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IXTRA=55 HORY PIRCTIRTION (702)

FRIED BLAU

The issue ie not vhether the mhenomene of extrcrseneory'worcept—
ion existse, but rather, if slectromsgncetic or other »hysicrl theories
adequetely describes any or 211 of the nhenouncno,

Blectromasnetic theories “or the nmhenowcna cctuelly nredste '
their onmosition by more then three centuries. ‘nort from Certesien
arsunents leading to du-lism and weterislism, the "mentcl radio®
models have treditionally ond even recently been onnosed uvon oF
le~st the four followring srounds, .

Tirst, that ~lthoush the high correlotion between the elecuricnl
activity of the brein ond bhody with many »si ohenonena is well
entablished, the brain docs not emit coherent onergy or radiation
detectahle more thon 2 few centineters from the skull., Second, vhat
energics are emmitted losg their pover very ranidly, occording to the
onticel, or inverse to the soucre of the distence rule, and such con-
not account for telenathic »henomen~ which occur over digteonces of

housands of %ilometers, Third, In theories connot explain the "dowm
thru" card deck cloirvoysnce vhenomens. TFourth, -ny exnlainetion of
nrecognition cornot wossibly be slectromasnetic,

Let it be conceded thot the third end fourth objectiong are valid
oand well taken. IHowover, ~a will be shown, there is new evidence
that suvnercedes the first twe objections. Although soime rasearchers
in this field adhere to on only-one vsi mhonomena nodlal, e ¢o not,
Annerently to somne, since Ba theoories did not account for 21l the
nhonomens, it enerently did not account for =ny of it.

f1thoush 1t wos our originnl intent to »resent nowv evidence for
the »lausibility of electromognetic redistion being the »hvegicel basis
for non-nrecognitive cxre~sonsory percention, sometime beteen the
berinning of our rescorch, rbout = yzor cgo, =nd the nresent, it be-
came annarent to thig resesrchor that there is little thot ig nera-
nhysicol chout <ome esn vhgaoncno,

Bdecause we find that nrreowgycholosy war be reoconcilod with

avchologv, the two synthesized unon cl=sgicol vhysics cnd neuro-
nhysiolosy, this morogronh hes been oltered only in stvle, tut not
in content vith resncct to ite nf~ted purmose. '

Unon the followine cuotation resta the foundotion of this thesis.

"RFinally, extro-~songory vercention ond sonsory mor-
cention omonerr to be ruch 2like exeent in the relcotion of the subject
to the stimulus, “Then sensory nercention is tested ot o low level
of otimulus intensity which =i~ke~ the nroecess more comnor~ble to
A5R, there is indicotion thot it is subject to some of the influcnces
now mown to effect TP verformonce.”  J,B. Rhine (November, 1940)
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2. BRITY EILIORY OPF IF7 IS

Iven before the sevonitcenth century, the tonice of conscioushes:
end conmunication were of central tssue 10 rotural philosophy ~nd
theolosy. The nhenomena cnlled exira--congory vercention LY soume,
~nd bio--inFfornation ™+ others hog lonf hiatory of being tmowm LY
monv different nones in meny cultu s rnd 2very his torlc 1 tine,

Tt had, Dy thie time, been wall denongtr-ted th t mon's consciousness
WO 1ntordoﬂondont cs w2ll unon hig biolowv 2nd whvgiologv, ~nd thot
thegse in turn wer~ influsnce? by the vhygicel environmenths.

Although in rotrosmcct the igsuc concerns itself with the de
cerived from »hveics, »hveiologsy and meycholosv, the bricf gurvey
nresented here sho's cuibe clecrly thet the investisotions undsr-
token were dons so vndar the rotion th-t the -henomenn obsoerved in
one smeelalty wog not relotad to DhﬂﬂowonL weerveld in ovher goecial-
tios. This braconss vory oo oroant hen loter on, rodio vhenonans,
co nwracticed bv eloactronic ~nsineors nna‘ rodio ohenorona vith
rommceet to eom, bertm little rolztion to coch other, in the minds
of the Drinciﬂ"l naremaveholosicol investir~tors: of the aid-
srrentieth centbury,

ta

It vonld “e A1lf "icult to ¢ ~hen the very fivet eolectronegnetic
theorine of nwgil first occurred, hecruce the mhenown»ne ig described in
vords thot n“odxte modern gciontific terminologies. Avnronos of the
cnocific iosue at hoand, the firegh mention of cnv vhenomsna relgvant
to the wmercention (ﬂr/nr cmigsion of elochrical or mrpenctic snergy
b ths hunen oresnism occurs vith Poroceleus (1493-1541). He ks

a ohvaician 2nd ranutedlv o wmavebic hanler a8 well, and he belicved
thet moonetism s ¢ quuorlo.s but notural foree, that like tho stare
influsnced “he hua~n bodw, even aht a distonee, by 2 suvtle eﬂﬁhntion
that »ervaded sv-ce. (Uorlng,1929)

Prenels w“COD (1561-1626) in ﬁy;y;u,v1VWrU*L or ?,”“Tu“”l History

mrovides gevernl accounts of wracosnition ond t2looathyr, n0b1n; thot

thev were netursl nhenononn, ~nd thet it bzlongod to o closg of
onerations -”nﬂni sions, " “tranfﬁis~i01u9” and influcnces, which

work o5 o digTonce, but not ot touch.® Lt obout thz sanme time,

Ven Ielmont (1577- 10/4) orisin~tod the doctrinz of onimal =e-netism,
bv teoching thot aognetic fluids r:di“t?d from 211l men, ond v be
guicded by the i1l to influonce tho i nés nd bolies of others, (Gudrs

A con orar7 of the cbove vas Gilber’, who in 1600 vpublighad
de Jucn“3 ﬂrlnclvﬂTlv o trectice on the loddctone, Gilbert con-—

clﬂood‘ he t the run =nd corih *mve both noenets, the diunvncl roation
£ thz carth donendont uron what Q“’ﬂotl’l. do =loo studizd the

ﬂh ealobile n“.of “gloetricn, but did not conclude thot there wng ony
relatione™in bat-recn moematiom ond slectricity,

“"“117 o find mnother -~ oot ot o ohvoicrl or mechonical
cxnlonotion of +tho mUenomonna rith Glonvill (16)6~1\p0) 1ho courlcs
o wvorld--goul hynoth~=ig +rith the ohzorvation thoﬁ‘k,, the cxitatad
nerts of the Brein (boget) » notion in the nrowias Azther; it is
nronogothed throush the liocuid =odiuwn, o8 ve g2 th . motmon mich ig
crus'd bv 2o gtonn throvm into the -ator.' (Gudas,1961) I

Tt ghonld bhe und-ratood thot 2t this time »hilosohars, who
were thi» Srue foreru @ of the ngvchologiate, were 6**“o1ng the
iasue of whother » motovriclist or enritualist 00631 moat ~ccurately
sccounter Tor mon'e behovior tnd con~01ou°m“”0, The ocucgtion vhich

- R, P S I PN R |
rog rolnindla”

7 her O-phagion dnsliss is otill relevont, ond is
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atill baoine fobrted todny, It s obvioun, oven bo this .uthor, that
motoriclistic (a~ther-cnsrer) 0fols aAre nocesssrily incomnlets with

regnecet to our bohaviors ~nd our id?aujum.s. recordingsly, the velid-
ity of the mind-hodv gquostion. im 2cknovloedged, the wors of the —~-~

nhilosonhers of the »ogt-Rontisnsonce is qull relovont todoy, but e
mugt neas over tho higtory of »hilosonhv an? concsncrati on tho
hiztorw of the nhysico llST modz2ls.,
Anton Mesmer (1734-~1818) wog o Vienoso »hysicion tvho wag oble

- to effect cures both unon nsvchonaurotic disturbonces end nhysiologica
oncs hv the use of hvnnoti”m, which Mesmer cloimed +wrag dopendent unon
o "henomons of animal mognotiom. His work is vowy immortont to the
cusgtion of conscisusnesn ond control becouse it stinulated not only
nHoTang Y0h010016’7 inouiry, but gstimulcted the work of Froud and Jung
into tho unconscinnsness 28 well. The iss e, then os novw, was vhether
the curces that Mogmer uocesmuuﬂy commloted were cus to oMo outsido
*)ﬁsvcho.k1n@'i:ic»l:ﬂ.w Toree, that i clectromocn-tism. or whcther they
wers due to subliminel sugccations. Obv1oumly th2 »ngrchosomatic
controversiecns are raiscd. !esner himg 1L ot “lTQu used metal bar
macrnets to nroduced hig offects, but: l<u r rceerntod from their us

ond coms to dencnd solely on hisg owm Faninnl mwgnctigm.ﬁ Becruse of
Mlegmor's. qocov01tv o secientilic conf;mion was g2t un in 1784 o
investicate the matter. The coamiscion concluded thot lMesmer'y

animal mﬁﬁncti%m and naturnlly occuring a”anﬂhlmﬁ (of the 1odv“ton“
vorictv) wore not siniler wh:nomena,:no Megner Toll into disrenute.

» It ig 2bout this some time thet &lﬂpl blactrlclt”“ ig first
obgorved bv Golvoni in 1730. e diuCOV“T‘d thot frog's less, whon
connoetad to two dissimiler motels, twiteh.d ~5. tho ”ulll alive.
Inter he crentad the fivst "wet bottery™ by COQHuCth@ in gories o

large rumber of “roa's leogn, This wog in 1794, Tt is only loter
hot Volta crcentes cleoctricity froo on inor=zonic baottery. It is an

(a8

oft heard obgervation thot mony of mon's tacnnologlcal inventions arec
but »rojsctions of his own bhioloow,

, Ry 1827 Ohm hod succoasfully Toroulet2d the lavs of gimnle
electricsl cirvcuite, those lowg arce 24111 in use %Godov, The major
brﬂ“kthTou¢h in »hveice of tho nincteenth contury -—og the digecovery
by Merodar in 18%1 that on ﬁl"ctrio“] current could be originstcd by

moving o wirs uhiougn o neenctic £i21d. It wos tho first reolicobion
off the unity of clcctriity ~nd s ﬁlJul“m I$ o ¢ ia the next

vear thot the toechnolosv had odvencnd sufviciently vor Morse to
demonstrate telogronhy, vhersbs coéﬁr giencle wvere carried over long
Cigtonces bv usc of cnhles ($r nrmission line) actine like low
froounsnes lunad acrameter orgnons

0 erezt inortaonce to the wrescent igsus 13 the rosults of on
oxnerinent carried out by the navchovhwaicist el nholt in 1850,
Pefore this dote the mind‘-body comnlox wng thousht to cect togother,
simultencously and entaoncow .1, ~t or nenr the spneced of light.
which vaz then “DOTm Lo he ~bout 300,000 xm/u,c° The functions of
the neryeg = verse roasonably unuor:tooo at this tinc, both anatomicallw
and nsvchologie~lly, hut it -rag almoot univeigelly agsuacd that the
nerves, like "lorge's coblen, tronemittad thir Jata ot the e»cad of
ligh*, To bis sur rise, ont meny others og well, Holmholtz found
th »t the swe ¢ of nervous »rovagation was 50 m/sce, not onlvy many
negnitudes glover thon lisht, but even slower than the cmecd of sound
in air, Io'r here wag 2o new igzuc, for men wag rot onlv mind ond body,

1 ~t [an) - I3 ol . 1. v
be woo 2170 not instantincoours in either hig noercontions or his
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reoctinne, thet is, his control. DNeorvin's svoluvtionor™ theory of
1859 ﬂ*“flnlt?tod 2ty (10103 1 controvorsy concernins the risc of
machonistic (meta 1@71 tic) whilo<oohice of »hy<cics, biolo~v ond

T
history, The schirm Lotween =cisnce nd theology is in »ort ro-
smongible for the founding of the ~~ronasychologicel =nd msyehicael
rosearch socictics lote rinoteenth contury, :

Bornatcein in 1866 dcmcr13ﬂc the nerve imvnulsce ag 2o wive of
nogovive eleetricity »assing tlong the fiber., By 1871, he showed
oot the ianulos snrond fron the negative inside of thoe fiber to
nonltive outside. In ~ddition it wos undergtood ot this tizc thot
narves reouirad refroctor™ meriod bofore being ebhle to five Sasin.
Teuronhyvsiolo v o this dtite had identiticd oo eific uoneorv and
notor noural location in the broin -af con'ral nervous wsthod,

M- ’”ﬂWl'” coustions cameared in 1864 leoding to the crention
of rodio vove Irocuiicy o ctromaﬂnetic rodiation in 1888, j‘1895
T’roopl wes ohla to broadergt and rocoive over o dictonce of seovera
Tilonzotera, ond suc22ded in tromegnitting ccrocg the Ncl*ntlc Occean
in 1905. Of imrort~nce to the biovhyeis-l throry of oap i+ the
smnenrnee in 1900 of Pleonck's 1latwr, which zccuratolw describos !
the . enerev gneetra of cloctromarnetic encrgics ceritted from
arn objeet of ~ given temmeraturc., For won thot temserature is 310X,

Sir Mlli~m Croo%ke: (Rhine, 1S34) attoants to exnlain the |
norenornal whenomena  asg™isgh frcecouecncy vibrations of the other
goneroted bv tho noleoculirr netion of the byoin, ™ (18G7) At \nout
this gome tino, exnerinentation boged uron eber's (18)ﬂ) ~nd
Tochner's (1851) lows of shiaulus intensity ~nd the threshold
of sensitivity (S = k los R) confira the erist nce of sub-
limineal (baloruthram“olﬁ) mengitivity.,  Myor's, who coined the *ord
"telen-the!y in o rt because e had on into est in 'wircloss -
telegranhy! rlao nostulate” the Mubliminecl congcionrnesg! ﬁru1d
(1.899) wag intovegted in how tho 'umooncciousno@c Tunctioned in
relotion to dre-ma,  “lthoush heo never -chnovle’sod the phonomans
of »rocosnition, in 1925 Trowd accontod the eristencs o the T20-~
callcd oceuvlt =cicvcoo,. ¥ The odlitional mre:z “ork stu ieog of

0 e

i

Jung (1916) -~nd others ~% this tine indic o thot the drecr is tho

most freauent stotec of consciorancaz in ”hl h Ngyehictl ﬂanOmOMQ

OCCUY o accountlng for two thlrdn cf all snontaneous psi. ‘
Interostinsl-r enoucrh, thit oclthonzh intorsst in the af"cnlc 1,

nhenomcn#, in ~11 its vrrioons @“\,, arocodes th ot historicelly of
the intereet in ~nolvtic wsvc»olo izs v centuriss, the 191A~1918
ver cnnerently atimul tod;for o bricf tinc, more intorest in EhC
lotter than the foracr.

letrroon 1911 0nd 1926 various radio encinsers hod found th“t
the »ro»nneation of rodio wrveg wag dependaont uhon many vorl:s ol,u,
guch ag sunamot crelza, thoe LTine oif Thﬂ d?v9 th> cocson of tho voo
cte., Two of the wost imvorten’ voricbles in broodeosting are the
frocoucney of the sisgn-1 ~nd tho concition of the ionosvyhers at |
o ooiven time writh msnace® o Ynad - frocucney.  Thoorcticeal nodels
ond onmiricesl A0kn Both confirmod thot oloctromn nntic radi_ulou
intoncity ot o givon distance (lc””‘ h) ig o Tunction of tho WOVIC-
loneth,  2nd dose not nocces orily dininieh inverasclw ororortional to
tho scusre of “hs distonco, thoe ontical 1loar for vioible 1lisht i
vov. lengthe,  Ths nunzric-l asosurce of ~dtenustion obtrinnsd from
the foriulos nvrilalls in 1511 end 1926 do not vory onpreocaily
from the nccentz? numz-ical walues ueod Tol oy (1975) ?
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Porh-ng tha "irat drue mooour-mznt of the olacvronscnetic znsrey
cmmitted  Tovw oasm weos mde by o Coaomamtri, who drrting in 1927 fﬂd con—
tinuine to 1041 mezsurad the phenomen -, v usine & brosébsnd ¢ onor-
ator of A0 - 400 Mhz (5.0 - 0,75 meters), ho sucseded in remon-ting
=ith froousnciss in +tha 3 - 400 Mz (T“O - 0.75 mete o) ronge.  (These
"AVAlﬁﬂﬂbhﬁ include 1nwm'h couivlent to aversgo human height, 7.D.)

That cloctromegnctic onorey oo moosibly the cgont of tolen:thy
whg mode mommlor bV'WW”” writers, includine Upuoq “inclair vho usod
tho title Mental RaC1o in hig 1920 boolt racounting his very extohsive
tolenathic O'Worllrnu,a : e mane vear saw thoe conouncoment
hy Terecr, thot besinnine five venrs hofore, ho had suceeded in woe .hur~
ing the electrical activity of the brain, ~nd h-d Tound that fr e cuenci

of 4 -- 20 Iz ~  echorocterigtic normal brhavior, i that certoin of
the froquoncies corrasnonded to certain montol atotos,  In 1941, Dr.
Jereer onnovnced his conroval that broin woves were telonathy alter

rencinine hesitont for zome veara.
Glectromagnetic cnergy was also belng studicd with res»ocet to
nerves ond naurons ot *hik time. Beginning with ”hﬁljiﬂqon in 1920

and continuing till 1938, verious ne u"OW‘v~1oloml 4s hed mecsured the
copacitonee, 7 oresistonce (11chxuao) and sther = . curromt DL

metoers anﬂ-found thot the cavhreitance and raslzﬂcmce-voru casentinlly
conctont in their vr 1UOS, and onlw the volvage voried in the ancurong.
Tieeh nouron weg contidzsred to beheve ag o rosistance (ond loter on
immedinee) in nercollsl with o eowocitonco.

Peginning in the enrly thirtiern Vagilowvev begon to werforam aany

gtort ~nd long ¢intance tolenathy -ad qu“fblon cynoriments. Moot
ﬂOthC hle oro Lbn results of on extromely long distence toot, 1700
“ilomoters, in wiich o subkjnet vos 1owb¢ud into =~ 1s°d bottle, yot

the percinient wos conoble of discerning the stote of the subjeoct,

who wes unconscious.  Vrgilovov ot the tiae, 1037, o of the oninion

that cloctronsgnetic radiotion wog o hi“hlﬁ innrob-ble szource of

csn wheromena,. o did hovever ﬁo*“ ta t the metal bhothle was not

caneble of ahiclding Im Ffrocuonces _of tho co:nic roy renge, or of
“hiﬁldimw the freounnciag belorr 105 hv, bocruse of tholr verv long
vavelengths (froator then one wilomster),

Alﬂo vory ~etive in this meriod wes Dr. Rhine ~nd hisg cog
Rhine coincd the »brase extr--—grnsory vnercention vith o tente
mecning of 'worcontion wvithout the function of racornired song
e contlﬂu¢u9 s» 1g ~onorontly indenende rocognizod cner
forma, non—roadi~tive but »rojectorv. .- all duite non-gonoory
choracteristics. ™ (Rhine, J.73., 1964, 19%4) Thinc c2lso voicsd threo
Obj“CtiOW to the olvcnromagnotic noaels, Tirgt, thot elecctro-
mecnetic rodintion losca its nower, inversels  wnronortional to the
sounre of the distones. (ibid. »m 158 - 175). Becond, he mentions

“Tthe nroblomg of golcetivity immosced by the wnroblenm ol everyoody
tronomitting continuonsly or sinult ncoinly, Third, the objection
ig "aken, cnd well wcde, that olochroma notis “nnot exnlaoin the
nhcnonens of cleirvovonce, vhors obviously t%ﬂlr iz neithor an
im=~¢ to send, or cven an rfeent to gond it. dowevor9 Rhine con-
cludes, (nn 216-222) that opp is o biological nheonomeons, moy be
inherited, an” 'involves tho nervons gvetom cultoe ~g much ~g does
~nv other coenitive mrocone,.." nassine, Rhins lunms tolo-
17 7 s clrirvovsnes, ond nrocornition into ons coto ory, but telo-
1. and nevehic henling into senorate clascos.

T
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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.
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Frey hynothesized that the cochlea was involved in the phenomena but
he adds that there is »nrobably more than one electrosensgitive gite.

Puharich, in Beyond Televathy, 1962 correlates »si recentive
nhenomena with cholinergia and other physiolocical processes. lle
hynwothesized thet gravity and "ngi nlasma" were partly resnonsible for
some of the telenathic phenomena., Because of the Faraday cage experi-
ments he merformed he states, "While the exneriments are highly sugges”
ive that electromegnetic radiation is not the means of transmission in
televathy, they are not means conclusive." He notes that while in the
cage, one subject showed a »nronounced gasning effect when 640 Hz ac
was annlied to the cage. With reswect to the nerve nlasma membrane,
he calculates that the neuron could be considered 2 circuit of mega-
ohm resistance, micro-farad capacitance and 0.2 henry inductence, the
latter fact first renorted 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.

“looldridge (1963) commented uvon the telepathy--emr issue noting
the the difficulty involved was in deciphering brain waves since they
renresented the average electrical strength of billiong of neurons,
there was no mogsibility of unraveling the snecific thought processes.

It is in 1964 that Mancharski states that telepathic_ communicatio:
occurred at freouencies from infra-low to super-high (10~3 to 1012 Iz
Although I have not seen hig thesis, the hynothesis »ut forward in thi:
monogranrh perhsps begt 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 "opbtical™ rule. DBased mnon calculations, which re-
grettably I have not seen, XKogen indicates that the human organism
generates four *o Tive times the necngsary signal strensth to accom-
plish very long distance televnathy.

Two »nrominent narapsychologists, Burt and Dobbs commenved on emr
and vhysical theories of pnsi in 1967. Burt announced hig onnosition
to the emr theories hased unon the objections that 1) the inverse
sauare law diminished the gisnal strength ranidlv, and besgides 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 motentials was 5-50 microvolts, the corresnonding power was
10~20 watts. To broadcast the observed distances, Burt indicated that
2 winimum power of 10 watts would be necessary. Finally he noted that
gome modulation or coding of the sisnal was also a neccggary vrerequi-
site, Dobbs however rejects the validity of the inverse square (optic
rule, based upon the ionosvheric eifects at ELF frequencies long observ
by radiomen. However, Dobbs quesitions the emr theories because the ca
culated field signal strenzth at the human scalp was on the order of
10718 yatts, Kamiya (1968) rejects the emr theories of helepnthy of
esgentially the game arguments ag Burt. '

Tn his Electromagnetic Fiells and Life (1968), Presman reviews
the complete history of the studies of sensitivity and emissivity
of electromagnetic radiation by living orgenicms. He acknowledges
bio-information transfer by emr fields, but is care not to deny the
phenomena while criticizing " the warapsychologists and their methods.
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It is in 1963 thet the slechromasnctic fislds generated by ELP
brain waves are firght observed by Cohen. Usine a cryomagnetometer
5 cm from the e%wull counled with contact EEG electrodes, Cohen found
thet the brain emitted T1f ¢4 fields of 2.5+ 1078 gauss, and later work
showed that the skeletal muscles emitted 1 - 100 Hg dc fields of
10-7 gauss.

Harly in 1975 Persinger hynothe81zed that the 7.8 Hz frequenpj
associated with the first earth-ionosvhere wvaveguide resonance is the
primary carrier of telepsthy. In addition he hjﬂo theaizes that
magnetic fields should inhibit the nhenomena, as well as noting some
Slléht wegtb-eant bf@ﬂﬁgﬁtlon differences. In addition, Persinger
has done some of the mogt commrehensive exverimentation end reseﬂrch
with reswect to the biﬂhy.lCTl effects of ELF and VLT electromagneti
radiation. He renorts the ILF brain wave field at 1 - 10 mV* m™

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

Puthoff and Targ, in work comnleted in November 1975 and vublishe
in March 1975 discuss the ILF-telenathy hynotheses and reject  them
under +he considerntions then that vhile the attenuation of the field
strengths over very long distances were very low, BLF could not ac-—
count for the »recognition exveriences recorded in their remote viewin

experiments. The¢r secoaq objection to BLP/VLF concerned uhej(reporte
chﬂnnel cavacity of the band as 0.1 bits. sec~l al meter :axsu distan

es and C.001 Dbit . sec¢tat 4,000 km range. The above authors anvarentl
aﬂhere to an only--one-psi phenomens model,

h1° Verv hrief history of the issue nonoernmﬂ the hvuotheses
and cownter hynotheses regarding non-nrecognitive 'n%ychlc' nhenomena
is nresented an introduction to the question which is dl.cussqq in
more detail in this monogrenh, Some historical »nriorities may have
been missed in this introduction but have been corrected in the text.
Qur monoeravh is the collection of the work of many researchers over
meny vears, the an+hor has merely synthesized it and therefore defers
to all those mentionasd herein any claim  +to originelity or priority.

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

i
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3,  SEFSITIVITY “ND REAPONIE TO I

Pw: yorious vhenomena such ~g “nlomathy, cluirvevence and »re-—
cognition are c¢nlled oxbtra~scnsory marcentions by msychic researchors
nrimarily in Testern Burons and Forth Amerien, vhorn o thoe some vhe-
nomans ig cnllod bio-informrtion wrimorily in IZ-gt DJurons ~nd the
“oviet Union. In mart, the ostudv of th: vhenomona hag beon influsnced
by what it hog boon cullﬁd

Although Dur’on 1n 1870 unecg the toininology “.oxtra-scnsuous por—
contion’, its mresont meoaning os pooul,-rly understood, iz coincd by
J?7Rhinc to doscribe QS]Cth DNCNOMSNA 0f NON-SCcnsory mﬂd anhvsical,

At thoe time, Rbhinc included the nogsibility of the shenomnona boing
acnocd by ”n o8 yob unvpovn gengory worcention; umon other congider-
ations ha rojeets ony Paizth scns o" hvnhotheses.,

- Clearly howover, beforo rny vhenomona may be charocterizod os
NON—SCNBOTY - O 2Xhro--sonaorv, ~n cerosination of sensory nercention
nor so mugt show thetb nsoncory mercantion is inacdounte.  This in very
immortont since the quotnstion ob th* introfuction of this 1ono rﬂnh
sugecots that sensorvy ag well an oxbra-sonsory warceptions annear to
bohﬁve 2like in the region of morminsl sonsitivity., It zhall o“ shown
in this chanter thnt not only ar> thore several recontore conavle of
reasnonae (o cloctrom-gnetic encrging, the anwWiCPtions of clogeical
nsychonhvaica foveal ~overal normol modog of gensorv wercention vhich
facilitolbe the slactromasnctic reanonscs.

The relationaki» betweon the intensity of ~ stimulus “nd the
gubjrctive intoncity of rogvonce wos initi2lly invoetizotod by Yeber
rnd Tochner in tho nineteonth centurv. In roneral, os cxmactod, the
noncction dincrcasod ago the intonsity of thoe Nquulua incrcacsed. The
corallary of +hig 1low gtates thot the Ju st-noticoablo~diffcerence in
stimuli wag o constont numericel volus For o given inmut intensity.

(jna) ("Teber's L)

(3.1) AR =
‘ R
) o - L4
(3.2 S = klog i = (Fochnor's Lintr)
vhere ko =  conntante

R = timulus (Roiz)
r = liminal veluo of gtimul s
S =

sonsation

Coraful consideorrtion of the logorithwic roletionghin botween
gtimulus ~nd regoonss indicat~o that 1) thoro is no guch ~henomenc
as o ZOTONlHtOuulty utwmuluhy and 2)sonsotion bolow tho linen (thros—
hold) is theoretically moscible.  Juch gub-«congcious oz sublinincl
con’itioning, or woll g momorv of 2voante conzceiously unattendoad to
ir cargrnical »oveholosic-l I“:u%,3»~7~ﬂf

i P Fig 2,1 Pochnor's Lo

J] L

z e .

~ -— i
1{ e D=k log.; Al
/ .

‘o ' - - . A V/ e - "“.‘: . - ‘."- T - - -

-1 s
s } L]
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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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“inilorly, vhot is thoe emstisl sunastion goin fov the sime adult
for a 108 1 giencl? '

- o)
(™ =?) n = 6.2° 108 qoe % 10 rwoforns/sac =
n 6.2 1016 waveTo ng
nT o= 2.5. 10°
Gge = 84 db

Ta. 3.3 th&rcfor:, is one of the equations which relaten ner-—
ceotion to larr nlngg Relovent to telepathy, gpaticl goin allows
the wercoention of signalg vhen imbedded in noizo duc to crovas or
noigs crosted by n‘nuf 1 or ortificel gisnnl generstors hoving ficld
strengths “ubwtvnulﬂlly orc-ter then that uoon the sone corvier
froguency. Snatisl gunmotion then cctg like memorv, -nd in foct is
onc of the sub-nhenomonrs which m-%og un the genorsl nhonomena of
nmomory,

”‘hor%or\,y th~ throshold of zens~tion connot bo g id bo be 2 cut-
~nd-dricd matteor of a swecific numericnl volue of stimulus. Tor it is
not only truc thet tho volus of the throshold may chenge devendent unon
the length of vwrescntotion, 1t -rill vorv -g well dooendent unon the
fomilic rltv aninod bv wrevious nricontation., In ~ddition, th e ore
some mhonomonn vhich “ro nerce: 1w »d solcly beesuse thov reprosont
aingls discrete ovent. Precoent tion o the same otimuli in A gorics
somotimes does not covoka snv rognongs. ,

, Pofore wo love thio 1nbr0fug+1on to D“?C\?tloﬂ nor o, it boors
renentad enmhagsis that the vhol: noture of throsholds ond vorcontions
includcs the ohenomons of sublimin~l conditioning. Tor it iz of arent
innor*mnce that gubconsclous reswonco occurs to oublinin~1 stimnuli.

If we rowmoember thot the nature of thricholds ig ofton deternincd by
the veorhol reSNonse of = gubjoect, tho noturce of the throchodd io do-
termined not by vwhother or not the subject is offcetod by thoe gtinulus,
but rother, 1if he ig conscious of 1t It is now wid.ly ~ccooted that
nuch of mren'a behovior iz .gubconscious, h2 in not awcre gencr~lly of
how he doss whot ho doos. Conscionsnoss ropreossnts only the tin of

the iceberg.. The wroblems c-ustg Soroktin to note th-t there ars two
achoole of thousht, onc thet scos consciousncss ~s the mostir of being,
the other to soc conaciousncss o tho servent of boing.

Lastly, as far -~g this general introducticon to sensation and per-
ception is concerned, it must be noted that altho a given gtimulus may
be objecc1ve1v clagsified as to come intenoity or quality, the nature
of vercention is subjective and agoociative. or erample, in one
recent televnatly exveriment, an image of a farmer with a »nitchfork
regembled %o +the agent who drev it,the mythical figure of "the devil,"
howvever, the wercipient whose culture differed from the agent's had not
in his vocabularv the notion or svymbol for ¥levil,", but instead re-
celved the emotional agsociation of gomeThing religous, and so drew

nstead a figure of onnosite meaning, 1e, the tabTets of Moges, gbill
however correctly '"religous." (Targ and. Pufhoff)

Similorlv, in a study renlic-tive of Penfield, Sem-Jacobgen et al
had »nlaced 2652 electrodeu in 82 gurgical watients over a period of ten
vears, Altho no resgsvonse wag elloltod from 1065 electrodes, about half
of the remaining electrodes (805/1587) produced ginemlar and discrete
regovonses Of intervest to us is that of the other half of thogse elect--

rodes elloitlng regnonsens, multinle associations 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



ase 20 . CIA- ; 002-2
PIé\ppfp a For Release 2000/08/07 ; IA:RDP96-00787R000500230002

of

the anhroximatelw

ten to trenty billion neurons in the human

bodv, only szbout C.1 billion ore offerent sensory neurong canable of
vroducing . _
humen bio—information are visiong wn1ch 1~ OlerTOﬂcbﬂetlc radiation

between the
mechanic=l oscillationg
neuronal regs
narrowlyw
the omecificity of the neurvons
ged with a svecific bhand of frequencies, gsuch that the

frequencies of 4

nonse

graded generator »notentials, The two.mrlmch gources of

2 1014 Wz, and sudition, which is

between 30 Ho and 24,000 Hz. The nature of

ost nerves are tuned, eith wilely o~

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

ig addrag
megssage encoded is the invensity of the stimulus acting unon the al-
ready frequency~gnecifio neuron.

‘ In addition,
des tlna“lon, ig

automatically, and usually, uniquely

where the afferent sisnals have their

arrqnved fon0uonlcanV° that i a ,oe01f10 freocuency

(tono) is located 1n only_corpwln allowvable structures of spaces (topo

in the brain.

tonotonic mannings hace been obgerved, as

for instance the oochlenl nnrvu, and the central auditory onF]vvcr

in the ecto VlYé

f 1n kHV

me
S/

)714 ab

5 36 db’

*Q@~ao’

nesg

Nowr,
are reg neotlcelv in the KHV and 100 THz ranges, the frequencieg at

which both
hilliong

ql'tho

the gene~
of times

A

See fig. 5.3 o in KHgz
) 1002 ..
14- . O, '
2 . ’O,v'// 5
| 16.0 -~ ?
\ 14.5 '
. /9 . 5 S
: /4 . 5

~
i e

the Erequen01es of the aualfory ond visual stimuli

action potentials operates are tens +to
frequent han +the input stimuli. Thus, the

generator notenﬁialug which may be added together, have no refractory
bege ' 4 9

veriod,

a0 are alco limited

but
freguencies

&

snike duration of 1-2 mgec ig de facto limited to fiving

no greater than 500 %o 1000 Hw, Sinilarly, the conntant
voltage action notentlﬁle have refractory neriods of shout 1 msec and

filring frequenciers below 1000 Hz.

Since, as we shall show later (Cf ch 5), that neurons firing

below cay 500
magnetic fields are created.
ness and
freguencics
The nat
intengity acts
lOno-
ig the membrance ,
electrons
the the

conducts

of ions

telepat

and

litude of
notential,

to 250 Hz do

The larger

so vith inductive reactance, BLF clectro-

0f immortance to our study of conzcious—

wractically all sengory information is created inte
in the ELF range
ryv tronsduction is this: a stimulug of a givel
unon an afLeTGAt nerve, wiiich is 2 membrance which

the intensity of the filmuluug the greater
“Cbqut 2d, and since thig means a larger flow

L that membra:rlce.y thiS determines the amn-
gene-ator notential. The aanlitude of the menerauor
once Uynﬁnmod (either e excitory or lnhlbluory), determines

the frnquenCJ of the action potentialu., See fig *.4 below
veak 100 outnut 80 s
amplitude e freq. i ///
of the y impulses pa
generatog : per <
ho+onb1qio / sec 40;
z e
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Investiontions hove been mede relating the intensi' v of the in-
»t otimuli So the freoauency outnut Tor all of the sense modalities.

Stevens hynothesires that the sensory trensduction ~rocess follows o
nover law, ie

fo = ax™ 4 5.4
wvhere Ty = ontout frequancy
‘ ayl = dynenic fischarse regnonce to stimulus
- static divcharge rate,

-

When 3.4 is revritten, we =ee that this is sinply 2 form of

log £5 = (n log x*log a) = b 3.5

the Ueber-TFechner lavn relating sencation to stimulus, except here
she relationghin i the frecuency of neuronal outnrut to the gtimulucs
intensity, Altho moszt trancduction nrocesses followr the power law
over & certsin rance of in»out stimuli, it has been hynothesired
(Linetr) that the trensduchion vrocecs iz better descrived by

. A
fo = tanh x (hyverbolic tangent) 3.6
Jince, as we @hall ghow, the ecreatest majority of output fre-

micncieg ars betyven 0,01 Hy and 500 Hz, some mechanism must provide
discrimination for 2ll the messages crovaeing this given band, winich

‘becruse of the extromely lowr frequencico, have a limited channcl
cenacityr, In n~rt t"is identification comes from the exponent which
ig generally unicue for o given senge modality. Of importance ig that
these exnmonents exhibit values gencrally incicative of the oft
obgerved vronerty of differences duc to orgenism individuality. A

corallery to this would be that there ig probably no univergsally
compilable frecuency or waveform dictionary.for rome phenomena,

Table 3.1 ig an errangement of the various obgserved power 1°w
xnonents ~g comniled by Stevens and by Livetz from 2 large nuaber of
investigations comnleted on the average, since 1965,

TABLE 3.1 - Power Law %zponcnits
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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 gpike duration, it is also
undergtood 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 modeg wherein the frequency of ncural discharges provide
unique and unambiguous information about the stimulug. Tor examnle
in phase coders (T-tyne) or latency-burst diswersion coders (D types,
g given neurons' outnut frequency is relatively constant over any giver
long duration, lets may 120 impulses ner gecond. The coding occurs by
the mechaniom that the discharges vary from their normel intersnike
interval by only a fow toenths of a milliwgecond, the information thus
being a code baged unon the nhage or earlincsg-—-lateness of a given spil
with resnect the the average intersnike duration. Bullock, from who
the 2bove coding schema ere credited indicates that at least two
additional codings occur: one, a probabilitv coder (P-tyve) which
nroduces snikeg in 2 ocuagsi-chance manner, snd two, a burst coder (B-ty~
which »roduces snikes in clusters of varying number. (Szabo and Fessarc

Once a stimulug is supnerthreshold, a aignal woroceeds into the
brain struciturecs by varions multivnly-synapted afferent pathways. Once
in the avrronriatce ccorebral structure the incoming information ig
procegscd in magsge, nroducing “the nhenomena of averaged cortical
resvongses, It hag been shown that these aversge cortical potentials
have almost unicue waveformg for +the given scngory innut. The average
notential's voltage amplituden vary unon the mechanism of whether or
not the apnronriate neurons fire in phage. When neurons or a given
conntant voltage and given outnut frequency digcharge, amplitude
modulation (ie of voltage) is a function of the phase differences
betweon those neurona.

Por examnle, in a neuron firing at 60 Hz, there is one gpike
every 1/60 of a sec, or 0,0167 sec. If another neuron, regardless of
its outonut freguency delivers to gome cortical gtructure an immnulse
that arrives simulteneously with the above 60 Hz froquency, the two
wvaveforms, much like oceanic tides,crest together, amnliflying the
voltege of the thus averaged cortical regvonse. However, should the
two (or threec, or n) signalg be out of vhase, varying degrees of
additive or subtroctive construction will occur in voltage amplitude.

Consider then that the message or meaning (not the information
g we shall later specify) is function of several factors: the sensory
out-put freouency, all usually under 1000 Hgz; the nower lew functions

of the modaliticg, vhich discrininates but their rate of change, (that
ig prowth) the modality: and the amnlitude of the averaged corticnl
resnonaes, a function of ‘he nhage of the incoming froouencies, .-
The following ig then very illuminating. Annlitude modulation (A7
ig a function of vhagse. Kowcver, the time ratc of change of nhase,
that is ito first derivatioe, is degrees ner second, that is froquency.
Mow, in addition, *he wayeforms arc transicent, gro-ding and diminishing
ranidlv, and the frcoucney also changen with resnect to time and the
first derivative of frcoouency ig change of frecucncy wner time, or as
we know it, freoquencv modnlation (FM). Therefore, the 'message' is
a function of phasc, the firet derivative of vhage, which ig ‘requency.
and the gecond darivative of nhanc, whi%P ig frequency modulation.

' A A
Message = ¢ % 52 % Xg‘
: i
(AM) (FREQ.) (F11)
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Tor the «akc of gimnlicity, the cocfficionte have been eliminated
from Bo. 3.7 , but it ~hould Do unforstood that in any given 'mecsago
the coefficient of any %érm way be rcro, limiting that heognge' to only

onc or two of the »ogsible thres comnonents.

i

A11 of the sensorv cndings we heve soon, or ¢hall see, are sonmce
veriatiation unon fregquencv coding, yot therc ig another aspoct to thos
codings vhich illuminste the nature of nercention most noienantly.
Moot of the codincs we shall examine are continuous, that is thevw may
heve eny value £vom Shae minimum to the meximum for that given sensory
modality, e e nt thone of olfaction, and wmerhens gome others that bave
not yet Heoen inventiceted, :

Hucrhes et al imnlanted olactrodac into 23 natbients during ortho
neurosurecry. Standardized ehmosvnheric solutions of various odoreants
vere administercd *o the matients and roghonges were recorded firom the
olfactory hulb, and ecnysdala of thoe conscious cubjscts,  The recults
can only bo daeceribed ag revolutionary, Tor what Hushes and hig co-
worlkers had found was that odor cualities were recorded into sypecific,
that is discrate frequencies, retler than a2 wide band of freouencics.
Altho riome of the lines resmonded to more thon onc gtimulent, it could
be =aid in general theat only very snecific frequencies were allocated
for verv snecific odovant cuwalitizg, the result being that come sengor:
coding was ag nccurats and ag snecific as emiscion or absorntion lineg
from gtellor gnectra. Here it can he gaid ic spec:Lic evidence for
2 dictionery.-like freoucucy code of sensation, Table 3.2 licts the
mejor fregquency commononts in ¢ clos per scecond, in a human olfactory
bulb. (J.R. Muches, et al) ‘

Teble 3,2
: Ollactory asnoectrsl Lincs
Odorant

Menthone 30,3 16.0 51.6 57.3
Penmermint 25.8 30.73 ‘

Bugenol 26,4 30,3 50.6 51.6

additionnl common lines occur at 70.8, 72.9, 73,9, 75.8
ond 79.9, with comnonents higher then 140 Iz being very rare.

Let us conclude thisz section on gensorv coding by showing two
diegram«, The firgt, fisure #3.5 shows the outnut frequency of bone
joint position reccmtors, ~nd the second, ghows the outnut fregquency
of a muccle asvretch reocentor. Although the reader is asked to verify,
ag e ghall latcer show, “hat audition and wvision out»ut frequoncics
do not cxeceed 500 Uz, the following diagrams arce added cvidence that
no acngory outn»ut froousncy exczeds 500 Hz.

Tone joint recentor Muscle load recepﬁpr

imnulses

: imnmulges : s
ner | per 100, P
seccond 30 I seccond A
: \

; .
20 \ /I;(//[ ;/[ , //\ \ 50 { P

. I~

/ - \ \- \‘ l
209 150° 180 -0.5. 0 0.5 | 1.0

#nint nosition logyn load in grams
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%,% Klectroreceptors and the Acoustico-lateralis System.

Althoush it is popularly accepted that there are five senses,
ie, smell, tagte, touch, audition end vision, rccent physiological
vork has 1ldentificd many additional sense modalitieuy including vpain,
carbon~dioxids and specialized clectrorcceptors. OFf interect To the
tonic of sen satlon and nercention is the fact that a given nhysiologic
identifie? sense organ may resnond” to more than one 1nbut gense modal--
ity. PFor ing tnnce, prouulnN the eye lightly creatos gual 'vhosphene
imngeg, wherces certain wain and thermal receptors in tho skin regpond
as Wbll to pressure. Additionally, vpain may be nerceived by injury
in arcas in the skin which are not innervatced by either touch, pain or
thermal rceceptors.

In this section wo shall demonstrate the existonce of specialized
clectrorcceptors, but it is our additional thesis that all neurons and
some gsynensos arc cloctrosensitive. Congider, for instance that that
which wo call taste and smell ig reeally a function of given concentrat-
ions of iong, which them-clves are clectrical charges of snecific
nolarity (valence) and frecuency. Similarly, that wvhich we call hcar-
ing occurs - when a mcchanical vibration acts unon the cilia in the
organ of Corti, it is the stregs-strain mechanical energies of the
cilia which croate. heab (infro-—red) vhich stimulates the auditory
neurong; the gnecific meehanism ig called piezoelectric. Thermal
recontors resmond to "heat?, but that which we cell "heat™ ig specific-
ally infre-red elcctromagnetic radiation. Finally we shall not belabor

the noint that vision is the responsc to elcctromegnevic radiation
in the fwisible-light" frequencies.

The swecific electro-recentor organs as described forewith are
all revealed from rescecarch in ordinary end eloctro-gensitive fish,
However, gsince our thesis is specifically electromagnetic reccention
in the ELF bands and the 25m to m boand, the recador shall keer in mind
that these electrorccentors are nart of the acoustico-lateralis systenm,
of which the cochlea and semi-circular canalg in men have evolved,
and algo closely reosembles the Pacupunciturce noint system) both shown
to be electrosens iTlV@.

Leydig in 1851 had studied the lateralis oystem and concluded a
gonsory function for the organg. Latﬁr, Schulze, in 1861, had hypo-

theglzbd that the cunulac of the gtem were stimulated bv 1) vqto
movements directed a#ainst +the h or amnhlolan, and 2), low freauency
vibrations (sound) in the water Sﬁnd, in 1938 demonstratoed that the

amnullac (of Lorenvlnl) were infra—rod cengitive. In 1955 Hengel
confirmed Sand's vork and extended it to show the similarity with
mammalian thermo-recentors.

Ligemarn, in 1951, had discovercd a low voltage 0-330 Hz stcady
discharge from oloctrlc organs, and later suceceded in condltlonlng
a snecics of fish to microvolt ELF fields. Bullock et al, in 1961
hvnothos17cd that the svecialized electro-raecentor organs werc derivati
of the lateral line scusc orgens. (FRESSARD, 1974, ed.

The snecialired lateral line oreans of vhich we «hall goon sweak
occur in kntegration with the ordinary lateral line systems, that is,
not in substitution. Tt should be mentioncd that species not contain-
ing the SLLO reovonded to ele CbrlC“l fioelds of mV intensity in the LLEF
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

s LARRFoUed For Release 2000/08/07,; i\ RFAE-00787R00050023000¢-2

resnonse tyne is galvenotaxis, 2 turning into or pernendicular to the
fiecld, The third resnonse tynz ig galvano--narcosig, an  immobilization
of the test subject.

Final proof of swnecific clectroscnsitivity was vnrovided by Kalmij:
who scoucstercd a flatfish 'nrey'! in send, and wivh . other controlo
excluded visual, mechanicel or chemical clucs, yet the sharks and rays
yere able to locate the flatfish. Ixtra weight is added to the cviden:
vhen an artifical current similar to that of the flatfish vroduced the
game location rcesultso,

Pigurc 3. 7below ig an adantation of Table2 ( in Kalmijn (1974),
which »lots the clectrosensitivitics of the various specics tested by
numerons anthors, Two tynes of clectrical cnergy paramcters were
pregent at the time of testing, one being ficld stroength, in volts per
meter (Vem™1) and +ho other being current density in ampercs per centi-
neter squared (A-cm=<2), Curve fitting roveals that the relation be-
tween the two throshold narameter is

(3.8 ) log Vem™k 1= log A« Sm~2 5,0

Figure 38below shows that in sharks and rays, generally consider:
weakly clectro gensitive, the relation between curront density and in -
put fregquency reveals that the threshold increascs ag the froquency
increascs, a rclation which ig also obscerved in man (Cf. 3.6 - 3.9).

P

Volts per_,

meter »
-4 ’
-6
~8

-12 =11 =10 =9 =8 =7 =6 =H =4 =3 -2
loglo amperes ner centimeter squared

Although snccific electrorecention has been demongtrated by Ligg-
mann, Bullock, Xelmijn and others, of spcecific interest to ug ig that
the ampulleac have been demongtrated to be widely recepntive to other
clectrical and vpara-clectrical nhenomena., The reader ig requested to
gtudy the following closely, for what hag beon demonstrated in the
amoullae of figh hag also hecn obgerved in man, that is both wide and
nirrow clcectro-regnonsc,

Here the work is primarily duc to Murray, spocifically on the
ampullac of Lorenzini. Our interest in this organ is due to the fact
that it isc widely distributed in vertabrates, and its resvponse o
electrostimuli is a tonic, that igs frequcney coded message, whercag
the tuberii, found only in fish poscessing EOD, rcoasmonded with phasic,
burst-digpergsive andtonic-phaesic ~odings.

Figurcs 3.9a to 3.9b below show the following responscs of a
gingle unit of amnullac, In 3.9a thce innut nerameter is voltage and
polarity. Notice that the organ has a discherse rate of about 30 Hg,
and thce outnut frcguency thercofore codeg polarity and intengity. Notic
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Returning to snecific electroreception, it was obscerved that
stimuli of duration 0.1 %o 1.0 sceconds were meet cffective in cliciting
clactrorcsvnonase. Waveforms of the above durations ore couivelont to
10 Ez to 1,0 Hz fregquencica, Also obrerved wes the phenomena that
stimuli that werc cither too hrief, or sustalned for too long were loc
cffective in producing olectrorcsnonse., Along the game line, it was
shown that atimuli that were cither amplitude modulated or frequency
modulated gave resvonse when the ficld gtrengths were ag low as
10 uVem~1 The most effcctive froquency of frocucncy modulstion was
% Hz. Lot the reader romember this, for in the next scetion, (on
sudition), it will be showm the the auditory scnse, again, histologics
derived fromthe ITO 2lso decmonatratecy a provensity to selectivly
resnond to certain stimuli, if and only if that stimuli is cither
amnlitude or freauvency modulated,

In 2ddition to the nhove clectrorecentive choracteristics, a
nhenomons of valuce "o the biofeedbock rege~rcheg occurg when two
clectroncnugitive spocics with clcoctric orgen dischorges (EOD) wore
conncceted with contact clectrodss. It wag obgerved that vhen the two
figh of the samce swecic, cach with the game bagic EOD frequency, were
connceted, both figh we ¢ obscrved to change thoir EOD in such a manne:
to producc digsimilar, thet ig diverscnt EOD, Scheich and Bullock
indicate that this “jomming evoidance resnonse" occurs so that cach
figh can diccriminate ite own ncural patterng, such that confugion,
and thercfore lesg gsclf control may be aveided. This JAR accurs only
if the BOD's arc within 15-20 Hz of cach fish' own EOD, =nd iz most
nronounced whon the differcnce ig 3=5 Hz, This ic related to the
M regwonce to % Hz, cince two fich within 3-5 Hz of cach other will
nroduce high amnlitude 3-5 Hz modulation of cach others EOD.

The vhenomcna of electrorecention has bocn studicd by the various
naychologists, physiologists and biologicsts, vho decm the phenomena
ag nccesgary for the asurvivael of the aguaric mynccicos obgerved. They
call the nheonomona clectrolocation and cluctrocommunication, yoet a
nerugal of their bibligranhico indicate that none has cited or studied
the biovhysical or paransychological literaturcg, and their conclusion
were thus reeched indepcendently. '

In electrolocation, for oxamwle, in Eigenmannies, the males' basic
froquency wan 250-600 Hz, vhercag the femoles'! was 340-560 Hgz. Similar:
an adversary or prey may he located at a distance thru clectrorcceptio:

Again, certain currcant velecocitios in the occans or streams con—
tain gnocific life formgo, and it hag been demonsirated that scnsitivit:
to currcent velociticn ne low as 2.5% 16Pm.gec~lexist. Another reoort
indicrtos that 1077 m*gee™ may be used ac o conditioning stimulus.

In 2 pimilar study, a 2 wm vibration at 15 Hz rcsulted in o 50 Hz gign
(Schwartz). ' '

The smnullary organs, anecifically clectrorcentive, have boen
chowm to have cvolved indwnendently in several specics of vertabrates.,
Md, ~1ltho the LLO arc found only in water dweller:s, cvolution hag
produced two orgons <vcecificolly dorived from the LLO., At one time,
olfaction, vigion, ond certain croniel nerves were part of the Leteral.
cyostems.,  In men, the vegbibuler canals (not uncoincideontally named
Amnvllae by enatomists), and the cochlea are dircetly descended by
amphibial TLO. In thce next gection we ghell show the very close
gimilarity betwoen the cloctrorccentive ampnllary orgens in water
dwellers, =nd the ncoustico—cloctre rocovtlve vewhibnlar 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 intercet in sudition stemg from that scense modalitics! rolatio
shin to the latorolis gystom, but ~lso from the fact that audition is
onge modnlity concerned with the fregquency and the intencity of

[AAC IS
the inpninging tinmuli. Altho the cnergy intonsity by whichzaudltlon
ig meesurced is ucsually Watts ner contimeter gguercd (W ecm™<), the

voerious cnorgy dimensions arce interchmngoesble, like meters into feot,
ond it can pe direetly shown that the clectro-gengitivity threchold
nay be computed dircetly from the audition thresholds. (Cf 3,5 )

Since, 2 we hove indicated, that audition is = skin membrene,
bone conduction phenomena, and that there exist several fTormulac re-—
lating ckin aren to height and mess, and the »rovortion of bonc mass
to totrl orconism mans, it is not surprising that a mathematical relaet
ion chip oxists betwoen auditory throgholds snd phygical body measurem
menta, Masterson nand Diamond have cmpirically »roduced the following
relationghips, Eq. 3. shows that the lowest freguency resnonded to
ig related to body mass, and that in addition, the high froguency
threshold is a mathematicnl function of the low froquency cutoff
threshold.

310 log Tiow + lo08yang (kg) = 2e5

CldRe

301 Thigh = 20 kHz % log T1oy

Other physiological agwecets of audition illuminate proccsscs
relevant to extra, or =as onc nprofessional callg it, cxnanded scnsory
nercention, Von Bekesy studied t he auditory thresholds with regpect
to three variables; hercdity, age, and rcnl time. He found for ingtan
that the audiocgroms of moembers within o family were significantly
gimilar, whcreag on ~udiogrem of gomeone not in that family differcd
as well gignificantly. Viz, & »nroof of the hercdity of sengory and
norceptual abilitics and resvwonges., In oddition it wag found that
with increasing age, the obility 1o merceive gound frcguencico ~nd
intengitice weg attenuated ot the high frequency res»monse band, but
wag basicnlly unchanged ot the low frcogucncy cnd of the acougtical
gpecctrum., Of very gonccific interent to perccecption was von Beokesey's
observation of the following. Audiogrems were modce of subjects! -
threshold gensitivitics at two fmguencics, 200 Hz and 1000 Hz, and
obgerved for a duration of twenty minutes. It was found that the thre
holdg varicd 5 to 15 db with veriodicitics of 8 minutes for the former
ond 6+ minutes for the latter. It would nrove to be highly illumin-
ating to discern if cach frequency had its own periodicity of threa-—
hold sengitivy, for in addition, periods of 8 minutes and 6+ minutes
are in effect frequcncics of 1/480 scconds nnd 1/330 scconds, and it
ig well demonstratcd that higher freguencics arce harmonicg of lower:
fregquencics, snd we may sumnize uldtro-low freoaucncy modulation or
driving of higher frequency acoustico-mechano-electro-gensitivities,

In thie cection we shall obgerve the verioug regnongse character—
istics of the auditory system in order to esteablish the limits of the
cnergy verceived., It has becen adovted as convention that the root-
mecan—-gsquare threshold for audition is 0.0002 dyncsecm=2 at 2000 Hz,
the foqueney of highesgst songitivity. However, von Bekesy has observed
sengitivity thresgholds of 0.00005 dynes.cm—2 at 2200 Hz. Therefore,
while we shall discuce standard auditory thresholds, but again the
reader 1s cautioned that the demongstrated human percevtion thresholds
may vary og much ag 5 to 15 db below the 50% povul~ntion standard
threghold,
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Like the electrorcceptive genges (ELF, infra-red, and vision},
ite '4n,1t1v1iy of cnergy (crgo) is

audition in crgotonic, uh .t iz, ite

a function of the frcoucncy (tono) the 1m)1nvln@ stimuli. Also,
like the clectrorccevntive zenson, dlblOﬂ shows the wronerty of
excitory and inhibitory rcenonge. That iz, mogt neurong have 2 phage,
that is o stotic dircharge rate, so that, while some ctimuli cauce on

increasc in the ncural dicehorge rﬂbop, some stimulil couse an inhibitic
that is decrense of the gitntic dig aﬂrgo rate. Thig is a2 very inter-
osting Aspect of cenneation and perception, for the nercipicent must be
awere that the information ic "the ?bsuncc of information,", or to put
it crudely, the norcinicnt is required to be aw~rce not of the donut,
but the hole. :

Figurc 3.13 belov i the oft reomrduced and novw gtandard auditory
intensgity-frequency resnonse chart, The sound pressurce level is given
in dynogecnm™ 2" and Joulcs ner gauarc meter ner sccond on the left hand
ordinnte @nd(tvnt tively) Volts por metor ner gquare root of the fregqu-

ncey (Vem=1Hz=%) on the right. It is convenicnt to use Jem~< gee—
rather than Wattse.cm—2 bocouse we should likc to be able to calculate
the cnergy in o given frequency waveform., (Sce the next sccetion for
convergion factors.) ‘ 1

Figure 3,173 Auditory freogquency--cnergy threshold Tesnonses
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Additionnl evidence for the coding of scngory information into the
ELF band con be scen in Pigure 3.14 below, which charts the frequency
of thoe neural imvulscegs in regnonsc to a ﬂinn stimulug intensity input
for ncuronz with freguency-onocific rognong Notice that the hypcr—
bolic twngcnt (tenh x) grovith rate UqLur“tog At about 450 Hz.,
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