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BIOPEYSICS WA FVIDTICT MOR THTM PLAUTIBIL LY OF
STOACTROMAGTTIATC RADIALTION (3R) BAING

T3 PLYSIC L BASIS POR FOMN-PRICCGIITIVE
IXTRA=52 HORY PIRCTIPTION (752)

FRIED BLAU

The issue io not vheother the mhenomene of extro~asencory mercept-
jon exists, but rather, if slectromsgnetic or other ohysicnl theories
adequately describes any or all of the nhenouncneo.

" Tlectromasnetic theories Tor the nhenowena cctually »redete
their onmosition by more then three centuries. ‘vnort from Cartesien
arcunents leading to du-lism nnd weterislism, the "mental radio®
medels have traditionally snd even recently been onnoged u»on oF
lenst the four following grounds.

Tirst, that ~lthoush the high corrslotion between the eleciricnl
activity of the brain snd body with many »si nhenonena ig well
established, the brain does not cnit coherent cnergy or radiation
detectehle more thon = few centimeters from the skull. Second, vhat
enersics are emmitted lose their vover very ronidly, eccording to the
onticel, or inverse to the squere of the distence rule, and such con-
not account for telenathic »henomens which occur over diglbonces of

housands of %ilometers, Third, B theories cannot explain the "dowm
thru" cord deck cloirvovence phencmens. TFourth, -ny. exnlainetion of
nraecosnition cornot »mosgsibly be slechromesnctic,

Let it be conceded thot the third end fourth objections are valid
2nd well taken. Iowover, ~g will be shown, therc is new evidence
that suvercedes the Ffirgt two objections. Although some researchers
in t'is field odhere to =n ounly-one psi nhonomena nodel, 're do not.
Annezrently to some, since Bm theories d1d not account for 211 the
nhonomens, it ooverently did not account for wny of it.

flthoush it weos our originnl intent to wresent now evidence for
the »laugibility of electromognetic redistion being the »hvsicsl bosis
for non-nrecognitive cx’ro~sconsory percevntion, souctime beteen the
berinning of our rescorch, rbout = yzor ~go, =nd thoe nresent, it be-
ceme annarent to thig resesrcher that there is little thot ig nera-
nhveicol chout ~ome esn vhenoncna,

Becouse we find that noronaychology wer be roconciled with

svchologv, the two synthesized unon cl=ssicol physics cnd neuro-
vhysiolosy, this morogronh hog been altered only in stvle, tut not
in content =ith resmcct to ite ~t-ted nurnose. '

Unon the folloving cuotation reste the foundotion of this thesis.

"Hinelly, extro--songory vwercention and sonsory mor-
cention omporr to be ruch wlike excent in the relstion of the subject
to the stimulus. “Then sensory »ercention is tested ot o low level
of stinulus intensity waich -1~ke+ the »nrocecess more comnor~ble to
7P, there is indicotion thot it is subject to some of the influcnces
now tmown to effect TP »nerformance, J.B, Nhine (Movember, 1940)
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Dven before the revontcenth century, the tonice of conncibusness
end conmunication were of central tssue to 7otural rhilosophy ~nd
ﬁheolOﬁyo The whenomens cnlled o r“‘““nmorf nercention FT 30He,
~nd bio--information ™v others heog lon’ hisvory of being ‘tmowm by
manv different nomesg in mrny cultu s rnd 2very historic2l tinm
Tt hod, by thiz time, beoen wall O\dOﬂm cr~ted th t men's consciousness
woi interdenendent cs well u»mon h1° hicloww =nd OHT“lOlOFV ~nd thoat
theae in turn wer~ influence? by the vhysicol env1r0ﬁn“n S

Althousb in retrosaccet the issuc concerns itself with the deta
cerived fro=n »hveics, »hvgiolosy and ﬂsychologvy the brict survey
nresented here shots cuite clerrly that the investisotions undor-
telken were donz so 1mndar the rotion th-t the -henomenn observed in
one swecialty wog not relcotad to DH““OWOEL o?s*r 224 in ovher gznecinl--
tics. This bacones verw anmoront +~hen loater on, radio whenounscne,

oo wracticed by electronic ~n-ineors ana‘ rd10 ohenorcnd vith
roamcet to esm, henmlittle rolotion to c.ch other, in the ainds
of the »rincinsl =areonasveholosiccl investisr~hor: of the wid-
t-entieth century,

;uﬂ

Tif Ticult to «co vthon the very fivest 2lectronesnetic
irgt occurraed, becruse the mhenoa>»ne ig dcecribed in
vords thot nred mocern gseilentific terminologies.  ALonromos of the
caneific icsue at hond, the firet mention of rnv nhenomana relsvant
to the wmercention (ﬂr/nr cnigsion of elzchrical or mopnetic encrgy
b7 ths hunen orcsnism occura vith Poroceleus (1493-1541). Hewes

o ohvaicion =nd ronutedlv o naovehic heacleor ~a well, and he bolioved
thet meonetisn ~mg o qw,uorlo.s but notural foree, that like thﬂ gtars
influenced +he huarn bodv, even ab a distonee, by 2 subtle ean ﬁtion

thet »ervaded so-co. (uorln@,IQQQ)
Preneis Bacon (1561-1626) in' Jvlve “ylvarus, or o ”“Tu“”l History

mrovides S“VG””l acecounts of arzcosnition ond to2lowathyr, n0b1n; thot

thev were neturs ol nh;nom”n cnd thot it bolonged to o cliss of

omerations u'nm* ons, tr“ﬂme ~iO')9” onG influconces, which
"work o o Aig® ﬂncg but not at touch.™ 't zbout the same time,

Ven Ielmont (1577-1544) 0"1'71“t“ﬁ the doctrinz of ~nimal =e-notisnm,

by teoching thot angnetic fluids re det?u from all men, cnd mow be

guided by the rill to 1ar1”®qcu the wminds ond bodies of others, (Gudrs
A contomorary of the chove wag Gilber’, who in 1600 vublichad

Ce Jucn“u asrincinally :vtrﬂﬁﬁiﬁe on the loddctone, Gilobert con—
clﬂood‘ e t the cun rsnd corth r=vz both m~0hnbs the dinrancl rontion

£ thz carth d-mendont wron thoet marnetisa. Iz <lso studiad the

ﬂh“non enn of “eleoctric~™, but did not COHClULp th>t there s ony
relations™in betrrecn moenetiom ~nd eloctricity,

Aedn, o £ind snother ot ot ot o Yhvsicrl or maechonical
exvlrnction of *ho wmenomona ~ith Glenvill (1636--1620) vho cousleos
a vorld-goul hvynothn=ig rith tho ohsorvation thb*‘k,, the cxitatad
norts of th= Brein (boget) ~ notion in the nrowians Asther: it is
vroncgated throush tho liocuid =~diun, o ve s2o th. mobion hich is
crug'd bv 2 ston: thro'm into the ~ator.' (Gudos,1961) I

It ghonld he underatood thot At this time »hilosonhoers, who
were thir frue forsruansre of the nevchologiats wera C**“olng the
iesue of wvhother » motorislist or eritualist modal moot accuratoly
scecounted Tor mon'e bohnvior ~nd con~01ou0p“”0, The ocucgtion vhich
ey rolnindla? b Corhtosion dunlisza is otill relevant, and is
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2t111 boins fobotsd todny, | It is obvious, oven o this .uthor, thot
motericlistic (a~ther. \nuvvf) “0cels are necesgorily incommlets with
recnoct to our bohaviors ~nd our id?auj iics, Jlecordingsly, the velid-
ity of the mind-bodv quostion. in o %novl agod, t1 vort of the ~ -~~~

4

philosonhers of the "ost-Ronoisscnce is “qul relovont today, but e
must mess ovew thh higtory of »hilos ionhv and concancrati on the
hiztorv of the nhysico ligh modalsg.,

Inton Mesmer (1734-1818) woe o Viencso “hysicion vho wag oble
- to effeet cures both unon UOVCﬂon“uroflc disturbeonces ond nhysiologica
ones hv whe use of hvnnotl,m, vhich Mesmer cloined wag dopendont unon
& “honomens of animal magnoticm. Hig vork is vovy immortaont to the
auestion of consciousnean ond control becouse it atis mul>ted not only
nerans yoholoclc*W inouiry, but gtimuleted the ork of Froud ond June
into the unconscinveness ~s well. The iss e, thon &8 now, wog vhethoer
the cures thaﬁ_ﬂ¢34ﬂr uocusrvuﬂy commloted wore dus to nons out“idb
ngvchokinetic~like Torce, that ie slochromocn - tigm. or whother the:
vere due to subliminel sug-cations., Obv1ou“1y the ngrchosonatic

controversien ore raised. Mesner himg 1t ot - LL,o used metal bar
narnets to nroducod his cffaects, but- l(u )T rocrntod from their ug
ond come to denend solelv on his owm fanimel n gnﬂulcm ?ﬁc UQv of

N@smcr’w,qocov01tv o seientilfic comdssion was eot u»n in 1784
investicate the natter. The comrrisgion concluded thot M;sm“r
aninal meenctifn ond noturclly oceuring macnetisn (of the 1odv“ton“
voricty) wove not gimiler wh:nomena,:no sner feoll into digrenute,
: It iz chout this some time thet “onimed ulDOTViCitV” is first
observed by Golveni in 17380, Ie diuCOV“T‘d that frog's less, vhon
connoetad to two 01;51111 roneta 1V, twitch. @ ~5. tho ﬂulll olive,
Loter he crentad the fivst "wob b- ttery ™ by COAﬂuChlIg in sorics o
large number of “roa's legn,  This wog in 1794, Tt is onlyv later
hot Volta crcotes cloectricity fro» on inorsonic bottery. It is en
oft henrd observation thot neny of man's tUCQnologlcal inventions arc
but »rojschions of hig owm DWO]O”“

, Ry 1827 Ohm had succons: Tully Jormnleotod the lous of simmole
elocurlcwl cirecuite, ’ho@e lowre 2re 24111 in use todav,  The major
brefkthTou¢h in »hveice of tho nincteenth contury -ag tho discovery
by Torsdar in 18 51 thet on ~loetrical cvr““nt could be origincoted by

moving o ”ir“ h1o“ﬂw o meenctic ©izld. It was the irst reclice‘on
of the unity of oleetriity ~nd nsgnetien, Tt was o ia the noxt

T huﬁ a2dvenesd suf: 101ﬁnt1y ror Morse to
dewnonstrate telogronhy, g v coded miencls vere carried over long
digtonces bv usc of Cﬂbl@i (tr nrmission linc) actine like low
froousne™ luanad aor-~mater orghnme,

O grest incortance %o +the wroscnt issus is the rosults of on
cxverinont carried out by the nmycaoph#sioiut el nholt in 1850,
Before this dote the nind -body com»lox was thousht to cet together,
slmultencously ond insteants ﬂ“Om-l', ~t or nenr the apeed of light,
wiich wag then kno'n o be nbout BO0,000 m/u, The functions of
the nerveg © wero reasgonably underatood at this tlﬂ“ both anstonically
ond nsvchologic~lly, but it —ras almoss univas gelly assumed that the
nerves, like "orsa 'f cobler, tronsmittzd th-iv dota ot $he evcoad of
ligh*,  To his surrise, ond meny others og well, Holmholtz found
th 't the sve:d of nervous nronagation vasg 50 m/ﬂfcp not only many
negnitudes elover thon licht, but even slower than the cmood of sound
in air. Mov heres wos o new ina oy Tor men wag rot onlv mind ond body,

1 ~ [an) > 5 o « 1. 3
ac waz 2lmo pot instantoncous in either hig nercontions or his

rear thot thm u@chnoloa
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2t is, his control. Dor-in's svolutionor theory of
1Q51 n*"flnlt?tod aly (1@103 1 controversy concerning the risc of
mochenistic (medor 1@11 tic) ohilonoohize of whycics, biolosv ond
history, The schimm tv en =cionce nd theoology io in wort ro-
smongible for the xoundlng of the ~rronsychologicel =nd nsychical
receasrch socictics lote rinoteenth century. j
Bernetein in 1866 deacribod the nerve impulse s 2 wove of
nosobive eleetricity nassine clong the Tibor, By 1871, he showed
thot the immulos anrend fron the negative inecide of the fiber to
nonitive outside. In oddition it wos understood ot Gidis iso thot
norves reounired o refroctor meriod boTore being eble to five canin,
Touronhveiolo v v this tite Dod identificd shccific sensory ond
a0tor neurnl location in the broin ond con ral norvour - rshoa.
M?xvell'ﬂ coustions ammeared in 1864 leoding to the crention
of rodio viwve Irocusiney ol ctromaﬂnetic rodiation in 1888. v 1895
»T’roopl ves obhle to broodergt and rocoive over o Clotonce of severa
Tilowotere, "nd sucsoded in tronenitting ceroceg the Atlaontic Occan
in 1005, Of innortonce to tho bioohyrin-l thoory of oop 1+ the
mmmanrnee in 1900 of Plenck's latr, which sccuratolw describes !
the . cnerev aswectro of clactromasnetic encrgics ceritted from
ar object of ~ given temmerature.  Tor won thot temnerasure io 310°K,
Sir 7illicm Crook%e: (Rhine, 183%4) attonnts to exvnleoin the |
naronornal nhehnomonn ashich freouwncv Vlbr“tl@ﬁ“ of th~ other
goneroted bv the noloculor ~etion of the brroin. ™ (18G7) At obout
this gome tine, “Y? rinentation brged wHon Toher'g (1834) nd
Technor!'s (1851) cg of shinulus intensity ~nd the threshold
of amenaitivity (3 w 1t log R) confiva the erist nce of gsub-
linincl (baloi=thy \m“olﬁ) conpitivity.,  Myor's, who coined the word
"telenothe!y, in o rt beeouse he bod oy ent in 'wircless -
telegranhy! 1o nontulaote? the ubliainnl conscioncnogsg!l  Treud
(: ”““) vag intorested 1n ho” the 'unooncoiousno@ﬁ functioned in
relotion to dro-ma, oush he ngver ~chporledsof =he phonomans
of mracognition, in 1“05 frout acconted the oristence o the Yso-
crlled® ocevlt =cicneoa,. ™ The ~d7itionnl droom ork stu oo of
Jung (1916) ~nd others ot © ting indic~te thet the drern is the
most freoeguant st-te of congciovancas in chidch megychictl hbﬁnomeha
OCCUY accountlng for two thlrdD cf all spontaneous psi. f
Interostinsl-r enouch, thit ~lthounzh nr”r:ﬁt in the pgyehical,
nhenomen#, in 11 itz verdioow @“\,, arocodes th -t higtorically of
the intereest in ~nolvtic wsvc»olo ins by U“tv“f_,, the 1914--1918
vor conerently abtisul otod,for o brizf timg, wore intorest in the
lotter than the foracr.
lotwroon 1011 ad 1926 various radio cnsinzers had found that
the ﬁfOﬂ“ﬁ:ulOﬂ of volio wrevag wag denendant uhon many vorid bl,u,
guch og suncgmot crele~, thoe timc ol Th“ dr, tho cocson of tho yoar,
cte. Two of the =most imdorton’ vorirbles in broodeosting are the
frecaucney of the aien-1 ~nd tho condition of the lonosvhers at
o givon time writh msnaecet to thot - frocucncy.  Thoorcticol nmodcls
on’ ouniricsl &-%n Soth confirmod thot oloctroms notic radistion
intoncity ot o given dictance (lcl_l_{{j‘ h) ig o function of tho WOVIC-
loneth,  and doos not ncces orily dininieh inversclw nrovortional to
tha weusre of +ho distonce, the ootical 1o for visible licht
vov o lengthe,  The nunsrie-l aw-surce of wttenustion obtoined from
tha fornulorg nvrilaltls in 19511 ond 16256 do not vory onpreocaily
from the nceonta? numavical walucs uce? to’~y (1975) |
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Porh-ng thn "irat trus noogur-mont of the olactronrenetic z2norey
omitted v oarm wes omle by o Cacmamnri, vho drrting in 1927 fﬂd con—
tinuine to 1041 surad the »honomon . v usine & brosdbend fonor-
ator of 50 = 400 Mhz (5.0 - 0.75 meotors), ho suczeded in reson-ting
with froguaneiss in tha 3 - 400 Maz (T”O ~ 0.75 metc o) ronge.  (Thesce
wavolengths include 1nﬂ~wh edquivlent to aversge human he N~ht. 7.B.)

Thut,clﬂCtronagnetlc cnorey o moosibly the egont of tolen:thy
g mode mommlor by owmony weiters, includine Upuoq Tinclair vho used
tho title Mental RAC10 in his 1920 bhoot rocounting his very extohsive
tolonathic e-meritents The sane year sair tho nonouncomont
hy Torecr, thot beginnine five vears hofore, he had succeded in moosur—
ing the eleetrical activity of the brain, ~nd h-d Tound that fr e quenci
of 4 -- 20 Exn = chnrocterigtic normal b-havior, ond that cortoin of

the froquancioa corvesnonded to cerivein montol stoths., In 1941, Dr.
Bereer annovnced hie avonroval that brain wvoves worc Tcl“ﬂ“t“" alter

renainine hesitont for some cars.
Tlectromagnetic cnergy wos olso belng studicd with reoneet to
nerves ond nourong ot tﬂi° time. Deginnine with ”hﬁljlﬂﬂon in 1920

and continuing till 1938, verious . .nc urontveiolosirte hod mcrsurcd the
copacitonce, rogigtonce (11vcﬂ nee) and  other -« . currﬁnt NALP -

neters and found thot the canrcitence and regishionce were ess sontinlly
conatont in their vr 1UOS, nnd onlv the voltege voried in thoe acurons.
TWoch nouron weg conaidored to bohewve ms o rosistance (ond loter on
immedinee) in nercllel with o e mocitones.

“cginning in the carly thirtien Vogilovev bogon to weriorm aony

gtort ond long dintance tolenathy -ad suggostion syneriments, Moot
ﬂOthC nle aro Lbn results of on extromely long distence toot, 1700
tilometers, in wiich o ~ubjset weos lowersd inte o lz~d bottle, yot
the por01W1on yos conable of discoerning the stots of the subjoct,

vho wes unconscious, © Veailovoev ot the tine, 1037, -2 of the oninion
that cloctromognetic rofiation wog o hi'“lﬁ imnrob-ble source of
cgm wheronoena, 1o did however noto tﬂ L the metal hottle was not
conoble of shiclding ¥ Ffrocuecncers _of tho CO}ﬂlP roy ronge, or of
shiclding the freousncizg balowr 105 hv, boeruse of their verv long
vavelengthe (srooteor thon one wilomster),

Alno very ~evive in this »eriod wes Dr, Rhine ~ad his oo
Rhinc coined the wbrase oxtr--gonsory vwercention vith o teontetive
e

nmerning of 'vercontion vithout the function of rocornirzed sonscs. '
de continuse, “esn is ~oworontly indenondent of rocogrized cnorgy

forms, non-radi~tive but »rojectorv. .- all ouite NON-SONLoYY
cheracteristics. ™ (Rhino, J,ﬁo, 1964, 19%4) Thino oleo voicod threo
obj“otiOﬂ' to tha olvcnromagnotic nodels,  Tirgt, thot clecctro-
nasnetie rodistion lomes its nowor, inverselw nronorbtional 4o the
sounre of the digtrnes. (ibid. »m 159 - 175). 8econd, he mentions

the nroblems of salcctivity immosed by the nroblen of evervhody
transmitting OOﬂtanO””lV or sinult-ncoinly, Third, the obj;ction
ig “aken, cnd well mode, that olochrono notis “nnot exnlain the
nhenomana of Cl?iTVO““ﬂCQ, vacrae obviously t%ﬂlr iz neithor an
ims~~c to send, or oven an foont to gond it. dowevor9 Rhine con-
oludvu, (ﬂh 216-222) that cov is o biological wheonomons, may ho

inherite an” 'involves tho nervous gvetom ouite o8 much s doos
~nv other CO.C!‘lliJCiVO NPOCONT, ., " Tn mocgin: , Anins lummo telo-

7 7, clrirvorsnec, ond mrocornition into ons catorory, but tolo

F sis ~nd neyehic haaling into soncrate classoas.
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Telt drovmy

murylgin9 in 1937 hod found th-t humen subjocets ~hen
exmosal. o low iﬂt”nfiﬁy cm wores,  Loter, in 1942, he cxnerincnted
u~on the offect of scresns rnd reflzcto s upon o subjcet exmosaed to
hyonotic cusr~oetions concernine gweating. Turlysin found the the
cgent oo emitting cloctrommonstic enereies of 1.8 — 2.1 mm (1.67

1.4% x 10 Hg),

‘v Em thoorv of mgi s wronoend ?y Bibbe i@ 1n 19)1 hnothosig-
ing that x-roy, cosmic rorg and gomma roys (10 H,S TS Tro-
smongible for some of thoe »hononono, RuQ“IF“f, o yoar later, sugrogt-
ed graovity fioldés ~nd ncutrinos <ore reswonsible. :

Ligeman, in 1951, had detectad u“troﬁclj low freogucncy (3 - Ky )
electrical fields cmrnating from whot woro congidersd to be normel,
thet ia, atwmicel 'olecetric Sish,! |

TT

int 7,
He discounte”

Grey "leluer
the

Nouronh" iolo:
Bm ond cov in 1053,
snocific objections. First9 can
below noige level writhin o
His sccond thru fourth ObJCCElOH
"The Dlz,v of th

brain creates arc
cbout the giz-, withi
signal which ig ju

zet. Morc crucial
frecouencios are for helow th.
bolowr eweon the gcole acnl.. of

ton cycles mar sccond, tho cve

rhvthns, cnr eloctromsgnetic

snacc would hove o vavelength o
‘Irlter, 7.G., Th: Li

frre

occur

IeRal

extronely

vy
9 LA

commentod
om modols
coleulatoe
fovr millimetros

~lectricel dig
gmnll,
tho brain itzeldf,
13t intelligible on an overage radio
cven thot thie,
ro
cudihlc

uHon
ond
thet thow
the surdo
in ongs »arsgranh:
turbonces which tha
In fzet, they are
of received

the subject of
nrevided four
vould £211

e
cc of the

from

~
ol

thoir doninant

nve of radio chrnnels,
froguoncicas. At
almina

cgo Treouzncy of

agirnal transnitted thru
© thi
ino Broin,

or

o
Dol

rty million motres
1953, »p 252—3

Tt should clso U2 mentionsd thot 7 noted the 1lock of the nhenomena
to he sicnificontlv attenunted cither with resmac’ to Snnco distence
anc. timc distonce, so ho snvarertly ot the time cdhercd to the ono-
ngi »'ononona modol, |

Following his
conditioning fish with currcnts ~g low
Ry 1960, basod unon the wor’t of Bullocek
orgen, the clectrorecentor, identis
clly o member of the UCOU”blCO~13t?TDl

TN}

]

-
TS

carlicr work, Liganmn,

in 1958 had succcododfin
microvolt per meter( V m—1)

bl

()
cné Hegiware, o nevw gonse
izd ond found to be ohylogon—

is evstem. The basic cloctro-

rocontor s similor to tha cilis-in-jelly sccondary ncurong of the
. i ) |
suditory cveteom, which werse thon thought only for machaonocol and

temmerature sonsitivity,

Rashovalky (1955) docs not ntrnio himseltr diroctly on the subject,
noting olgo the obwviously non-ohvaicel csn nmhonomcena, However, he
commlctely mans out the NCCOsA! 7 vhveicsl conditions nzceasaory for
the oncration, obscrvabion and sosting of em »nei models. He =nys,
xnoriments by Tdmund Jﬁoob“on (1<w ) indicnte thot thinzing results

in moagurabls sction curren'g in the coxtornsl mwﬂcluo of the body.
Such action currents, smnall s thev ore, of necoagity create
elretronoenetic ficlds, Unlikoly oo it i, 1t is not imnoassible
thet csome hishlr sensitive nerves. noy regvond to these fizlda,®

In 1952 just such on “lLCETguunsit'vc resvongs ras obgerved by
Trev, Uging frcoucncins of 4-10 5-107 Hz (I.0m—0,1m) human
subjocts renorted o burzzinge or clicking songotion, only if the

A

Tommors 1 lohes of thoe broin wore

includ:

in the illuainctoed oree.

Approved For Release 2000/08/07 : CIA-RDP96-00787R000500230002-2

hens



n1dPRroved For Release 2000/0%{9%@&%-&%59§-q%%%7R000500230002-2

Frey hyvothesized that the cochlea was involved in the phenomena but
he adds that there is »robably more than one electrosensitive site.

Puharich, in Beyond Televathy, 1962 correlates nsi recentive
phenomena with cholinergia and other physiolocical processes. Ile
hynothesized that gravity and "nsi vnlasma" were vartly resnonsible for
some of the telepathic phenomena. Because of the Paraday cage exveri-
ments he nerformed he states, "While the exvneriments are highly sugges®
ive that electromagnetic radiation is not the means of transmission in
televathy, they are not means conclugive." He notes that while in the
cage, one subject showed a nronounced gasning effect vwhen 640 Hz ac
wag annlied to the cage. With reswnect to the nerve plasma membrane,
he calculates that the neuron could be congsidered a circuit of mega-
ohm resigtance, micro-farad capacitance and 0.2 henry inductance, the
latter fact first revorted in 1941 by Cole and Baker. .

The next year, 1963, micro--cersted, 1.0 Hz magnetic fields were
detected emanating from the human heart by Baule and McPhee.

Yooldridge (1963) commented uvon the telenathy-emr issue noting
the the difficulty involved was in deciphering brain waves since they
renresented the average electrical sitrength of billions of neurons,
there was no nossibility of unraveling the snecific thought processes.

It is in 1964 that Mancharski states that telepathic communicatior
occurred at freguencies from infra-low to super-high (10-3 +to 1012 Hgz
Although I have not seen his thesis, the hynothesis nut Fforward in this
monogranh perhaps best corresmonds to Mancharski's hypothesis.

I. M. Kogan, in 1966, hynothesized 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. DBased unon calculations, which re-
grettably I have not scen, XKogan indicates that the human organism
generates four *o five times the necnssary signal strensth to accom—
plish very long distence telenathy,

Two vprominent narapsychologists, Burt snd Dobbs commenied on emr
and physical theories of psi in 1967. Burt announced his onnogition
to the emr theories hased upon the objections that 1) the inverse
sauere law diminished the sienal strength ranidlv, and besides the wav
lengths associated with the brain waves (3-3%0 Hz) were very (too) long
In addition, 2) he calculates that because the observed chenge in the
evoked motentials was 5-50 microvolts, the corresnonding power was
10-20 watts, To broadcast the observed distances, Burt indicated that
a minimum power of 10 watte would be necessary. Finally he noted that
some modulation or coding of the sirnal was also a neceosary vrerequi-
site. Dobbs however rejects the validity of the inverse square (optic
rule, based upon the ionospheric eifects at TLF frequencies long observ
by radiomen. However, Dobbs cquesiions the emr theories because the ca
culated field signal strength at the humen scalp was on the order of
10-18 ywatts, Kamiya (1968) rejects the emr theories of telepathy of
esgentially the same arguments as Burt. '

In his Flectromagnetic Fiells end Life (1968), Presmen reviews
the comvlete history of the studies of sensitivity and emissivity
of electromagnetic radiation by living orgenisms. He acknowledges
bio-information transfer by emr fields, but is care not to deny the
phenomensa while criticizing " the vnarapsyvchologists and their methods.
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It is in 1963 thetthe 2lectromasnctic fields generated by ELP
brain waves are flTuG observed by Cohen. Using a cryomagnetometer
5 em from the swull counled with contact EEG electrodes, Cohen found
thet the brain emitted E1f a4 fields of 2.5- 10-8 gougs, and later work
showed that the skoeletal wmuscles emitted 1 - 100 Hz dc fields of
10-7 gauss.

Tarly in 1975 FPersinger hynothe81zed that the 7.8 Hz frequenpj
aggsociated with the flr st earth-ionosnhere waveguide resonance is the
primary carrier of telepathy. In addition he hjﬂOthe izes that
magnetic fields should inhibit the vphenomena, as well as noting some
slight west-east ©pronmagation differences. In addition, Persinger
has done some of the most comnrehensive exverimentation ond reseﬂrch
with resnect to the bibohysical effects of ELF and VLF elcchromagneti
radiation. He renorts the RELF brain wave field at 1 - 10 mVe m”

In mid 1975, Blau calculated the emitted brain wave frequency
fidld strength as exceeding the microvolt ver meter level.

Puthoff and Tlrg, in work comnleted in November 1975 and vpublishe
in Merch 1075 discuss the ILF-telenathy hynotheses and reject  them
under the considerntions then that while the attenuation of the field
strengths over very long distances wvere very low, ELF could not ac-
count for the »recognition exveriences recorded in their remote viewin

exverimenta. The¢r secoaq ObJeColon to BILP/VLE conperned the (reporte
hﬂnnel cavacity of the band as 0.1 bits. sec—l at meter vorge distan
eg and C.001 Dbit . se¢™at 4,000 km range. The above authors anvarentl
aﬂhere to an only-one-psi phenomens model.,

h1° Verv hrief higtory of the igsmue non(‘ernlnﬂ the hvuotheseo
and cownter hynhotheses regarding non-nrecognitive 'n%ychlc' nhenomena
ig nresented an introduction to rhe question which is discussed in
more detail in this monogrenh. Some historical »nriorities may have
been migssed in this introduction but have been corrected in the text.
Qur monoeravh is the collection of the worlk of many researchers over
meny years, the an+hor has merely synthesized it end therefore defers
to all those mentionod herein any claim to originslity or priority.

A technical abstract of the hynotheses anpears on the next two
nages. .

i
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3. SEISITIVITY ‘ND 38PQM3E TO 0 IM

Tw: worious ovhenomens nuch ~g “nlowathy, eluirvovones ond »ro-
cognition arc c~lled thrawgcnﬁory NOT ckvtlon by wmsychic researchors
nrim~rily in Yestern Burons and Forth “m“rlcwg vhere -~z the some vhe-
nomans. ig cr llﬂﬂ bio-informrtion nrimorily in Tret Juronn ~nd the
coviet Union. Im nartd, the studv of the nhenomeona hag been influcnced
by what it hog boon called,

Althoush Purton in 1870 uscs the teimninology “oxtra-geonsuous por-
contion”, itg nwresont meaning as poouls rlv underatood, iz coincd by
J?Rhinc to deseribe QS]Cth v cnomona g non—wonsory mﬂd annvsical,

At the time, Rhinc included the nossibility of the whenomono being
acnsed by on as yobt unknovn gengory wercention; unon other congsidor—-
ations ho rojccts eny ¥sixth séns o" hvnothoses.

. Clearly MO”“V“T9 before ~ny ohonomena may be charccterized os
NON=SoNgory Or 2X5ro--~onaorv,  »n ereainstion of geneory norcention
ner se nust show thet gonrory mercontion is inandouste.  This in vory
immortont since the quotrtion ok th* introfuction of this 1onoorﬂnh
gugzcots that sonsory ag well an oxtra-sones o avs Wﬁrcoption nonear 1o
behove oliks in the region of morainsl sonsitivity. It chea ll bz ghown
in this chanter thot not onlv ars thore ~everal r“cowtaig conabnle of
reenonac to eloctrom-gnetic cnerging, tho amnlicrtions of clogeicol
nsychonhvsics Fovenl ~overal normnl modos of oo soxy wercention which
facilitote thv slnectromacsncetic reanonscs.,

The rolat 1onpn i betwenn the intensity of ~ ctimulus “nd the
gubjrctive inteoncitv o7 reghonce woe initi2lly invostisatod by Jober
and Peochrier in tl“ ninstoonth centurv, In ~cnecral, oo vaﬂcuod the
noncrtion incrcased as the intons ity of the mti"vmlu:*' incrcased, The
corallary of this 1lnw states thot the Ju st-noticoablo~-difference in
stimuli wag o constont numericel valus Tor o given inmut intensity.

(3.1) dRr = (jna) (TTeber's Low)
‘ R
»
(3.2) 9 = k log ; ) (Fechner's L)
vhere  k,a =  conntante
R = gtimulus (Reiz)
r - Limin2l volue of gtimul g
3 =

gonsation

Coraful congidorction of the logerithaic roletionghin botwoen
gtimulue ~nd ros-onzo indicat-a thot 1) thers ir no such »henomena
a8 o 7zero-intensity stimulus, and 2)eonsobion bolow +tho liem (thros-
hold) is th001etlcwlly no37ible. Juch sub-«congeious oo aubliminol
copfi+ioninv ar woll o momory of 2vonts consciouslv unattondsd to
ir carsrical maveholosic -l I“ouo,”»~w-'

. P Fig 2,1 Pochnor's Low
Z P |
3 e .
1‘ e 5 0=k log.? )
/ :
R W, e e e
-1 s
- J .
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Yy Mofinition, tho rolotive throshold ie thet ofinnlus intensity
wilch ovokes resvontic 50% or wore of the time. Tiailorly, the sboolute
thvu7ﬂ01d iz th-t stinulus intoncity ”Wjoh f~ile to ovoke reenonsc in
29% of the tent trirles. Howover, the abgoluton ss of these threholds
cn be c¢nlled into cuestion éus to o GmuSS:nﬂ distribution of individ-

url's mensitivitics., Vericus studics show thot in individunls the
thv“‘nolds moxr vory from o much 2 5 to 15 db frowm the colloctive
throshold ot -ndrrds. In »agsing we note that the moscessor's of some
navehic cbilitiss ore pometimes roferrcd to ~g igenoitivés. "

In ~ddition to the intonoity of o stimulus, the threchold of
sonartion ig ~loo o function of the duration or novolty of tho stlmm
ulus. In gcner:sl, incrﬁ"sing the durrtion of the tlmuTu" lowers tho
throcshold for sonsation; however, there 1o o ﬂoin+y crlled tﬂﬁ>1hbo
baan, bovond which 1ncro‘~inw the dur-tion lowers the throshold
further. The combinod offccts of differcnti~l sonsitivity -nd thh
durntion threrchold mho&onona rmroly contribute hovuror to mko morc
then 5-15 db goin in sonsitivity of rny giveon individurl. Tho it
should be ~ddod thot thot cmount of goin ig sufficient to moke the
dif"orences mesningful. '

lOQ! \\ Fig 2.2 Ty»ical strongth-
: dur~tion curve,

\'\
sol  \

MV Ol LTI

0.01" 0.1 1,0 " 10.0
: Tine (mscc)

Rel tiwve ~leo to tho cucsstion of gensitivity is the obso V“tjon
thet the ~ility to worcoive 2 given ciencl which iz immersed in nois
increcgss cg the souar: root of the number of observationsof thot
signol. Altho this doun not incroose the throshold of geongitivity
borond its rolative or ~beolute v-luo, owati-l summﬁtion9 =& the
nhenomens ia cnlled, indichtoz thot provided o stimulus ig sunrn-
threshold, the morc frcouontly‘aﬁhﬂnomcn“ hog boen observed before,
the oosier it ig to detoet wheon imbedded in neise or distortion,

. 1
(3.3) Gos = 10 Jog n?

where  Gog = Grin in decibels (db) snotisl summation
* n = Totrl number of obgervaotions

Tor oxaaple, concider t »t there cre 31 million =zoconds por year,
"het is the theorctic l g in for snrtisl sumnction for o twenty year
0ld =dult for ~ 10 Hgz signel.
5.2°.10" moe T 20 yerre = 6.2 - 10° gec
voor

(0 3,1) n

ZO?FI4rs
L 0,2°° _gocn = 6, 2"_10 WOve (OTD g
20 year 20 ybsr

H

1
n-

i
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lorly, whot is the omatisl suvmction grin fov the s mo

- c 8 RN S B S
(n 3,2 n = 6.2° 10% gzc X 10Y -rmweforns/soe =
n 6.2 106 wavefror ng
n” = 2.5. 108

Ggey = 84 ab

Gd. 3.3 thercfors, is onc of the cquations which relaten ner-
coeotion to lecrning. Roloveoat to telepathy, spoaticl goin allows
the nercention of gignals when imboddod in noise due to crorde or
noig= crected by notur -l or orhificol sisnol generstors hoving ficld
strengths aubstonticrlly sre-ter then that uson the srme corrier
fraquoncyﬂ Soatisl sunmotion thon rcets like memory, ~nd in foct iz
onc of the sub-»henomons which m-%os un tho generel phonomona of
mnemory,

Therefore, the throghold of sens~tion cannot bo 3.1d b be o cutb-
"nd-dricd mattor of a swecific numericnl volus of stimulug, Tor it is
not only truc thet ths voluc of the throshold mey chenge devondent unon
the longth of nreseontation, 1t rill vore s well dovendent unon the
familiarity gninod by vrevious mrigontotion,  In oddition, thore cic
some mhenomenn vhich ~ro nercoived golrly bocruse thev represont -
single discreote ovent. Presontotion of the game otimuli in o gerics
sometimos doos not ooko anv roononss, ,

, 2ofore wo lo-wve this introduction to percoention nor so, it boars
revcated emmhrgis that the vhols noture of hrogholds end nercosntions
includes the ovhenomons of sublimin~l conditionins. Tor it is of grent
innor*rnce thot gubconscious regmonso occurs to gublimin~l atimuli.

If we romomber th-t the nature of thr:cholds ig ofton dotermincd by
the vor»+1l rosnonsc of o gubjoct, tho noture of the thrachodd ie Gow
termined not by vhother or not ths o bject im offceted by the gtimulus,
but rother, if ho is conscious of it. It io now vid.ly -rccovtsd thot
nuch of men's bchovior i1z pubconscious, h2 in not avore gener~1ly of
how he donws whot he does., Conscionenoss renresonts only thoe tin of

the iceberg.. The »roblems c-u~-s Jorokin o noto h~t there ars two
achoolg of thoucht, onc that seom consciousnoss ~a tho nmaator of being,
the other to suc consciousmoss == tho sorvent of voing.

Lastly, as far -~g this general introduction to sensation and ner-
ception is concerned, it must be noted that altho a given stimulus may
be objectively classified as to some intensity or quality, *the nature
of vperception is subjective and agsociative. Tor evrample, in one
recent telenatiy experiment, an image of a farmer with a nitchfork
resembled to “the agent who drew it,the mythical figure of "the gevil,"
however, the wercipient whose culture differed from the agent's had not
in hig vocabularv the notion or symbol for “devil, ", but instead re-
ceived the emotional association of something religous, and so drew
instead a figure of onnosite meaning, ie, the tabTlets of Moses, gtill
however correctly "religous. " (Targ and Puthoff)

Similorlv, in a study renlic tive of Penfield, Sem--Jacobcen et al
had »laced 2652 electrodeg in 82 surgical watients over a period of ten
vears, Altho no regsvonse was elicited from 1065 electrodes, about half
of the remaining electrodes (805/1587) produced gingnlar and discrete
regvonses, OF interest to us is that of the other half of thogse elect--

rodes eliciting resvmonser, multinle agsociations were produced. For
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exemnle, 104 electrodes elicited visual resvonses, of which only 42 weve
uniouelt vi-ual, *he ramaining 562 regnonnes were visuel, with the follow=
ine mnltinle ascociations in order of vrevalence; gengsory, mood, motor,
V@”@G”lee, ceriiovegecular and connciousness. Conﬁloerlnﬁ the OLt men--
tioned immortence of imagery in wgl ohenomena, the opourts u01ry for con-
fusion end embiecuitv is readily oboerved (oem Jecoboen end Gtyri, 1971L)
Tet us also mention, in »assim, the nhenomena of p?r?uoxical?hot
and naradoxical cold, of which more leoter. ‘
ThereTore, there are 'Tnur levels of differentla ion concerning
.

this mrocess: first there is ngsation, by vhich we shell mean the object
ifiable ﬂronertie” 0% intend 15V and quality; second there is sens ablon,

which m be uvoon~01ova or conscious; third, there is vercention, by
wvhich we mean here, the conscious awareness of sensebion; and fourth,
there is 1nvervivrﬁtion anc. cecoding.of the nhenomena,

3.2 SEII0ORY CODIMG

Our humon bodies are an ensemble of masses and energies, and our
environment is also an ensemble of magsens of various qualities and
energies of various frecushcies and intensities. Thus we and the univers
are subiject to the interactions of masses and energies, according to
the lews oFf nhysics. “Then wve are acted unon by the universe we are im-
bedded in we say that in the environment is on stimulus, hich may
nroduce in us, a sensation, vhich in not necessarily an avareness.
Throurh the ololonlcal eV@lUulOﬂ directly denmendent umon phvgical envi-
ronment, generno lired and specislized 'recentors! have heen created in
orgenismg, W:iich thru selection allov an organicm to anvnropriately
resnond to that environment and survive,

Altho we chall soon discuss the verious recentor nhysiologies and
mechenisms, of sunreme immortance iz that vhen 911 the various mechanigmg
have cone their intermediary functions, what is nroduced by the gense
recentors is en information or code which is a map of the stimulus that
produced 1t. That 1g coded in gsensory vnrocess is information about
vhat kind of gstimulus is there and how much,

"he variable involved in bODﬁv and gmell is the concentration of
a given ion or moleculs, which on the cusntum biochemical level is
eguentially electronic and therefore a finction of some electromesnetic
frecuency. TIn hearings and tvoucuiing, both 'mechanical' senses there are
two varlﬁblesy the intensid y ol the vrespure and the Jreauoncy of the
chan~e 1in That »nressure, imilarly in electrorecption (BLY, temmerature
(infro-red and vigion)) the stimulus also varies in inbenolbg and
frequencv¢

Mo, once a avimulug is ~sunerthreshold, 2 current is generated in
that receﬁfor, called the senerator potential, vhich is o oraded response
to the gtim»li. This graded, that iz , vorieble potential ig then syn-
antad 1nfo the afferent nervous system, whose neurons create an all-or-
none notential of congtant voltace, (viz Hodgins-luxlev model) such
that what is transmitted by the afferent neurons is a code baged unon
the frequencv of 1*”(1"-’)111883' com.vej;reo by the neJ.LOI’l;(anf‘ this is Uwiﬁemelv
imnortant for the reader's understancding )amq no+ the volinge of that
immulee, (e mention this for *h= v“rlable voltages gesn in brain-
rave notentislg is the steatistical sunmation of the constent notential
of a varving number of cortical and inter-neurons. )

-
]
f‘(
a2

Approved For Release 2000/08/07 : CIA-RDP96-00787R000500230002-2



PI@‘PP{‘%’ d For Release 2000/08/07 ; %If,‘.gDPQG 00787R00050023000% -2

of

the an»roximatelv ten to trenty billion neurons in the humen

bodv, only sbout C.1 billion ore offerent sensory neurons canable of

vroducing

graded generator notentials The two wnrimery sources of

human bio-information are v1wlong wn1ch 1~ elecoroqcbnetlc radiation
between the freguencies of 4 - ¢ 1014 Iz, and saudition, which is
mechanic=l oscillations between 30 Haz and 24,000 Hz. The nature of
neuronal res»onse is auch that most nerves are tuned, eith wilely ov

narrowly

to a snecific frequency, gsuch that when 2 neuron is activated

the omecificity of the neurons automatically, and ucually, uniquely
is addressed with a gnecific bond of frequencies, such that the
message encoded is the intensity of the stimulus acting uwon the al-
ready freouency-gnecific neuron.

In ﬂdﬂition, the brein, where the afferent sisnales have their
des tlna“lon, ig arranced tonotonically; that iu,“ ,oe01f10 freouency
(bono) is located in ovlv certain allovable structures of apaces (topo
in the brain. Several such tonotonic mannings hace been obverveo as
for instance the cochlear nnrvu, and the central auditory onF]vvcr

in the ectos Vl¥6 ey IS, See fig. 5.3 4 in KHgz
f 0 Wie . m‘“#\\ s /'"R 16:??‘
""l}Ee‘s“H'?f)?i g ap 14.0.
Y, N 8 mm . 22,07 )
X slsgay . | 16.0 -~ .‘
C 10460 db s 40,8 v 14.5° |
» - o 07A" acs 9.5 p
' Q@~80/ 0.2 . ,@'5' g
Vo ylv1mq ~ N ’ L R
rey yrus . -

Now, ql'bho the frequencies of the aualfory ond visual stimuli
are resg neotlcelv in the KHz and 100 THz ranges, the frequencies at
which both the gene—ator and action potentials operabes are tens %o

billions

of timeg leﬁs frequent than the input stimuli. Thus, the

generator ﬂotentlﬂng which may be added tog ether, have no refractory

veriod,

but 2 gnike duration of 1-2 moec ls de Tacto limited to fiving

frequen01eu no greater thaen 500 to 1000 Hw. Sinilarly, the conntant
voltege action notentlals have refractorv neriods of shout 1 msec and
80 are al<o limited +o firing Frequencies below 1000 Hz.
Since, as we shall shor later (CEf ch 5), that neurons firing
below zay 500 to 250 Hz do so vwith inductive reactance, BELF electro—
magnetic fields are creauea. Of immortence to our study of conscious-—

neass and

telepathy, wractically all sensory information is created inte

freguencies in the ELF range,
The nature of sensory treonsduction is thigs: a stimulus of a givel
intensgity actz unon an afleTGAﬂ nerve, wilich is a membrance which

conducts

ions., The larmer the intensity of the rilmuluug the greate

ig the membrance area sctivated, sand since +this means a larger flow

of ions

litude of

and electrons thru thatb membraﬂco this determines the amn-—

the the geneator notential, The aaplitude of the “enerﬂuor

notential, once synapted (either e excitory or lnhlbluory), determines

the frnquenCJ of the action potentislu., See fig *.4 below
veak 100 .- - output 80 -
amplitude e freq, i ///
of the 7 impulses ya
enerator // per 40 o

ho+enb1qi

/ sec ; L
' f //
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Investiontiona have been made relating the intensi’'y of the in-
st stimuli o the froauency outvwut Tfor all of the mense modalities.
Stevens hynothesires thet the sensory trensduction ~rocess follows o
nover lav, le

o ax § 3.4
vhere Ty = ountout frecusncy
‘ ayh = dynenic discharze regvnonge to stimulus
- gtatic discharge rate.

hen 5.4 is revritten, we =mee that this ig asinply a2 form of
bxd
log £ = (n log x*log a) = b 3.5
the Weber-Fechner lawm relating sencation to gtimulus, exce here

1"
he rel“tionshiw i~ the frecuency of neuronal outrut to the stimuluo
intensgity., Altho moazt trensduction nrocesses follow the pover larw

over a:cercsin rance of inout stimuli, 1t has been hywocaom zed
(Linetrz) that the trensduchion procecs in better descrived by

- “~

fo = tanh x (hyverbolic tangent) 3.6

Since, as wve ghall ghow, the sreatent mc]or',V of outnut fre-
miencies ars betyren 0,01 Hz and 500 Hz, some mechanism nust provide
discrimination for 211l the messagesn crOVéing t”'m given band, wnich
‘becruge of the extromely lovwr frequencicg, have limited chamnﬂl
censcitr, In =~ rt thig identification comes from the exponent which

ig generally unicue for o given gsenge wodality. Of importance is that
these exnonents cxhibit values sencrally incicative  of the oft
obsorved vronerty of differences due to orgenism individuality. A
corallery to this would be thalt there ig probably no universally
comnilable frooucncy or waveform dictionary.for come phenomena,

Table 3.1 ig an errangement of the various obzerved power 1w
xnonents g comniled by Stevons ond by Livetz from 2 large nu1oe“ of
investigations comnleted on the average, since 1965.

(U]

TARLE 3.1 - Power Law “zooneniss

0.10 - 0.18 Vertex wnotential 1.0 rftold on arm
0.21 1light intensity av. 1.0 Vigual length
cortical »otentials 1.05 gucrogg m@v, of 14 subj.
0,33 Brichtness 50 target 1,11 - 1.97 ;
0,52 Av. cort. mot. 200 Uz 1.1 hite n01uo duration
vibravion on Tinger 1.1 Yocal effortv sound: nressurs
N,62 GSame ag above, 50 Ha 1.1 Static precsure on akin
067 Loudnes=n 3000 Hz tone 1.20 Denolarizing current for
0.6 Smell - hentane 630 nm
0.67 Denclarirzation current 1.3 Finger span
ontic nerve at 550 nm 1.45 Houv1ness— lifted weialhite
0.7 Proijeccted visual arca 1.47 Citric acid -one gubject
0.715 Intengity ~ lignt 1.5 Tenmerature--warmth, on arm
0,735 Intensity - 580 nm 1.5 ifactual roughness
0.8 Tactual hoardnena 1.7 Force of hend 2rin
0.35 Ciftric ncid one subject
0.89 TIllunination 3.5 Plectric shock—- current
0,975 Ligh' intensity 620 nm thrously fingers
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Although the maximum firing rate of a given sensory afferent er
motor efferent neuron is limited to frequencics (usually) below 1000 H;
either because of refractory neriod or spike duration, it is also
undersgtood that stimuli change ranidly, so that the actual signal is
usually limited to only a limited number of waveforms in any given time
interval. The various coding/transducing nrocesses provide several
different modes wherein the frequency of ncural discharges provide
unidgue and unambiguous information about the stimulus. For examnle
in phase coders (T-tyne) or latency-burst disvwersion coders (D types,
a given neurons' output frequency is relatively constant over any giver
long duration, lets say 120 impulses ver second. The coding occurs by
the mechanism that the discharges vary from their normal intersnike
interval by only a fow tonths of a milli-second, the information thus
being a code baged uvon the nhase or earlincsg—-lateness of a given gpil!
with resnect the the average intersnike duration., Bullock, from who
the above coding schema ere credited indicates that ot least two
additional codings occur: one, a probabilitv coder (P-tyve) which
produces snikes in a quasi-chance manner, snd two, a burst coder (B-tyr
which wroduces swikes in clusters of varying number. (Szabo and Fessarc

Once a stimulus is superthreshold, a aignal vroceeds into the
brain structurcs by varions multivly-synapted affercnt pathways. Once
in the annrovnriate cerebral atructure the incoming information is
procegssced in masse, nroducing “he vhenomena of averaged cortical
resnongses, It hag been shown that these aversge corftical potentials
have almost uniouc waveforms for the given scngory innut. The average
votential's voltage amplitudes vary unon the mechanism of whether or
not the apnronriate neurons fire in phese. When neurons or a given
constant voltage and given oubnut frequency discharge, amplitude
modulation (ie of voltage) is a function of the phase differences
between those neurons.

For examvle, in a neuron firing at 60 Hz, there is one gpike
every 1/60 of a sec, or 0,0167 sec. If another neuron, regardlegs of
its output freouency delivers to some cortical gtruchure an immulse
that arrives simultaneously with the above 60 Hz froquency, the two
waveforms, much like oceanic tides,crest together, amnliflying the
voltaege of the thus averaged cortical resnonse. However, should the
two (or threc, or n) signalt be out of vhase, varying degrees of
additive or subiractive construction will occur in volitage amplitude.

Consider then that the message or meaning (not the information
g we shall later specifyv) is function of seversl factors: tho sengory
out-put. freguency, all usually under 1000 Hgz; the nower law Tunctions
of the modalitieg, vhich discrininates but their rate of change, (that
ig growth) +tho modalitys and the amnlitude of the averaged corticnl
resmonges, a function of “he vnhase of the incoming froouencics, .

The following is then very illuminating. Amnlitude modulation (AT

is a function of phage. However, the time ratec of change of nhase,
that in ito first derivatioce, is decrces ner sccond, that is frequency.
Mow, in addition, *he wayeforms arc transioent, growing and diminishing
ranidlv, and the freouency also changen with resnecet to time and the
firgt derivative of froquency is change of froucncy ner time, or as

we know it, frequencv modulation (M), Therefore, the 'message! in

a function of phase, the firgt derivative of ohase, which is frequency
and the aocond derivative of whasc, wvhich ig frequency modulation.

2
' A A
Message = ¢ = 52 % Xg‘
u N
(AM) (FR20. ) (F11)
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Tor the «ake of gimnlicity, the coefficionts uave becn el%mingtod

N 4 - . R } J L -
from To. 3.7 , but it ~hounld be uniorstood that in any @iven mﬂfmnan
tho coefficient of any term may be #oro, l]ﬂltlnf that ho gage' to onl!

onc or two of the mossible throe comnonents.

i

411 of the sensorv cndings we heve soon, ov ¢hall sec, are 50Mme.
veristiation unon frequency POwlnh, yet therc is eanothew 2Nt to thot
codines which illumincte the nature of vercention most noignantly.
Moat of the codines we shall examine are continuous, that is they may
neve eny value fvom “She minimum to the meximum for that'givenlﬁensory’
moﬁﬁlitv, erernt Thone of olfaction, »nd merhons cowme others that have
not yet Beoen investiceted, i

Huches et al imnlanted cloctrodac into 23 natients during ortho
neurocufﬁery. ~tandardizod eaitwmognheric solutions of variour o@orants
ere administercd o the maticnts and reghonscs verc recordod from the
olfactory bulb, and cnysdala of the conscious cubjects.  The ?eﬁults
can onlv be dageribed as evo]utionwry for what Iuches and hig co-
workers had found wasg that odor ouﬂlt:wm UeTe recordﬂﬁ into speecific,
that ia d iscrate frequencies, rather than o wide band of I+ eguencics.
Altho riome of the lines reswonded to more than onc stlmuliﬂc, it could
bz =eid in goneral the® only very snecific frequencics were allocatoed
for very snecific odovant qualitizg, the result being that some oonsor:
coding wag ag nccurats and aog snecific as emiscion or absorption lines
from gtellor snmoctra. Here it can he gaid i spec: Cic evidence for
a dictioneryv--like fre queLey code of gennabtion. Table 3.2 licts the
medjor freguoncey commonents in ¢ elos per second, in a human olf aot01y
bulb. (J.R. Muches, ot al)

Teble 3.2
: Olfactory swnectrol Lincs
Odorant

Menthone 30,3 16.0 51.6 57.3
Pennermint 25.8 30,73 : 51.56 53%.3 65,9 68.5
Bugenol 26,4 30,73 50,6 51.6

additionnrl common lines occur at 70.8, 72.9, 73,9, 75.8
ond 79,9, with comnonents hicher then 140 Iz being very rarc.

Let us oonclu@ this «ection on sensorv coding by showing two
disgrems, The firgt, fisure #3.5 shows the output froquency of bone
joiht noasition roc=ﬂtor17 »nd the gecond, shows the outynutb lruquenoy
of a muccle siretch recentor. Although the reader is asked to, VOTLfJ9
as ¢ shall later show, “hot audition and vision outyout frequc mcics
do not cxceed 500 Irm, the following diﬂgrqnv are added cvidence that
no acngory out»ut froguancy excacdg 500 Hz.

~o

Tone Soint rocentor Muscle load recevntor
imnulees ;. OPC ee imnuloes . P
! ; 100, e
ner ! ner i P
L. second o

gocond 30

L 44 i A '! e

20 A Ay 50% e
Vi AR

S8 \4 // ( } \ ir{ﬁ
/ / . \ \ ' OOll
»

) 00TI500 18 0.5 70 0.5 1.0
Snint DOglthﬂ logyg load in grams
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5.5 Electroreceptors end the Acoustico-lateralis System.

Although it is popularly accepted that there are five senses,
ie. smell, taste, touch, audition end vision, rccent physiological
vork has identificd many additional sense modalities, including vain,
carbon-dioxids and specialized eclectrorccevntors. OF interest to the
tonic of sensation and nercention is the fact that a glven nhysiologic
identifie” sense organ may resnond to more than onc inovut gense modal--
ity. For instance, pressing the eye lightly crestos visual "vhogphene
imngeg, whercas certain nain and thermal receptors in the skin regpond
ag well to pressure. Additionally, pain may be verceived by injury
in arcas in the gkin which are not innervated by either touch, pain or
thermal receptor:. -

In this section we shall demonstrate the existonce of specialized
clectrorceeptors, but it is our additional thesis that all neurons and
some synengeg are olectrogensitive, Coneider, for instance that that
which w2 call taste and smell ig really a function of given concentrat-
iong of iong, which them-elves are clectrical cherees of snecific
nolarity (valence) and freoucncy. Similarly, that vhich we call hecar—
ing occurs - when a mechanical vibration actc unon the cilia in the
organ of Corti, it is the strega-strain mechanical energics of the
cilia which create. heal (infra-red) wvhich stimulates the suditory
neurong; the gnecific mechenism ig called piczoelectric. Thermal
rccentors resnond to Mheat®, but that which we call "heat® ig specific-
ally infre-red eloctromagnetic radiation. Finally we shall not belabor

the noint that vision ig the response to electromagnetic radiation
in the “visible-light" freoquencies.

The gwecific clectro-recentor organs as described forewith are
all revealad from rescarch in ordinary and eloctro-gensitive fish,
However, gince our thesis is specifically electromagnetic recention
in the ELF bands and the 25m to m bond, the rcader chall keer in mind
that these electroreceptors are neart of the acoustico-lotoralis syatem,
of whaich *he cochlea snd semi-circular canalg in men have evolved,
and also closely rosembles the "acupuncturce noint svstem! both showm
to be electroscnsitive.

Leydig in 1851 had studied the lateralis aystem and concluded a
sonsory funetion for the organs. Later, Schulze, in 1861, had hyno-
thesized that the cunulasc of the gystem were stimulated by 1) water
movements directed acainst the fich or amvhibian, and 2), low freaquency
vibrationg (sound) in the water. Send, in 1938 demonstratoed that the
amnullac (ofyLorenmini) were infra-red sensitive. In 1955 Henscl ‘
confirmed Sand's vork and extended it to show tho gimilarity with
mammnalian thermo-recentors, .

Ligsmann, in 1951, had discovercd a low voltage 0-330 Hz steady
discharge from elcectric organg, and later succeded in conditioning
& snccics of figh to microvolt ELT fields. Bulloct ot al, in 1961
hynothesized that the spocislized clecetro-recentor organg- werc derivati
of the lateral line sonse organs. (FESSARD, 1974, od.)

The swecialirzed lateral line organg of which ve #hall soon gneak
occur in Entegration with the ordinary lateral line systems, that is,
not in substitution. Tt should be mentioncd that speciss not contain-
ing the SLLO rognonded %o electricnl Fiolds of mV intennity in the BLF
range.
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There arce three basic tyvnes of lateral line organs. The Tirst
are the ordinary LL0O, second and FTirst order neuronn capned with micro-
villi, in general only mechanically gensitive, bowever, still niczo-
electric.,

Ampull ae, viwz amnullac of loren=ini, are canalg, usually lcm long
by lmm in vamocbr, filled with nn acidic muconolvgsaccharide, and ere
directly connccted to tho cenithelial lavers. The wall resistanco of
the conal ic 6M 8 *cm?, with a canacitance of 0.4 ~0.8 BE.cm™2, g
jelley however, has a resistivity of 25-31 Q.Cm, and a comvogition that
Vverics somcvhat smatially, but in soncral is, in mM.kg™t Hp0, Ya(2) 44°
Ca(2) and Mg(2) 50, "1(- 13 580, X(1) 12.5, anc uros 75 (MURRAY)

The amnullae occur in meny varieites of fish end amphibia, In

goneral the end organ is 10-15 ym in diamter, with groups or clugt
crs of 10=50 amvnullac ner organ. The density of the organs range from
12-80-.mx™"  and mey number & total of 40,000 in any given specics.

Of specific int@V1s+ to ug ig that the amnullao reanwond to field strens
of 1-15 w. m"1 if and only iff the input frequencies are low, that is
in general, le than 300 Hz, and most 0¢+ﬁn, less than 50 He,

The thqu tyho of lateral line organ is called tuberous, and is
found only in veakWy clcetric fish. The tuberii arc located in invag-

nations below the enitheliug and surrounded by sunportive cells, The

tuborii recsnonded to ficlds of 4-20 wv.m™ -1 of high frequency, usually
up to 1000 He, specifically synchronous with the celectric crgan dig-—
charge of that fish or of clecetric fich of the game gnecie.

Flgurp 3.6 shows the comparsative vhysiolosy of the threc receptor
organs., Ordinarv latecral line 2lectro-rccentors arc innervated by an
efferent neuron, the amvpuallac and tuberii arc not.

2 COCHLTA AMPULLAE - TUB"RII

/ ot T\ , T LN
. i R
‘ K / 5( ; \: l

afferentl!] efferent — /[9/ u
| | VL

Specific ele cfro—uen€1+1v1fy A dgmonstrqt d by D13CﬂrwaL and
Kalmijn (1963, 1966, 1971) in a serics of oxporlmcnts cmvhasizingboth
electrolocation end conditioning stimuli phenomena At first they
noticed that dogfich resmonded to a 5 Hw 10-5 ye. m“i field by a twitchin
of the cvelids, intercstingly 0nough when the dogfish were droway.
(Alterud States' rescarchers, take note!) Later they noticed that when
the BCG wag monitgred, the hesrt rate slowed from 1 Hz to 0.7 Hz when
gtimulated by 10-° Vem— -1 ficlds. Tate in 1965 dogfish were trained to
seek food with a 4%¥10-5 Vem-1 ficld, In all casco, the resvonsceg to
stimulii or conditioning Cﬁaon when the ammullary nerves were sectionce
cvern when the fi- 1d ufronvth was raisced 30 db (1000 X). In addition
it was noticed thot the d%FfJ gh naturally avoided arcas where the field
strength was 1- 0.1 mVe'm

Threc bVDu‘ of resmonses to B fields were noticed. The first
reaction wag a, tvitching of the body or anvendege, usually in response
to 10 - 1 V"m“ fields, but gomctimes o low as 10-2 Vem~1, The sccond

Approved For Release 2000/08/07 : CIA-RDP96-00787R000500230002-2



st .7

i 1RRAGNe] For Release 2000i08/07, filA-RAEAE-00787R000500230002-2

resnonse tyne is galvenotbtaxis, a2 turning into or perncndicular to the
field, The third resmonsc tyne is galvano--narcosig, an immobilization
of the tecat subjecet.

Final prool of swnccific clectrosensitivity was provided by Kalmij.
who scquestercd a flatfish 'nrey' in send, and with ' . other controls
excluded vigual, mechanicel or chemical clues, vet the gharks and rays
were able to locate the flatfish., Extra weight is added to the cviden:
when an artifical curront similar to that of the flatfish nroducaed the
gsame location results,

Figurce 3. 7below iz an adantation of Table2 ( in Kelmijn (1974),
which »lots tho clectrosensitivitics of the various specicy tested by
numerous aunthors., Two tynes of clectrical cnergy paramcters  were
rregent at the time of testing, one being ficld strongth, in volts por
meter (Vem=1) ang thg other being current dencity in ampercs per conti-
meter squared (A-em=2). Curve fitting rovealg that the relation be-
tween the two threshold naremeter is

(3.8 ) log Vem—d 1= log A+ &m—=2 5.0

Figurce 3.8below shows that in sharks and rays, generally consider:
weakly clectro scnsitive, the relation between curront density and in -
put freguency reveals that the threshold increasce as thoe frequency
increascs, a rclation which ig also observed in man (Cf. 3,6 - 3,9).

O . 1_‘,._:"
Voltes per >
meter - »
-4 ’
-6
-8

=12 =11 =10 =9 =8 =7 =6 =5 =4 =3 25~
loglo amperes ner centimeter squared

Although spccific electroreception has been demongtrated by Lisg-
mann, Bullock, Kalmijn and others, of specific interest to ug io that
the ampullac have been demonstrated to bo widely receptive to other
clectrical and para-clectrical nhenomena., The reader is reguegted to
study the following closely, for what has becn demonstratod in the
amoullae of figh has also becn obgerved in man, that ig both wide and
nirrow clecctro-regnonac,

Here the work ig primarily duc to Murray, svocifically on the
ampullac of Lorenzini. Our intercet in this organ is due to t he fact
that it ic widely digtributed in vertabrates, and its resvonsce to
electrostimuli is a tonic, that ig frequency coded message, whercas
the tuberii, found only in fish poscegsing EOD, rcamonded with phasic,
burst—-digpersive sndtonic—-phesic rodings.,

Figurcs 3.9a to 3.9b below show the following responscs of a
single unit of amnullac, In 3,9a the innut narametor io voltage and
polarity. Notice +that the organ has a dischersge rate of about 30 Hgz,
and the outnut freouency thercfore codes volarity and intensity. Notic
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also the outnut frequcncies in all cascs are in the BLF range (3 -
3 kHz). TFigure #3.10 shows the reanonse of the gpame unit to temperatu:
(infra-red), while figures 3.11 abc record the resmonse to prossupe
and touch (viz the nicronloctric offect), and finally, figurc 3. 12
reveals the resnonse of an amvullary orsan to tho apnlication of a
gea water colution of various salinitics. (It should bo noticéd that
the aversge concentration of the neural solutions erc two to throe time
that of sca wator.) Again, what is mogt immortant hore is the wide
range of clectro-génsitivitics of the anpullary organs, :

- Fig. 3.9 Resvnonge to electrical stimuli
outmut C

100 o
freouency < T
immulses .
ner L 75
gecond
50
EH
)1
- T
O ‘
‘ 5 0 5 10 15 20 25 stimulus in
anodal cathodal microvolts
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Returning to spccific elcctrorcecntion, it wno obscrved that
stimuli of duration 0.1 to 1.0 gceconds were meets cffective in cliciting
claectrorcavnonae.  Waveforms of the above durations orce couivalont to
10 Hz to 1.0 Hz fregquencics, Also obrerved wes the phonomena that
stimuli that werc cithor too brief, or sustained for too long were leg
cffective in producing olectrorcsmonsc. Along the game line, it woas
gshown that atimuli that were cither amplitude modulated or frequency
modulated gave resvongse when the ficld gstrengths were as low as
10 wVem=! The most offcctive froquency of freguency modulntion wag
3 Hz. Lot the resder ramembor this, for in the next scetion, (on
audition), it will be showm +the the auditory sense, again, histologics
derived from the ILO also demonstratey a provengity to sclecthivly
reognond to certain gtimuli, if and only if that stimuli is cither
amnlitude or freaquency modulated.,

In 2ddition to the ahove clectrorocentive choracteristeica, a
nhenomena of valuo "o the biofeedbrck rescarches occurs vwhen two
clectronengitive specics with cloctric organ dischorges (EOD) were
connectoed with contact clectrodes. It wag obgerved that vhen the two
figh of the same snecic, cach with the same bagic EOD frequoncy, werc
connceted, both fish we~e obsorved to chenge their BEOD in cuch a manne:
to produce digsimilar, that ig diversent FOD, Scheich and Bullock
indicate that thig “jamming avoidancco resmonge occurs so that each
figh can diccriminate its own ncural patterns, such that confusion,
and thercfore less sclf control may be avoided. This JAR accurg only
if the BOD's arc within 15-20 Hz of cach fish' own BEOD, ond iz most
nronouncced when the differcnce i %3=5 Hz., Thisg ic related to the
FM regyonoe to % Hz, ginecc two. figh within 3%-5 Hz of cach other will
nroduce high amnlitude 3-5 Hz modulstion of cach others EOD.

The vphenomcna of electrorccention has bocn studicd by the various
naychologists, phytiologists and biologicsts, who decm the phenomena
ag ncceagpery for the survival of the aguaric wonccica obgerved. They
cnall the vhenomena clectrolocation ond cluctrocommunication, yet a
nerugsal of their bibligranhics indicate that nonce has cited or studied
the bioohysical or parapgycholoeical literaturcs, and their conclugion
verce thus resched indencndently. ‘

In electrolocation, for oxamwle, in Rigenmannia, the males! basic
freouency wag 250-600 Hz, vhercag the femoleg' wog 340-560 Hg., Similar:
an adversary or preoy may be located at a distance thru clectrorcceptio:

Again, certain currcnt velcocitios in the oceans or streams con-
tnin gnocific lifc formg, and it has been demonsirsted that scnsitivit
to currcent velocitien 28 low as 2.5% 1GPm.gec~lexist. Another reoorit
indicoteos that 1077 m*gee™ may be used ac a conditioning stimulusg.

In a pimilar study, a 2 vm vibration at 15 Hz rcosultod in a 50 Hz sign
(Schwartz). ' '

Tho rmnullary organs, gnecifically clectrorcentive, have boon
chowm to have covolved indoendently in sceveral svecics of vertabrates.
And, ~1tho the LLO arc found only in water dwellors, ovolution hag
produccd two organs <wecificoally derived from the LLO. At one time,
olfaction, vision, =nd ccrtain cronial nerves were part of the Lethoral.
cyotems.,  In men, the vegtibuler canals (not uncoincidentally named
Ampullac by anatomists), and the cochlea are dircetly descended by
amphibial TLO. 1In the next section we ghall show the very close
gimilarity betwoen tho clectrorccentive ampnllary orgens in watber
dwellers, 2nd the ncoustico—olocbre rocovtlve vestibnlar and cochlear
organg in mon,
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UDITION

3.4 AUDITION ond MECHANO-RECEPTION

Reealling that J. Rhine has indicoeted that GESP is ultimately
nrocosged thru the central nervous system and that the acoustico-
lateralis system nmroceggsces some clectro-recention, it behooves us to
gtudv ecudition and the mecheno-recoptive functions, for it will be showr
that therc aro goneralirzed resvmonses annlicable to »1l1 gengory modaliti

N |

The cenzitivity $o cound is in fact the wsencitivity to mochanicel
vibrationssct un in the atmosmhere. The inner car is the site of this
acoustico-mechanicnl recevntion, and thoge familisr with sudition know
that the mechanical vibrotions set up arce relayed to the inner car by
& gkin-lik%c mombrane, *the tymvanus, and then thru throe small boncg,
the mallcus, the incus, =2nd the gtancs to the inner coar which contains
both the semicircular cenalgs end the cochlen, both of which innervate
the cighth creniel nerve. It has been shywn by von Bokesy, who won the
Nobel Prize for hig work, that the procegs of audition intludes that
of bonc conduction as well az the resmonsce of the whole body to mechenc
vibrationg, And altho sudition is a gwecialzoed senge scquestered from
gspurious vibrntions, we chall chow later how the whole oreosn of the gki
is o kind of mechano-rcceptor, the regults apnliceble to "dermo-ontics.
In 2ddition, the s%in is the site of contact cleetro-rccention, o2nd
it shall be shown the cimilarities betweon these various scnsc modnlitic

Specifically, the organ of audition ig the organ of Corti locaoted
in the center of the cochlear snirals. The Organ of Corti ig 2 layer
of hair cclls connected tothe bagilar membranc which conncehg directly
to the cighth nerve. Thero arc ebout 15,000 hair colls on the basilar
membrane and a total of =bout 15,000 ncuron fibres in the cocloar nerve
Thege hair cells renge in gize from cbout 130 pwm, which arc high froquc
¢y resvmongive, to 275 ym, which arc low fregquency regnongive. Of un-
usual interest is that thosc nerve fibres have afferoent nerve onding,
tho there is no motor function to be found, and in addition the notenti
acrogs the hair cells in the organ of Corti ig about 140 mV. Since
these cells arce amnroximatoly 140 wm in length, the field strength
repregentced in the orecan of Corti in:

3.9 B = v .dg=l = 1.4 1071V _  1.0- 107 wa~l
1.4 «10%mnm

Thb-hair cells in thoe orgen of Corti rclay the mechanical vibratic
et up upon them from the ctregs—-strain ronctions coausced by their bond:
a heat set off by the friction then stimulates, thru thig piczoocleetric
nrocess, the gencretor votentials. Of intercst is that, un to 60 Hg,
the output frequency reononge is nn exact mnteh of the input frequency
regnonse,  Above this frocucncy swecislirod arcas in the cochlea at
gpecific distences from the ghapes owroduce complox volleys resionsivle
for audition 2t these frequencics. In addition, the three gemi-
circular cenels, which regscmble three mutolly vpendicular half-loomn
antennee, arc algo inncrvated by cupulac ond microvilli which als:
reavwond in niczoclocetric procesg to mechanical bending scot up by change
in vcelocity and rccoleration. Those senmicircular canals arce cbout
1 cm in heighth, and thug may »nrovide clec’rorecption forn EMR in
this waveleneth, :
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. Our intereet in oudition stems Ffrom that scensce modaliticet relatio
shin to the laternlis gystom, but ~lso from the fact that audition is
senge modnlity concernced with the frequency and the intencity of
¢ inpinging stimuli. Altho the cnergy intensity by which audition
neegured 1g usually Watts ner centimeter souared (VW ~cm*2), the
voriouz cnecrgy dimensions erc interchnngesble, like meters into feoot,
end it carn be directly chown that the clectro-gengitiviy threshold
may be computed dircetly from the audition thresholds. (Cf 3.5 )
Bince, o we hove indicated, that audition is o skin membrenc,
bonc conduction phonomena, and thot therce exist severel Fformulac ro-—
lating ckin area to height and mass, and the »rovortion of bone moss
to totcl oreemism mass, it ig not surprising that a mathomatical relat
ion whip oxists betweon auditory throgholds ond phygical body measurcm
menta, Magterson ond Diamond have cmpirically vproduced the following
rclationshipe, ETq. 3. shows that thoe lowest fregquency regnonded to
ig related to body mass, and that in addition, the high frogquency
threshold ig a mathomatical function of the low freguency cuboff
threshold.

210 log fioy & Llognane (kg) = 25

¥

o

WK

311 Thigh = 20 kHz X log T14y

Other physiological agnects of audition illuminate proccssos
relevant to extra, or =g onc professional calls it, oxnanded scnsory
nercention,  Von Bekesy studied the auditory thresholds with regpect
to three variables; heredity, age, and ronl time. He found for ingten
that the audiogrems of members within a family were significeantly
gimilar, whoreas on ~rudiogrem of somcone not in that family differcd
ag well gignificantly., Viz, 2 »roof of the herecdity of scnsory and
nerceptual abilitics and resnonses., In ~ddition it wag found that
with increasing age, the ability o nerceive sound frequencics =nd
intensitics wes attonuated ot the high frequency res»onsc band, but
vag basicnlly unchanged ot the low fregquency cnd of the scoustical
gspectrum. Of very soccific interent to perception waz von Bokesey's
obgervation of the following., Audiogrems were mode of subjects! .
threghold gensitivitics at two frmguencics, 200 Hz and 1000 Hz, and
observed for o duration of twoenty minutes. It was found that the thre
holdg varicd 5 to 15 db with periodicitics of 8 minutes for the former
and 6% minutes for the latter. It would nrove to be highly illumin-
ating to discern if cach frequency had its own periodicity of threg—
hold sengitivy, for in addition, periods of 8 minutcs snd 6% minutcs
are in effect freguencics of 1/480 scconds nnd 1/%50 sccondg, and it
ig well demonstrated that higher frequencics are hearmonics of lower:
frequenciecs, snd we may summize ultro-low fregueney modulation or
driving of higher frequency rcoustico-mechano-clectro-sensitivitics.

In this cecction we shall obgerve the various regnonse character-
igtics of the auditory gystem in order to ecsteblish the limits of the
energy verccived. It hag been adovted os convention that the root-
mean-gquare threghold for audition is 0,0002 dyncsecm=2 at 2000 Hz,
the foquency of highest sengitivity. However, von Bekeay hns observed
sengitivity thresholds of 0,00005 dynes.cm—2 at 2200 Hz. Thereforeo,
while we phall digcuce stendard auditory thresholds, but ngain the
reader is cautioned that the demonstrated human perceptbion thregholds
may vary os much ag 5 to 15 db below the 50% povulation gtandard
thregshold,
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leo the clectrorecepntive gengos (ELF, infra-rcd, ond vision),
audition in crgotonic, that is, ite 'cnsitivity of cnergy (crgo) is
, function of the froqupncy (tono) f the imninging stimuli. Also,
like the cleectrorccentive sensos, ﬂudition chows the nroncrty of
excitory and inhibitory resnonge. That is, most neurons have 2 basc,
that ic o gtatic dimcharge rate, so that, while gome gtimull cause an
increase in the neural diccharge ratoes, some stimull cousc an inhibitic
that ig decrcnsce of the static digehnrge rate. Thic is a very inter-
osting agpect of cengntion and percevption, for the nercipicnt must be
AWoero Thﬁf the information iz "the ?bsuncc of information,", or to put
it erudely, the percinicnt is required to be aw~re not of the donut,
but the holc., :

Pigure 3.13% below ig the oft remrduced and nov o andnrd auditory
intensity-freguency rosnonsce chart., The sound pressurc level is given
in dyncgecm™ and Joulcs ver gquarc meter per sccond on the left hand
ordinate @nd(tvnt tively) VoltU nor meter per quﬁro root of the fregu-

‘ncey (Vem=1Hz=%) on the right. It is convenicnt to use Jem™2 pec™
rather than Wattseem—2 bocause we should like to be able to calculate
the cnergy in o given frequency waveform, (Scc the next scction for
conversion factors.) : 3

Figure 3.173 fuditory frogquency--cnergy threshold resmonses
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Additional evidence for the coding of scngory information into the
ELF band con be scen in Pigure 3.14 below, which cherts the frequency
of tho neurol imnulscs in resnonsc to a given stimulus intensity input
for nourons §ith freguency-onocific responses. Notice that the hyper-
bolic twngcnt (tenh x) grovth rate saturates ot about 450 Haz.
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