- found that the capacitance and resistance' wore essentially
constant in their values, and only the voltage varied in the neurons,
t'ch neuron was considered to behave as a resistance (and. later on
impedance ) in parallel with a can suit unco

.

Beginning in the early thirties Vasilovev began to perform many

'

s’ ort and long distance toieno.thy and suggestion oxoerimontf
noticeable are the results of on extremely long distance tost

.

kilometers , in \f- ich a, subject was; loworod into a. lo ad bottle

,

the percinient was capable of discerning; the state of the subject,
who was unconscious. V^siloyov at the time, 1937, w-s of the oninion
that electromagnetic rod i at ion wo.s a highly improb" ble source of
oss phenomena. Ho did however note that the metal bottle was not
cenable of shielding Em frequences of the cosmic ray range, or of
shielding the fro (mercies below 105 hr, because of their very long
wavelengths (greater then one hi dometor )

,

Moot
, 1700
yot

Also very active in th period was Dr. Rhine end his associates.
Rhine coined the Phrase oxtr ^-sensory perception with a tentative
morning of ’perception without the function of rocogni *ed senses. ’

ISO IS "aarnntly indenondent of recognizedlie continues,
forms, noiv-raclio.fivo but pro jectory. .- all quite non-sonsory
characteristics. ” (Rhine, J . ?? . , 1964, 1934) Rhino also voiced three
objections to the electromagnetic models . First, that electro-
mo,: notic radiation loses its power, inversely proportional to the
square of the distance (ibid, np 150 - 175) . Second, he mentions

'the problems of selectivity imposed by the problem, of everybody
transmitting continuously or simultaneously') Third, the objection
is •’•a

1con, end well made, that olcctroma- netism cannot explain the
phenomena, of clairvoyance, whore obviously their is neither an
imago to send, or oven an. agent to send it. However ,

Rhino con-
cludes, ('ro 215-222) that ^ - w

inherited
any other cognitive Process

,
and 'involves th;

ip is a biological Phenomena, may be
nervous

'* Tv

n a thy, clcirvov
-n c c ,

.

binesis and nsycbic he

> • » j.n r>

nd precognition
nl ing 1nto so n a.r

a

system
as in/

into one
cl as

quite as much as does
Rhine lumps tclo-

cato.gory, but tolo-
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Turylgin, in
exmosod to low
ir^on tho offoot of

1937 hr/3 found that human subjects felt drowsy T iien
xporimented

nd reflectors unon r. subject oxnosed to
intensity cm TTavos. Lot or, in 1942, ho

j croon

5

sue- r; o s

1

1 on s conce rn ing
remitt ing cloctromagn e

'

ai

sweating,
io energies-

Turl 3
ro in found th

of 1 „

8

- 2.1 mm
the

(1.67

theory of os i i To.s nro io o so o

i

1

by Bibboro. in 1951, hypojthosiz
-. rays (IO1 7~10 29 Hz) were rc-

yoar lot or, suggest

hvnnot ic
agent we
1.43 * 10

hi Em
ing that x-ray, cosmic rays ana ganm
sponsible for some of tho mhenomona. Rudorfor,
ed gravity fields -and neutrinos more responsible,

Lipnman, in 1951 ,
had detected extremely lorn frequency (3 - 3kHz

electrical fields emanating- from what more considered to bo normal,
that is, at -on i cal 'electric fisli, 1

Fouronhysiolo'- ist ,T
. Grey ’/alter commented ueon tho subject of

Fm and com in 1955. Ho discounts ’ tho cm models- .and provided four
specific objections. First, "no can calculate that they mould fall
bolow noise level within a fern millimetres from the surface of the he
His second thru fourth objection;! occur in one paragraph 2

"The size of th electrical disturbances which the
In font, tho 3/ arebrain creates arc extremely small

about tho size, within tho brain itself, of a received
signal which is just intelligible on an average radio
sot. Fore crucial even that this, their dominant
froouoncion are far below the range of radio channels,

. below o^on the scale seal-, of audible frequencies. At
/ ton c^ycies nor second, the avo ago froauency of alpha

,

rhythms
, rnv electromagnetic signal transmitted thru

soncc TTould have a iravelength of thirty/ million metres,
falter,

"
T .G,, Thy Living Brain, 1953, op 252-3.

It should also be mentioned that G-ro^ noted the lad of the ohcjnomcna

H

to be significantly attenuated either with rc spec' to space distance
and time distance, so ho atpureratty at the time adhered to the o|no-
msi m3 enomona model.

Hollowing his earlier wort, Lismmtm, in 1958 li<e,d succeeded 1 in
cond.it ioning fish with currents as low as microvolt por meter ( :V m-1)
by I960 ,

based upon the won 1

0 : Bulloch and Rag i war? new sense
organ, tho electrorecootor

,
was identified and found to be pliylpgon-

cally 0. member of tho acouetico-later o.lis system. The basic clbctro-
rocoptor a-as similar to tho- cilia-in- jolly secondary neurons of; the
auditory system* which wore then thought only for mechanocal cnpl

tomneraturo spnsitivifj,
Rashovsky (1955) does not state himself directly on the subject

noting also the obviously non-physical pep nhonomcna. nowovor, ho
completely maps out tho necessary physical conditions necessary 1 for
the operation, observation and hosting of cm psi models. He says,
"experiments by Idmund Jacobson (l Q 30 ) indicate that thinking results
in aoasur.ablo action currents in tho extorna-1 muscles of the body/.

Such action currents, small as they arc
,
of necessity create

electromagnetic fields. Unlikely as it in, it is not immos;: ibl:o

that some bighl 3
r sensitive nerves. may respond to these fields. "

In -1962 just such an olcctroscnoitivc resmonso was observed
Frc^. Using frequencies of 4*10 - 3*10^ Hz (l .0m-0,lm) human
subjects ronortod a buzzing or clicking ,sensation , only if tho
tommoral lobes of tho brain wore included in the illuminated arc?

by
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Prey hypothesised that the cochlea, was involved in the phenomena but
he adds that there is probably more than one electrosensitive site,

Puharich, in Beyynd_Telypa.tliy
, 1962 correlates psi receptive

phenomena with cholinergia and other physiological processes. He
hypothesised that gravity and "psi plasma" were partly responsible for
some of the telepathic phenomena. Because of the Faraday cage experi-
ments he performed he states, "While the experiments are highly sugges -'

ive that electromagnetic radiation is not the means of transmission in
telepathy, they are not means conclusive." He notes that while- in the
cage, one subject showed a pronounced gasping effect when 64O Hz ac
was applied to the cage. With respect to the nerve plasma membrane,
he calculates that the neuron could be considered a. circuit of mega-
ohm resistance, micro-farad capacitance and 0.2 henry inductance, the
latter fact first reported in 1941 by Cole and Baker.

Ihe next year, 1963, micro-oersted, 1.0 Hz magnetic fields were
detected emanating from the human heart by Baule and MePhee.

Wooldridge (1963) commented upon the telepathy-emr issue noting
the the difficulty involved was in deciphering brain waves since they
represented the average electrical strength of billions of neurons,
there was no possibility of unraveling the specific thought processes.

It is in 1964 that Mancharski states that telepathic communicatioi
occurred at frequencies from infra-low. to super-high (10~3 to 10-12 Hz.
Although I have not seen his thesis, the hypothesis put forward in thit
monograph perhaps best corresponds to Mancharski 1 s hypothesis.

I. M, Kogan, in 19 66, hypothesized that long* wave electromagnetic
radiation of 26 km to 960 km wavelength (11,000 to 310 Hz) could ac-
count for the phenomena because at this wavelength the field strength
does not obey the "optical" rule. Based upon calculations, which re-
grettably I have not seen, Kogan indicates that the human organism
generates four 4: o five times the necessary signal strength to accom-
plish very long distance telepathy.

Two prominent parapsychologists, Burt and Dobbs commented on ernr
and physical theories of psi in 1967. Burt announced, his opposition
to the emr theories based upon the objections that l) the inverse
square lav; diminished the signal strength raoidlv, and besid.es the wav-
lengths associated with the brain waves (3-30 Hz) were very (too) long
In addition, 2) he calculates that because the observed change in the
evoked potentials was 5-50 microvolts, the corresponding power was
10". -

.watts. To broadcast the observed distances, Burt indicated that
a minimum power of 10 watts would be necessary. Finally he noted that
some modulation or coding of the signal was also a necessary prerequi-
site. Dobbs however rejects the validity of the inverse square (optic
rule, based upon the ionospheric effects at ELF frequencies long observ
by radiomen.. However, Dobbs questions the emr theories because the ca.
culated field signal strength at the human scalp was. on the order of
10” watts. Kamiya (1968) rejects the emr theories of telepathy of
essentially the same arguments as Burt.

In his LAsc.tLP.®agne tic .Fields. ..end Life (1968) , Presman reviews
the complete history of the studies of sensitivity and emissivity
of electromagnetic radiation by living organisms. He acknowledges
bio-information transfer. by emr fields, but is care not to deny the
phenomena while criticizing " the parapsychol ogists and their methods.
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BIOPHYSICS HISTORY 1969-1976 8

It is in 1968 thi<fc the electromagnetic fields generated by
;
ELF

brain waves are first observed by Cohen. Using a cryomagnetomqter
5 cm from the shall counied with contact EEC- electrodes? Cohen

i

found

that the' bra,in emitted Elf dd fields of 2.5* 10“8 gauss? and later work

showed that the skeletal muscles emitted 1 - 100 Hz dc fields of
10~7 gauss.

Early in 1975 Persinger hypothesized that the 7.8 Hz frequency
associated with the first earth-ionosphere waveguide resonance: is the

primary carrier of telepathy. In addition he hypothesizes that
magnetic fields should inhibit the phenomena? as well as noting some

slight west-east propagation differences. In addition? Persinger
has done some of the most comprehensive experimentation and research
with resnect to the bimhysical effects of ELF and VLF electromagnetic
radiation. He reports the ELF brain wave field at 1 - 10 mV* m .

In mid 1975? Blau calculated the emitted brain wave frequency
field strength as exceeding the microvolt per meter level.

Puthoff and Targ? in work completed, in November 1975 and nub li she
in March 1976 discuss the ELF-telepatliy hypotheses and reject

;

them
under the considerations then that while the attenuation of the field
strengths over very long distances were very low? ELF could nojt ac-
count for the precognition experiences recorded in their remote viewin
experiments. Their second objection to ELF/VLF concerned the (reporte
channel capacity of the band as 0.1 bits « sec-1 at meter rangje distan-

ces and 0.001 bit • sec at 4? 000 km range. The above authors apparent!;

adhere to an' only-one-psi phenomena model.

This very brief history of the issue concerning the hypotheses
and counter hypotheses regarding non-precogn.itive ’psychic' phenomena
is ' presented an introduction to the question which is discussed in
more detail in this monograph. Some historical priorities may have
been missed in this introduction but have been corrected in tile text.
Our monograph is the collection of the work of many researchers over
many years? the author has merely synthesized it and therefore} defers
to all those mentioned herein any claim to originality or priority.

Aj technical abstract of the bynotheses appears on the nekt two
pages

.
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samurai ATPTOT.I

as tolenathv,

’.FD RB a POL33 TO

nhonomcna ouch as tolenathv
, clairvoyance and pro-

;ra~scnrory poreout Ions Toy psychic rose archer s
ond Forth America, where

"

, s the some she™
tion primarily in Past Buron o’ and the

jRji) yariou;
cognition arc called
primarily in Uootorn Buron o
noraonr. i B called bio- inform?
-ovie fc Union. In part, the study of the nhenomona has been influenced
by nha-r.it has boon called

.

,
,

^1 chough Burton in 1870 usos the terminology ;; extra.-sensuous par-
ccp-cion", its present moaning, as ponularly understood, is coined by

t
0 ^'c s cribo ps^rchic nhonomona as non-sonsory and aphysical.

i-

1

the time, Rhine included the nossibility of the phenomena being
sensed by an as yet unknown sonsory norcontion; unon other consider-
ations ho rejects any "sixth sense 1

' hypothoies.
.

Clearly however, before
non~ s onsory • o r ex t r a-

-

n ons 6 rv

,

nor so must show that none of jr

innortant since the quotation
suggests that sonsory as yell
behave ali ye in the region of
in this chanter that not onlv

-L

my nhonomona may be characterized as
on examination of sensory norcontion

no reoution is inaod quote . This is very
at the introduction of this monograph
aa oyt r a- -son so ry norcoption s ap nc ar ’

t o
marginal sensitivity. It shall bo shown

,

are there several re cantors canablo of
resnonne so electromagnetic energies, the applications of classical
nsycho q.aysics reveal several normal modes of sonsory norcontion which
x cic 11 i *b n g

c

"blic o 1 o c ’bron 1j x c rGiGonscs •

The relational! in between the .intensity of
subjective intensify of resnonce was initiej.lv
and Pcchnor in the nineteenth conturn- . In acne
sensation increased

a stimulus and the
investigated bv Vcbor

#i .
sral, o.s exnectcd, the

intons i-iy of the stimulus increased. The
cor ;.u_1 fxry

^
of laiio lnu st^vtoo *tho/t "blio ju3 notie o nb1 o~d

i

££

0

ronc o in
0 . cons 1, ant numerical value for a given innut intensity.

the

stimuli was

(3.1) dR - k.,„ (jnd)
-R

(3.2) Ql
'.J

- *

k log ^ a

where If r~>A ? cl “ constants

(’fiber's law)

(Pechner's Law)

]R

r
stimulus (Roiz)
liminal value of stirau? as

O' ^v) sensation

Careful consideration of the logarithmic relationship between
stimulus and response indicates! that 1 ) there is no such nhonomona
as a zero-intensity stimulus, and 2) sensation below the linen (thro;
hold) in theoretically nosnible. fJuch sub-conscious as subliminal
conditioning, ar well as memory of events consciously unattended to
i n c aa,s r; i e a.l n rvcb o 1 o s i c ' 1 fac % .

5

i

1

'0

-1

-3

-5

Pig 2.1 Pechner's Law

k log.
n

a
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:iCiJ GENERAL PERCEPTION

'ofinition, iho
which evokes response

lative thr
50fo or loro of

-f.iold is that stimulus
the time. Similarly, the

intone it

y

ebsolut
to ovoko response in

absoluteness of those threholds
Gauss ion distribution of ihdivid-

thrcshold is tli-t stimulus intensity which foil
QQfj of the tent trials. However ,

th
can bo called into question duo to
uni's sensitivities. Various studies show that in individuals the
thresholds mey vary from as much a 5 to 15 db from the collective
threshold standards. In passing wo note that the possessor's of some
psychic : abilities n.re sometimes referred, to as "sensitives.- •

”

In; addition to the intensity; of a stimulus, the threshold of
sensation is also n function of the duration or novelty of the stim-
ulus. In general

,
increasing tho duration of the stimulus lowers the

threshold for sensation; however
,
there in a point, called t$S^fheo--

base, beyond which ihereasing tho duration lowers the threshold 1 no
further. The combined effects of diffe: enti' 1 sensitivity and the
duration threshold phenomena rarely contribute however to mako more
than 5-15
should bo
dif-'oronc-

100
,

db' gain in sensitivity of
added that th-at amount of
meaningful

.

any given individual,
grin is sufficient to

Tho it
make tho

Lg 2.2 Typical strength
duration curve,

50 !

\

mV 01
0.01 " 0.1 1.0

Time (msec)
io.o

Relative a-lso to tho nuastion of sensitivity is tho observation
that t lid ability to perceive a given signal which is immersed in noise
increases as tho square root of tho number of observations of that
signal,; Altho this does not increase the threshold of sensitivity
beyond its relative or absolute vluo, spatial summation, as the
phenomena is called

,
indicates that provided a. stimulus is oupra-

throsbold, the more freciuontly, a phenomena has boon observed before,
is to detect when imbedded in noise or distortion.tho o:

(5.3)

iior it

nT'J ri o
KJ O 10

whore G
r;f

n
’

n

Gain in decibels (db) spatial summation
Total number of observations

For example
, consider t at there arc 3-1 million seconds per year.

”hat is; tho theoretical g -in for spatial summation for a twenty year
old adult for a. 10 Hz signal.

&(D 3,1) n

n =

3

•

1_\„l.o7. sec
vo^r

10__

sec

7 .o.i 04

X'lVPJ \qrm_s

sec

10 sec
20 va-rs

20 years = 6.2

i n®6.2* xu _s :i c a = 6.2*10^
20 years 20 year?

waveforris

.
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tor

(D

Oimilcrlv
!lz108

"

2 )

signr

n

what
.1 ?

the sp at i o,l summation

n :

j.

;a

c opt ion

GB ri
=

therefor;:

6 .

2

6 .

2

P.5-

84 db

10

10
10

8

16

,8,

j o c z 10

wavofo

"T’.vofor

for the s -’mug adult

a/ se<

:is

eramg
at on por-

' allots
3.3

to 1
the perception of
noise c roetod by nr^ur ' 1 or artifice! signal generators having flu
strengths substanti all 3- greater than that upon the sane carrier
frequency , 0 ostial summation then .acts like memory, and. in fact i

> is one of the equations which rel;
Relevant to telepathy, spatial gain

signals when imbedded in noise duo to crowds or
jy *

Id

one of the
memory.

Therefore, the
and-driod matter of

nb- oh onomon a.

thr ..O

a specific

which m

hold of

up morel phenomena of

sensation cannot
numerical value of

not only true that the value of the threshold may
the _ length of presentation, it mill vary as well
familiarity gained by previous presentation. In ;

some Phenomena which re perceived sololv because

bo o- id bo be a. cut-
stimulus. For it is
change dependent' upon
dependent uoon the
•ddition, there are
they represent a

jingle o.iscro be event. Presentation of the same stimuli in a series
nor evoke srv roapons?

so, it be
ancl

,
xu -j. -rs

perceptions
it is of groat

aomotime s do 0 s
deforo we leave this introduction to perception pc

reported emphasis that the whole nature of thresholds
lncluaos the phenomena of subliminal conditioning. For
importance that subconscious response 'occurs to subliminal stimuli.
If

1/0 r -mombor that the nature of thresholds is often determined bytbo voraal response o:t: a subject, the nature of the throshodd in do-termmoo. nor by whether or not the subject is effected by the stimulus,but rather, if no is conscious of it. It is now vidLlv accented thatmuch of man s behavior is .subconscious, he is not aware" generally ofnow he does what ho does. Consciousness represents only the tip ofthe iceberg.- The Problems causes Sorokin to note that there are twoschools 01 thought, one that sees consciousness as the master of bo in-

,

the ot.aor to sec consciousness- as the servant of being.
Lastly, as far as ^ tnis general introduction to sensation and per-

hp
P
nhipr.+Loi

nCe
T

,ne(i ^-'C 109 noi:ed i:ha '

fc altho a given stimulus maybe objeccively classified as to some intensity or quality, the nature'
-or example, in one

of percepcion is subjective and associative
^oatTcy experiment, an image of a farmer with" a Pitchforkresembled to ohe agent who drew -it, the mythical figure of" "the devil,"

* ^®
1 ?
erciP

1

ient
f}°

Be culture differed from the agent’s had not
i* ^ vocabulary, the notion or symbol for "devil,", but instead re-

J ®ii®
^

"bhe emot ionel association of something religous, and so drewinstead a figure of opposite meaning, ie, the tablets of Moses, stillhowever correctly "religous." (Targ and Puthoff

)

Similarly, in a study replic tive of Penfield, Sem-Jacobsen et al
nao. placed 2o 5

2

electrodes in 82 surgical patients over a period of ten
* Al cho .no response was elicited from 1065 electrodes, about halfof the remaining electrodes ( 805/1587 ) produced singular and discrete

responses. Or interest to us is that of the other half of those elect-
rodes eliciting responses multiple associations were produced. For
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example
,

14V electrodes elicited visual responses, of which only 42 were
uniqueIt virual, the remaining 52 responses were visual, with the

i

follow-
ing multiple associations in order of prevalence; sensor;1-

,
mood, motor,

ve vat .stive
,
cardiovascular and consciousness. Considering the oft men-

tioned importance of imagery in psi phenomena, the oppurtunity for con-
fusion and ambiguity is readily observed. ( Sem-Jacobsen and 3tyri

^
1971)

Let us also mention, in passim, the phenomena of paradoxical! hot
and paradoxical cold of which more later.

Therefore, there are levels of differentiation concerning
this process; first there is sensation, by which wo shall mean the object-
ifiabie properties of intensity and quality; second there is sensation,
which may be unconscious or conscious; third, there is perception 1

,
by

which T -re mean here, the conscious awareness of sensation; and fourth,
there is interpretation and decoding. of the phenomena.

3.2 DSN10RI CODING

Our human bodies are an ensemble of masses and energies, and: our
environment is also an ensemble of masses of various qualities and
energies of various fre fluencies and intensities. Thus we and the universe
are subject to the interactions of masses and energies, according to
the lawg of physics. Mien we are acted upon by the universe we are im-
bedded in we say that in the environment is an stimulus, which may
produce in us, a sensation, which in not necessarily an' awareness.
Through the biological evolution directly dependent iron physical: envi-
ronment ,

generalised and specialized 'receptors’ hove been created in
organisms, which thru selection allow an organism to appropr i ate 1

y

respond to that environment and survive.
Altho we shall soon, discuss the various receptor Physiologies and

mechanisms, of supreme importance is that when all the various mechanisms
have done their intermediary functions, what is produced .by the sense
receptors is an information or code which is a map of the stimulus that
produced it. Miat is coded in sensory process is information about
what hind of stimulus is there and how much.

The variable involved in taste and smell is the concentration of
a given ion or molecule, which on the quantum biochemical level is
essentially electronic and therefore a function of some electromagnetic
frequency.; In hearing and touching, both 'mechanical' senses there are
two variables, the intensity of the pressure and the frequency of! the
change in that pressure . Similarly in electrorecption ((El1"', temperature
(infra-red and. vision)) the stimulus also varies in intensity and
frequency.

Now, once a stimulus is superthreshold ,
-a current is generated in

that receptor, called the generator potential, which is a graded response
to the stimuli. This graded , that is ,

variable potential is then syn-
apted into the afferent nervous system, whose neurons create an all-or-
none potential of constant voltage, (viz Ho dg‘ :ins-IIuxl ev model) such
that what is transmitted by the afferent neurons is a code based: upon
the frequency of impulses conveyed by the neuron, (and this is supremely
important for the reader's understanding,) and not the voltage of that
impulse. (Ne mention this for the variable voltages seen in brain-
wave potentials is the statistical summation of the constant potential
of a varying number of cortical and inter-neurons.)
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0f the approximately ten to twenty billion neurons in the human,
body, only about 0,1 billion are afferent sensory neurons capable of
producing graded generator potentials. The two .primary sources of
human bio-informat ion are vision, which is electromagnetic radiation
between the frequencies of 4 - 7 x 10l4; Hz, and audition ,

which is
mechanics! oscillations between 30 Hz and 24 , 000 Hz. The nature of
neuronal reonon.ee is such that most nerves are tuned, eitli widely or
narrowlv to a specific frequency, such that when a neuron is activated
dhe specificity of the neurons automatically, and usually, uniquely
is addressed with a specific band of frequencies, such that the'
message encoded is the intensity of the stimulus acting upon the al-
ready frequency-specific neuron.

In addition, the brain, where the afferent signals
destination, is
(tono

)

i in "h Vi p
v w a. yuu.u uu 'jxu muij 'JiiiK i.j n um’; l i u ur-.r i v r~:i « y

for instance
in the ecto

f in kHz h '

-pa--

1

a
raes / p r

' /

have their
arranged tonotopically

; that is, a specific frequency
is located in only certain allowable structures of spaces (topo
brain. Several such tonotopic mappings hace been observed, as

the

ygj;

db

cochlear
;yrus

,

nerve, and the central auditory
See fig. 5 x

' • ^

analyzer
in KHz

'\ 8 mm
0 X-

.,10-
'

20-
o?4®.
0 . 2 -

aes

the

-30' db

,60 etb"

-9CT dtT
g -- _ /

Sylvian-
pes~ I gyrus v

Now, altho the frequencies of
are resrecticely in the KHz and 100
which both the generator and action
billions of times less frequent than
generator potentials, which may be added together, have no refractory
period, but a spike duration of 1-2 msec is de facto limited to firing
frequencies no greater than 500 to 1000 Hz. Similarly, the constant
voltage action potentials have refractory periods of about 1 msec and
so are also limited to firing frequencies below 1000 Hz.

Since, as we shall show later (Cf ch 5)? that neurons firing
below say 500 to 250 Hz do so with inductive reactance, ELF electro-
magnetic fields are created. Of importance to our study of conscious-
ness and telepathy, practically all sensory information is created int<
frequencies in the ELP range.

10."2
14 . 0,-'

22. OX
i 6 .o x ;

v 14.5
9 .

5

' 4.5

the auditory and visual stimuli
THz ranges, the frequencies at
potentials operates are tens to

input stimuli. Thus, the

The
intensity
conducts
is the membranes area
of ions and electrons

nature of sensory transduction is this: a stimulus of a givei
acre .upon an afferent nerve, which is a membrance which

ions. The larger the intensity of the stimulus, the greater-
activated

, and since this means a larger flow
thru that membrance., this determines the amp-

litude . of the the generator potential. The amplitude of
potential

, once synapted (either excitory or inhibitory)
the frequency of the action potentials. ’ See

generator

peak 100
amplitude
of the
generator
potential^

fig .
A

the
, determines

below

Oi
'

80
it'
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Inve st inations have been made relating the intensi
’

y

of the

put st.lmul i to the fr o (money output for all of the sense raodal it i;

Stevens hypothesizes that the sensory transduction -process follow:

power law, ie
f0 " axn p g 3.4

where fo - output frequency
a,yn = dynamic discharge response to stimulus

static discharge rate.

then 3.4 is rewritten, we see that this is simply a form of

log fQ « (n log x ± log a) ± b 0.5

the Heber-Fechner lawn relating sensation to stimulus, except here
the relationship is the frequency of neuronal output _ to the st imulu:

intensity, Altho most transduction processes follow the power
:

law-

over a certain range of input stimuli, it has been hypothesised
(Liretz) that the transduction process is better descrived by

-o = tanh ( hype rh o 1 i c t angent

)

i . 6

'wince, as we shall show, the greatest majority of output fre-
ouoncies are betwwen 0.01 Hr and 500 Hz, ,

some mechanism must provide
discrimination for all the messages crowding this given band, which
•because of the extremely low frequencies, have a limited channel
capacity. In n art If is identification comes from the exponent which
is generally uni cue for a given sense modality. Of importance; is that
these exponents exhibit values generalljr indicative of the oft
observed property of differences due to organism individuality,. A
corollary to this would be that there is probably no universally
compilable frecuencjr or waveform dictionary .for some phenomena;.

Table 3.1 is an arrangement of the various observed power l'w
exponents .as compiled by Stevens and by Lipctz from a. large number of
investigations completed on the average ,

since 1965.

TABLE 5.1 Power Law dx.poneni

0,10 -

0. 21

0,53
0.52

0.62
0.67
0 .

6

0.67

0.7
0.715
0.735
0,8
0.85
0.89
0.975

0.18 Vertex potential
light intensity av,
cortical potentials
Brightness 5° target
Av. cort. not. 200 II

a

vibration on finger
Same as above, 50 Hz
Loudness 3000 Ez tone
Smell - heptane
Deuel ar

i

%at ion current
optic nerve at 550 nm
Projected visual area
Intensity - light
Intensity - 680 nm
Tac tual hnrdne a s
Citric acid one subject
Illumination
Light intensity 620 nm

1.0
1.0
1.05
1.11
1.1
1.1
1.1
1.20

1.3
1.45
1 . 47
1.5
1.5
1.7

Cold on arm
Visual length
Sucrose -av. of 14: sub j.

- 1.97 Salt
'Elite noise duration
Vocal effort sound pressure
Static pressure on skin
Depolarizing current for
630 nm
Finger span
He aviness- lift e d we i gli

t

a

Citric acid -one subject
Tompe r aturc--warmth; on arm
!ac tual roughness
Force of hand grin

3.5 Electric shock- current
through fingers
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Although the maximum firing rate of a given sensory afferent *r
motor efferent neuron is limited to frequencies (usually) below 1000 H;
either because of refractory ueriod or spike duration, it is also
understood that stimuli change rapidly, so that the actual signal is
usually limited to only a limited number of waveforms in any given tirrn
interval. The various coding/transducing processes provide several
different modes wherein the frequency of neural discharges provide
unique and unambiguous information about the stimulus. For example,
in phase coders (T-type) or latency-burst dispersion coders (D type),
a given neurons’ output frequency is relatively constant over any giver
long duration, lets say 120 impulses per second. The coding occurs by
the mechanism that the discharges vary from their normal interspike
interval by only a few tenths of a milli-second, the information thus
being a code based upon the phase or earliness-lateness of a given spit
with respect the the average intersnike duration. Bullock, from who
the above coding schema are credited indicates that at least two
additional codings occur, one, a probability coder (P-tyne) which
produces spikes in a quasi-chance manner, and two, a, burst coder (B-typ
which produces spikes in clusters of varying number. (Szabo and Fessard

Once a stimulus is superthreshold
,

a signal proceeds into the
brain structures bjr various mult i ply--sjmanted afferent pathways. Once
in the appropriate cerebral structure the incoming information is
processed in masse, producing the Phenomena of averaged cortical
responses. It has been shown that these average cortical potentials
have almost unique waveforms for the given sensory input. The average
potential's voltage amplitudes vary unon the mechanism of whether or
not the appropriate neurons fire in phase . When neurons of a given
constant voltage and given output frequency discharge, amplitude
modulation (ie of voltage) is a function of the phase differences
between those neurons.

For example, in a neuron firing etc 60 Hz, there is one spike
every 1/60 of a sec, or 0,0167 sec. If another neuron, regardless of
its output frequency delivers to some cortical structure an impulse
that arrives simultaneously with the above 60 Hz frequency, the two
waveforms, much like oceanic tides, crest together, arapliflying the
voltage of the thus ayeraged cortical response. However,' should the
two

.
(or three, or n) signals be out of phase, varying degrees of

additive or subtra.ctive construction will occur in voltage amplitude.
Consider then that the message or meaning (not the information

as we shall later specify) is function of several factors: tho sensory
out-put frequency.# all usually under 1000 Hz; the power law functions
of the modalities, rrhich discriminates but their rate of change, (that
is growth) the modality; and the amplitude o"r the averaged cortical
responses, a. function of the phase of the incoming; frequencies.

The following is then very illuminating. Amplitude modulation (AT
is a function of phase. However, the time rate of change of Phase,
that is its. first derivative, is degrees per second, that is frequency,
Fow, in addition, the waveforms arc transient, growing and diminishing
rapidlv, and tho frequency also changes, with respect to time and the
first derivative of frequency is change of frouoncy per time, or as
wo kno^.it, frequenev modulation (FM). Therefore, the 'message 1 is
a function of phase, tho first derivative of phase, which is frequency
and the second derivative of phase. which is frequenev modulation.

Message

( AM

)

(PR 10.

)

which is frequency modulation.
A <|>

2

‘

2
“

A T
(FM)
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tho r:oko of simplicity, tho coefficients

3.7 ,
But it should bo understood that in any given

limiting that facesage ' to onl?

,vo boon eliminated
’moGsage 1

or
7 CJ

shall so
another

,
are some

31)0 Ct to tl

For
from Fa.
tho coefficient of any term may ho ocro

one or two of the possible throe commoner), cs .

All of the sensory codings wo have soon
va.ria.ti at ion upon frequency coding, yet thor
codings; which illuminate tho nature of perception most poignantly.

Most of tho codings we shall examine are continuous ,
that

.

is cUo>? may

have any value from tho minimum to tho maximum for that given f-.jensory

modality, except those of olfaction, and. perhaps some others that have

not yet: been investigated.
.

>

Hughes et al implanted electrodes into 23 patients during orrho

neurosurgery . ^Standardized atmospheric solutions of various oq.oran fcu

were adm ini stored to the patients end responses were recorded from the

olfactory bulb, and amygdala of tho conscious subjects. Tho results
can only bo described as revolutionary ,

for what Hughes end hi£j co-

.

workera had found was that odor qualities wore recorded into spqcix ic

,

that is' discrete frequencies ,
rather than a wide band of frequencies.

Altho some of the lines responded to more than one stimulant, it could

he said in general that only very specific frequencies were allocated
for very specific odorant quel it

i

jo, tho result being that some sensor;

coding was as accurate and as specific as emission or absorption lines
from stellar spectra. Here it can be said ic epeo '.fio evidence for

a diet ionary- -like frequency code of sensation. Table 3.2 lists the

maior fro queries- components in c cl.oe per second, in a human olfactory
bulb. (J.R. Hughes, et al

)

Table 3.2
0

1

f ac t o ry spectr al Linos

Odorant
Menihone
Peppermint
Huger ol

25.8
33.3
30 .

3

26.4 38.3

46.0
51.6
51.6

50.6 51.6
53.3

57.3
65,9 68.5

additional common lines occur at 70.8, 72.9, 73.9, 75*8
end 79.9, with components higher than 140 II z being very rare.

figure #3.5
Let us conclude

d i agram s . The first

,

joint position receptors, and
of a muscle stretch rocoetor.
as wo shall later
do not exceed 5O0 II z, tho following diagrams
no sensory output frequency exceeds 500 H z.

Hone joint receptor

1 is section on sensory coding by showing; two
shows the output frequency of bone
econd, shows the output frequency

asked to
1

verify;tretch receptor. Although the roador
show, that audition and vision output frequencies
w- th are added

Muscle

evid;

load
impulses
per
second

impulses-

mce that

receptor
\.y

per
-L ;

,/j

30 \

second
j

\ //
1 / \

\ S'
20

\/l , / it \

\

50
|

X
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1) ! /

(
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i
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5»5 Kl.octroreceptors a,nd the Acoustieo-lateralis System.

Although it is popula.rly accepted that there are five senses ?

ie. smell, taste, touch, audition and vision, recent physiological
irork has . identified many additional sense modalities, including pain,
carbon-dioxide and specialized eloctroroceptors . Of interest to the
tonic . of sensation and perception is' the fact that a given physiologic
identified . sense organ may respond’ to more than one input sense modal-
fty. For instance, pressing the eye lightly creates visual 'phosphene
imagoes

, whereas certain pain and thermal receptors in the skin respond
as well to pressure. .Additionally, pain may be nerceivod by injury
in areas in the skin which are not innervated by either touch, pain or
thermal receptors.

In this section we shall demonstrate the existence of specialized
olectrorocoptors

, but it is our additional thesis that all neurons and
some synapses are olectrosonsitive . Consider, for instance that that
which we . call taste and smell is really a function of given concentrat-
ions of ions, which themselves are electrical charges of specific
polarity (valence) and frequency. Similarly, that which we call hear-
ing occurs

•

.

when a. mechanical vibration acts upon the cilia in the
organ of.Corti, it is the stress-strain mechanical energies of the
cilia which create* boat (infra-red) which stimulates the auditory
neurons ; the specific mechanism is called piezoelectric. Thermal
receptors respond to "heat”, but that which we call "heat" is specific-
aliy infra-red electromagnetic radiation. Finally we shall not'belaboj
. the noint that vision is the response to electromagnetic radiation
in the 1 •visible-light" frequencies.

The specific electro-receptor organs as described forewith are
all revealed from research in ordinary and electro-sensitive fish.
However , since our thesis is specifically electromagnetic reception
in l,he ELF bands and the 25m to m band, the reader shall keen in mind
tha,t^ these electroreceptors are part of the acoustieo-lateralis system,
0-" W-iich i/he cochlea and semi-circular canals in man have evolved,
and also closely resembles the "acupuncture point system" both shown
to oe electro,sensitive

.

Leydig in 1851 had studied the lateralis system and concluded a
sensory function for the organs. Later, Schulze, in 1861, had hypo-
thesized that the cupulao of the system were stimulated by l) water
movements directed, against the fish or amphibian, and 2) /low frequency
vibrations (sound) in the water. Sand, in 1958 demonstrated that the
ampullae (of Loren zini) were infra-red sensitive. In 1955 Hansel
confirmee Sand's work and extended it to show the similarity with
mammalian thermo-receptors.

Li.ssmann, in 1951, had discovered a low voltage 0-550 Hz steady
-ischarge from electric organs, and later suceeded in conditioning
a species of fish to microvolt ELF fields. Bullock ot al, in 1961

1<be specialized electro—receptor organs- were derivsti
of the lateral line sense organs. (FE3SARD, 1974, ed.)

Tho specialized lateral line organs of which we shall soon sneakoccur in Integration with the ordinary lateral line systems, that is,not in substitution. It should bo mentioned that species not contain-mg "the SLL0 reonondod. “co electrical fields o:f mV intensity in the BLF
range.
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There aro throe basic tyres of lateral line organs. The first
are the

:

ordinary LL0, second and first order neurons canned with micro-
villi., in general only mechanically sensitive, however ,

still piezo-
electric .

Ampullae, viz ampullae of loren*ini ,
are canals, usually 1cm long

by 1mm in diameter, filled with an acidic mucopolysaccharide ,
and are

directly connected to the epithelial layers. The wall resistance of
the canal is 6M A “cm^ with a capacitance of 0.4 -0.8 PR* cm-2 The
jelley however, has a resistivity of 25-31 n *cm? an<3- a composition that
varies' somewhat spatially, but in general is, in mM«kg“-L HjpO, 2fa(2) 445
Ca(2) and Mg(2).50, ^l(-l) 580, K(l) 12.5, and urea 75 (MURRAY)

The ampullae occur in many varieitos of fish and amphibia, In
general the end organ is 10-115 pm in diamter, with groups or clust
ers of 10-50 ampullae per organ . The density of the organs range from
12-80* item"''

.
and may number si total of 40,000 in any given species.

Of specific interest to us is! that the ampullae respond to field strong
of 1-15 yV«m-l if and only iff the input frequencies aro low, that is
in general, less than 300 Hz, and most ofton, less than 50 Hz.

The third type of lateral line organ is called tuberous, and is
found onljr in weakly electric fish. The tuber ii are located in invag-
inations below the epithelium; and surrounded by _ supportive colls. The
tuber ii responded to fields of 4-20 uV*m~l .of high frequency, usually
up to 1000 Hz, specifically synchronous with t ho electric organ: dis-
charge of that fish or of electric fish of the same specie.

Figure 3.6 shows the comparative
'

physiology of the three receptor
organs. Ordinary lateral lino olectro-rccootors are innervated by an
efferent neuron, tho ampuallab and tuborii are not.
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Specific electro-sensitivity was demonstrated by Di jkgraaf : and
Kalmijn .(1963, 1966, 1971) in a series of experiments omnhasizingboth
electrolocation and conditioning stimuli phenomena. At first they
noticed that dogfish resnondod to a 5 Hz 10” 5 V»m“^ field by a twit chin
of the eyelids, interestingly; enough, when the dogfish wore drowsy.
(Altered States' researchers

,
take note!) Later they noticed that when

tho ECU .was monitored, the heart rate slowed from 1 Hz to 0.7 ^ z when
stimulated bjr 10”° V*m”^ fields. Late in I96 S dogfish wore trained to
seek food with a 4X10”5 V.m-1, field. In all cases, tho responses to
stimuli! or conditioning ceased when the ampul 1ary nerves were sections
even when the field strength was raised 30 db (1000 X). In addition
it was noticed that the dogfish naturally avoided areas where the field
strength was 1- 0.1 mV 1 ®"-*-,

Three types of responses to E fields were noticed. Tho first
reaction was a twitching of the body or appendage , ^usually in ' response
to 10 - ;l 7"m"1fiald but some timeo t.o low as 10“ V*m' -r The >cond
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response type is galvanotaxis, a turning into or perpendicular to the
field. The third response type is galyano-narcosis

,
an immobilisation

of the tost subject.
Pinal proof of specific electrosons.it ivity was provided by Kalmij.

who sequestered a flatfish ' prey ' in sand, and with other controls
excluded visual, mechanical or chemical clues, yet the sharks and rays
were able to locate the flatfish. Extra, weight is added to the evident
when an artifical current similar to that of the flatfish produced the
samo location results.

.

Figure 3. 7 below is an adaptation of Table 2 ( in Kalmijn (1974),
which plots the electrosensitivities of the various species tested, by
numerous authors. Two types of electrical energy parameters wore
presenr at^thc time of testing, one being field strength, in volts per
meter (V*m ) and the other being current density in amperes per centi-
meter s quared (A*cm"2). Curve fitting reveals that the relation be-
tween the two threshold parameter is

(3. 8 ) log V»m”l log A* for* 2 5,0
Figure 3 .8 below shows that in sharks and rays, generally consider;

weakly electro sensitive, the relation between current density and in -

put frequency reveals that the threshold, increases as the frequency
increases, a relation which is also observed in man (Cf. 3.6 - 3 . 9 ).

0 . .

log:
Volts per

p
.

' ... .

meter

-4

-6

-8
|
-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2"'

log
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Although specific eloctroreception has been demonstrated by Liss-
mann, Bullock, Kalmijn and others, of specific interest to us is that
tho ampullae have boon demonstrated to bo widely receptive to other
electrical and para-electrical Phenomena. Tho reader is requested to
study the following closely, for what has boon demonstrated in the
ampullae of fish has also been observed in man, that is both wide and
n irrow electro-response.

Hero the work is primarily due to Murray, specifically on the
ampullae of Lorenzini. Our interest in this organ is due to t ho fact
that it is widely distributed in vertabratos, and its response to
electrostimuli is a, conic, that is frequency coded message , whereas
the tuber ii , round only in fish possessing EOD, responded with phasic,
burst-dispersive andtonic-ph asic codings

.

Figures 3. 9a to 3.9b below show the following responses of a
single unit of ampullae. In 3.9a tho input parameter is voltage and
polarity. Notice that the organ has a discharge rate of about 30 Hz,
and tho output frequency therefore codes polarity and intensity. No tic
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Returning to specific oloctroreeopt ion ,
it was observed that

stimuli of duration 0.1 to 1.0 seconds wore race b effective in eliciting
electrorosponso . .

Waveforms of the above durations are equivalent to
10 Hz to 1,0 Hz frequencies . Also observed was the phenomena that
stimuli that were either too brief, or sustained for too long were lee
effective in producing oloctrorosponso . Along the same lino ,

it was
shown that' stimuli that were either amplitude modulated or frequency
modulated gave response when the field strengths were as low as
10 The most effective frequency of frequency modulation was
3 Hz. Let the render remember this, for in the next section, (on
audition), it will be shown the the auditory sense, again, histologies...
derived from t he LLO also demonstrates a propensity to sclectivly
respond to certain stimuli, if rand only if that stimuli is either
amplitude or fre auency raodu.la.ted

.

In addition to the above electroreceptive characteristics ,
a

phenomena of value ‘o the biofocdback researches occurs when two
olectrosensitivo species with electric organ discharges (BOD) were
connected with contact electrodes. It was observed that when the two
fish of the same specie, each with the same basic EOD frequency, were
connected, both fish we~c observed to change their EOD in such a ma,nne:
to produce .dissimilar, that is divergent EOD. Scbeich and Bullock
indicate that this i; jamming avoidance response" occurs so that each
fish can discriminate its own neural patterns, such that confusion,
and therefore less self control may be avoided. This JAR accurs only
if the EOD’s arc within 15“ 20 Hz of each fish' own EOD., and is most
pronounced when the difference is 3-5 Hz. This is related to the
EM response to 3 Hz, since two fish within 3-5 Hz of each other will
produce high amplitude 3-5 Hz modulation of each others EOD.

The phenomena of eloctrorceept ion has boon studied by the various
psychologists, physiologists and biologiosts, who deem the phenomena
as necessary for the survival of the aquaric species observed. They
call the phenomena oloctrolocation and electrocommunication, yet a
perusal of their bibligrauhies indicate that none has cited or studied
the biophysical or parapsycbological literatures, and their conclusion
wore thus reached independently^

In oloctrolocation, for example
,

in Eigenmannia, the males’ basic
frequency wan 250-600 Hz, whereas the females’ was 340-560 Hz. Similar."
an adversary or prey may bo located at a distance thru olcctroroccptio:

Again, certain current voloocitios in the oceans or streams con-
tain specific life forms, and it has been demonstrated that sensitivity
to current velocities as low as 2.5 x l05m« sec-lexist . Another report
indicates that 10“° m*soc“ may be used as a conditioning stimulus.
In a similar study, a 2 vm vibration at 15 Hz resulted in a 50 Hz sign
(Schwartz).

The ampul 1ary organs, specifically electrorccptive
,
have boon

shown to have, evolved independently in several species of vertabrates.
And, nltho the LLO are found only in water dwoliero, evolution has
produced two organs specifically derived from the LLO. At one time,
olf.action, vision, and certain cranial nerves were part of the Lateral
systems. In men, the vestibular canals (not unco incident .ally named
Ampullae by anatomists), and the cochlea are directly descended by
amphibia! LLO. In the next section wo shall show the very close
similarity between the oloctroroccptivc ampul lary organs in water
dwellers, and the acountioo—oloo bro ruoovtivo vestibular ;m<3 cochlear
organs in man.
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3.4 AUDITION and MECHAN0-R3CBPTI0N

Hop ailing that J. Rhino has indicated that GESP is ultimately
processed thru the central nervous system and that the acoustico-
i atoralio system proceoooc some clectro-rocopt ion ,

it behooves us to
study p.udition and the mochano-rcopot ive functions, for it will jbe show
that there are gonerali sod responses applicable to all sensory modalitj

The sensitivity to sound is in fact the sensitivity to mechanical
vibrations sot up in the atmoshhoro • Tho inner ear is the site of this
acouo t ico-mochan i c al reception, and those familiar with audition know
that the mechanical vibrations set up are relayed to tho inner ear by
a. skin-like membrane, the tympanum, and then thru throe small bones,
the malleus, the incus, end the stapes to the inner oar which .contains
both the semicircular canala and the cochlea, both of which innervate
the eighth cranial nerve. It has boon shewn by von Bokesy, who won the
Nobel Prize for his work, that the process of audition includes that
of hone: conduction as well as the response of the whole body to mechanc
vibrations. And altho audition is a special zed sense sequestered from
spurious vibrations, wo
is a kind of mechano-rcceptor , the
In addition, tho skin is the site of contact electro-reception,

shall show later how the whole organ of
results applicable to "dormo-

xne s.o
optics

,

and
it shall be shown the similarities between these various sense modalitic

Specifically, tho organ of audition is
in the Center of tho cochlear spirals. The

the organ of Corti located
Organ of Corti is a layer

of hair cells connected tothe basilar membrane which connects directly
to the eighth nervo. There arc about 15,000 hair colls on tho .basilar
membrane and a total of .about 15,000 neuron fibres in tho coclear nerve
These hair cells range in size from about 130 pm, which arc high froque
cy responsive, to 275 pm, which arc low frequency responsive. Of un-
usual interest is that these nerve fibres have afferent norve ending,
tho tho ire is no motor function to bo found, and in addition tho ootenti
across tho hair cells in the organ of Corti is about 140 mV. Since
these cells aro approximately 140 ym in length, the field strength
represented in the orran of Corti is ;

3 .

9

E = dV • ds" 1 = 1.4 n„lCr^v __ _ l.o* 105 V* nT1

1.4 *lcH'm

The hair cells in tho organ of Corti relay the mechanical ivibratic
sot up upon them from the stress-strain reactions caused by their bond:
a heat set off by tho friction then stimulates, thru this piezoelectric
process!, the generator potentials. Of interest is that

,
up to 60 Hz,

tho output frequency response is an exact' match of the input frequency
response. 'Above this frequency specialised areas in the cochlea at
specific distances from the stapes produce complex volleys responsible
for audition at these frequencies. In addition, the three semi-
circular canals, which resemble throe mutally pcndicular half-loop
antennae, arc also innervated by cupulao and microvilli which also
respond! in piezoelectric process to mechanical bending set up by chango
in velocity and acceleration. Those semicircular canals arc about
1 cm inj hoighth, and thus may provide oloctrorocption form EMR in
this wavelength.
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Our into root in audition
ah in to tho late -••alii

jtorac from that oonso modalities* rolatio
system, but also from tho fact that audition is

a sonoo modality concerned with tho frequency and tho intonoity of
tho inpinging stimuli. Altho the energy intensity by which audition
is measured is usually Watts per centimeter squared (W *cm“ 2

), tho
various energy dimensions o.ro interchangeable

, like motors into foot,
and it can be directly shown that tho olectro-sonsitivty threshold
may be computed directly from tho audition thresholds. (Cf 3.5 )

hnc; as vo hrvo indicated
that

that audition is a skin membrane

,

there exist several formulae re-
mass, and tho proportion of bone mass

bone conduction phenomena, and
lating akin area to height and
to total orvan ism mass, it is not surprising that a mathematical relat-
ion ship exists between auditory thresholds and physical body moasurom
monts. Mastorson and Diamond have ompiriCcally produced tho following
relationships, Eq. 3* shows that the lowest frequency responded to
is related to
threshold it

threshold.

body mass, and that in addition, the high frequency
a mathematical function of the low frequency cutoff

3.10

3.11

low 4 *^^Snio.,G8 (kg)
35

1high " 20 kHz x log f]_ow

2.5

Other physiological aspects of .audition illuminate processes
relevant to extra, or as ono professional calls it, expanded sensory •

perception. Von Bekosy studied t ho auditory thresholds with respect
to throe variables; heredity, ago, and real time. He found for instan
that the audiograms of members within a family wore significantly
similar, whereas an audiogram of someone not in that family differed

well significantly. Vis, a proof of the heredity of sensory and
perceptual abilities and responses. In addition it was found that
with increasing age, the ability to perceive sound frequencies and
intensities was attenuated at tho high frequency response band, but
was basically unchanged at the low frequency end of tho acoustical
spectrum. Of very specific interest to perception was von Bokesey * 3
observation of the following. Audiograms wore ma.de of subjects'
threshold sensitivities at two frequencies, 200 Hz and 1000 Hz, and
observed for a duration of twenty minutes. It was found that the thro
holds varied 5 to 15 db with periodicities of 8 minutes for the former
and 6-J- minutes for the latter. It would prove to bo highly illumin-
ating to discern if ea.ch frequency had its own periodicity of thres-
hold sensitivy, for in addition, periods of 8 minutes and 6\ minutes
are in effect frequencies of 1/480 seconds and 1/330 seconds, and it
is well demonstrated that higher frequencies are harmonica of lower
frequencies, and we may summize ultra-low frequency modulation or
driving of higher frequency ncoustico-mechano-electro-sensitivitios

,

In this section we shall observe tho various response character-
istics of tho auditory system in order to establish the limits of the
energy perceived. It has been adopted as convention that tho root-
mean-square threshold for audition is 0.0002 dynes*cm" 2 at 2000 Hz,
the fcquoncy of highest sensitivity. However, von Bekosy has observed
sensitivity thresholds of 0.00005 dynes. cm-2 at 2200 Hz. Therefore,
while wo shall _ discuss standard auditory thresholds, but again tho
reaaor is cautioned th.at tho demonstrated human perception thresholds
may vary as much as 5 to 15 db below the 50$ population standard
threshold.
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Like the olectrorocoptivo senses (ELF, infra-red, and vision),

audition is orgotonic, that is, its sensitivity of energy (ergo) is

a function of the frequency (tono) of the impinging stimuli. Also,

like the elec trorecentivo senses, audition shows the property of

oxcitory and inhibitory response. That is, most neurons have a base,

that is a static discharge rate, so that ,
while some stimuli canoe an.

increase in the neural discharge rates , some stimuli cause an inhioitic

that is decrease of the static discharge rate. This is
.

a ^ very inter-

esting aspect of sensation and perception, for the percipient must be

aware that the information is "the absence of information, ", or to^ put

it crudely, the percipient is required to be aware not of the dpnut,

but the hole.
!

Figure 3 .I 3 below ic the oft reproduced and now standard auditory

intensity-fro quoncy response chart. The sound pressure level is given

in dynes'* cm"
2

" and Joules per esqunre motor per second on the left hand

ordinate and (tentatively) Volts per meter per square root of the froqu-
-1nocy (y*m-lHz“T) on the right. It is convenient to use J*m“2

rather than Watts •cm” 2 because wo should like to bo able to calculate
the energy in a given fro qu.0n.c3r waveform. (See the next section for

conversion factors.)
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Additional evidenco for the coding of sensory information Into the

ELF band can be seen in Figure 3.14 below, which charts the frequency
of the noural impulses in response to

.
a. given stimulus intensity input

for neurons with fro quoncy-snoc ific responses. Notice that thol hyper-
bolic tangent (tanh x) growth rate saturates at about 450 Hz.
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