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p:::mu BJ,_\u 

Thn issun i~ not tiliathor tho ~henomen~ of o~tr2~sensory ~orcept
j_on e~dsts 1 but rnther 5 if electrom'?.i~J1Gtic or other ')hysic:-'1 theories 
adoque.tely O.e~;cribos n.ny or oJ.l of tho 'lhonorDono. 

:Dlectro:~u~J:notic theories :-or tbe -pheno~~1cma ::.ctue.lly •;recJ;:--te 
their (j1J1)("')Si t i.o:t1 by more th2.n three centuries. · r;.'.rt frmn Co.rtesie.n 
nro;ur,1ents lesl.ing to c.u--.lism ~nd .-,wtori:~1iGm 9 the 01 mcntc~l ro..c.io n 

modelc--J 11 PVe trar: it i_on:'.lly o.nn. ovon recently bscn O'Ypossd u·!on :·.t 
le :st the four follo•ring grounds. , . 

Pirst 9 th~t ~1thou~h tho high correl~tion between tho elec~rlc~l 
acti~ritiT o·f t1-w brr.i•1 m1d boclv •:Jith m;-:.nv 1JGi <)heno:,lena is vmll 
G8t8.blished 1 the brntn dOGS not Or'1it coho~ent ODOr:~~y Or r.),cli;).tion 
dotoct8~:•lo r:J.orc th ·~n c-. felT contir,1etors from tho c:: 1.cull. Second~ nho,t 
enoTr io,g c:>,ro onmi ttod loss their po,ror vor:r r-::.Tlicny ~ c.ccorcUng to tho 
optic<"l 9 or inVBrse t() tho sc;uc:cre of the C1.ist2::1co rule~ and -such con
not 8,ccount f()r tolo;)J.tb ic '!honojuen~. ~1b ich occur over c~::.sto,nces of 
tl1oussne s of 1cilor:totc:rc:. Third 1 Ei1 theories ccxmot ezplnin the nclo~m 
thru 11 cr.rd a eel;: cloinroyrmco l)hoaomol1:-. Fourth 1 'DY o:::,;1:~dnFtion of 
nrecognition c:x~not '!O,s,si!Jly :.)o .-::loc·:;roino.u1otic. 

Let it be concocl.od th.-·.t tho tb ird rnd fotlrth o b j oct ions ')To VD.lic1 
s.nd uell t akon. II<YHovor, .~s ··:rill be: c;;'OH11 9 thoro is novr ovin en co 
thnt suuorcod.os tho :Pi rst t'JO ob j oct ion.s. Al thoue:h soine r'1:?Jo.1.rchors 
in t: is fi,-::;ld ~~dhore to ;::u"J only-one p.si 1Jh;;no''18:J.O ::-10C'c-:l, 'To c~o not. 
A•;·nc.ront1y to ,c;o'ne 9 nince E1~1 thoorios cUd not c:;cco1mt for 8.11 tho 
-,hcmOYJ1211" 1 it P;'Y"f'T·-:mtly dic1 not r"ccount for '.'11Y of it. . 

n thouc~h it >:·T"D our ori,ain~l,l intent to Droocnt n:;u evic1o:n.co for 
tho ')l2usibility of o1octrom;:gnotic rc.di-:-.tion iJoing tho 'ih'rsic:o1 b;,.sis 
for '10n-"0recormi t i vo c::~-'~r.c-.-•-:;cm:.:ory porco'}t ion 9 so;·Jot Lno botTroen the 
bG,..'inninp; of our TOf1G~'rch1 r.bout 2 yc:;c.-..r .~.go 9 r~nd tho 1)roscmt 9 it be
cc-n'lJ.o C\.YJD:',rent to tbic< roE!G;.rcb.or t1J2.t thoro i.s little tl'l".t iD ;;JElTO..

nhysic"i cbout no~o 08"0 ~ho,o~on~. 
}3oc.cuse ue f inC:. th.'t 1J-0 T :'1Joycholof,Y ,1z::r be roconciL;c1 'ri th 

Dsvcholopy 9 the t1m synthesized unon cl~~sico.l phvsics cmd neuro
uh3rsiolo:~Y 9 t}1 is r!Jo1~op.:rz'cc;h h:-'S b,ocn <:Ol to rod only in style, :.:ut not 
in content "i th rcEFlOCt to i tD :-.;t.-··.tcd rm.r--1os..:::. 

Unon the follo~·in~ 0uotatiori rests tho foun~~tion of this thssis. 

"}
1ino.J.ly 9 OXtrl.··Sr-:·11f30ry TlOTCEJ'!tion ·".DC, c:onc:;ory DOr

ce;·)tion :~"0'?0~.r to 1:;o 1 UCh .:.like oJ:covt in tho r·?l~· . .tion of the subject 
to the sti~ulus. 'ilion senAory ~orccntion is tented nt ~ low level 
of -'?ti·rmlus intcncity ;,r~::lich :·1.' 1:0 .. the Drooccs:?J ;narc co~:n1J;:'.r-'blo to 
:c::-:p 9 thoro is· incJic".tion th.::'lt it is subject to so'·.1o of thG influonce.s 
no1rr 1 ~:rJo;·;rn to effect J;-;:P. ~)or:form.~co. ;; J.B. J1hino (Nov(;mlJor 9 1940) 
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Bvon befoj:-e the ~i:::v·mtoo;1.t}1 r.ontur'T 9 tb:::: -to·~ic'·~ of co11:Jcfousness 
in0 co)nm11ic-:·tion 'TC'~e of centr-,1 -~,c:.;sue to r . ."::blr·',l f'l1ilo~:;o·phy ,."nd 
theolo.rnr. ~rho TJhonomonc, c.~.ll8t c7:T;; .• ~:on:=::or·r 'Jerco1Jtion 1:~' :;omc~ 
""' ~ 1" l !'1:'.1. n·P'" r--,1,~ t .L· Cll:1 '·. ~;· 0 ·c' 1" e r··· ll ~, ,C! ; l 0"1.r_,. 11 l. r< ·'-o ·~v 0 ·;" l) 0 l. 'Y'\ /! :;\nO 1·fr1 iyiT .J.iCJ .J .. ,. ..tl...' t_,,.J_. Lt ,J _, .• (,..__. .. ~ 1-.-~ .. _Jll lJ -·. '-" l.L, __ - "' .... _, 

q;;nv c.iffGrent n-~ ~188 in m::- ny cul tm:·o s .- nd :;very historic :',l t i. ~1.0. 
It h 0 0. 9 ')'T tJ!j.'? ti·::rJ.e 9 boon ~,rell c1.0T10YJ.Dtr~tor:'. t~" t "~!H.:\U 1 .'?o conEJCioufmG,SD 
tF.;'i i11terrlo'7loncont cr:; uell U"!011 his 1Jiolo'··',7 ."-'nd 'Jh?r~iolop:',r 9 ~.nc' th:J,t 
those in turn wer0 i11fluencc~ by the physic~l e11viron~en~s. 

/:,lthou.o:b in rot:c-o.c-<·Joct tho issue cnl1Corn··J it:::clf ~rit~-1 tho. d2ta 
~crivcd fro; ~h7°iCS 1 ~hysiol02Y 211~ TJsycholo~y 9 tho brief survey 
1Jresento~ hero sho·~ nuito clorrly th~t the invosti~~tions undor
tc:-,l;:cn r-roJ:'c don:: .'Jo 1'~1:-:1:-;r the :cotion tlvt the; ·;hcmo"1011-'- obs·Jrvad in 
one s·Jc:c:i.c:;l-i:;y '.·r::-s not T81:--t.:c:C to iJb:J'10'i1cnc o:~)s.:::::rvo-:1 in o·chor s-)ecinJ_--
tioEJ. ,-;~his b:::conc-;c:: vor-7 ;~-y~:-.r.'nt ···:1211 l;'tcr on 9 r,~.C:io 1!heno1v:::n29 
Po "'lTO-cticc0. i)~r o1:>ctro:clic -m( j_no';::r; m 1 d ·· r:di_o "llwno J:;:::no. Pith 
rc~~act to os1J, bc~~1ittl:; rc1Jtion to ccch otber, i~ the ~in(s 
of tho ~rinci:'l:.l :y:;_~c:-'JG~rc;Jolor;ic.::-1 invcc.ti"" tor of t~~o ·11irl
~·~nti2th ccntur:. 

It 1•0''.ld :)c r: if ·icnlt to c::;~: TTllon tiL: vc:r·:r fi j·st ol~:;ctro·1r::,~nctic 
th.·ori :n of 'Jsi :first occurred" 'Joe ·uso t:Jc ;'JlJ.:;no·jnn:"" is Clco:::cr5_bod in 
HO l~~ !'' +}1 c' ·:- n·~or'J ..., + r ·c1 0(1 C rn "' C l. "1,1 "-l· ..p .: C t "'·--;n 1" 110 l 0 r:: 1" ·"'"" f; T)T)TO "!0 c• 0 f t 11e~ ~- C' v.,.J ·.-'1'-'~-·-''-·vl . .-_, .. ·.~ ~-·- :-..l .._,_u _. __ [._. !.,....1 ..... r-_- ... .,.,k)o ....... o ...... 

. '··y;ci:fic if'suc ;:d~ ho:1d 9 tho :2i·'f',t ::IJ.G:ntj_on o:f :'1117 ph8l10'TI:::ma re1(31/8nt 
to the lJGrco.,tion ,-,_nr'/or emission of ol Jc·:~rice'..l or iTI"t"·11otic e11ort;Y 
b~r th-:: hr:.n::'n OT"'''DiG'"l occurs nith :r.~rzce1::us (1493-1541). He •,i::>.s 
8. Dhvrdci2l1. ;::nf' r~~!uto·-~lv <"' ;!r::~•c1.Jic b::::~.lcr :c.s rrull 9 .:cncJ he 1)clicvcc1 
th::--t ;-n~rrn'"ti:"'"'" "TO'C' C' ''•1V'"'~·no1 io··'-' l)UJ_ 11'·':11"·'1 "'o,·c" +l;nt 1i1

(0 th."' c<t'r.c• 
• -· -~(.,r· ~; -:- ~J_ 1 '-~-~~: 1 ,,1~~\;<..~.L ___ -r .,~ ~~+lj~~ r~--~-~~~:·_~-· ~ "':-~'/,ilJ.~~r., _1_ -~· ~--.-~"~~~ .• Ll:J C\> ,._· 

J:nflu-~nC-~C b"' .l.U ,_,. "'1 JOC..? e !On ... t.) c·. C.L, t,.. UC," 9 .J, , ,u,J vL ... '-' 1 ·-'-·· .<olOn 
that 'Jervedcc, s<l·co. (Boring 9l929) 

'l;lr"nc 1' P ,~ :::roor1 ( lr::f.:l-16 2r.::) 1· n '""' 7 1\T., ~'vl'r'l1 '_., ••• ,_ or -, 1'T·-,tu·~"l Tr"l" Ptorv ~- _:,) J.L.-~\__.. .,_ ')U lJ . . . .) ,. L~ ·-') ~ '-·' \...- .... .. 2 (., ..J.. '-~I ..L C • .. ~ u 

''rovid::;r: fJ.::ve:r::--1 ;·.ccounts of 'Jr:::co:J'1'itio.i1. ·.:::n.cC -t·~-1-.: 12.tb3r 9 not inc tlv: .. t 
thc':r ,.,.r.:;rc n2.turz.l TJhcnnn::::n~ 9 ~nc-: t:·: ·t it b::-.lon"nCI to z,, cL:·r:·E; of 
0 !G:r-f'.i; ionp; -~ ;;CfFli sc;" on.s; ;; ;·tro.nc;mLs· ·io:i.1.'J ~ ;; end'·· infllW11CC,S 9 Hhich 

11 WOI':{ i'·:- -, riir'·'-.-,,1CC. l'll+ ·1ot :-1-t; +o1.:ch " 't ;bout th." c•~;~y' 'l-ii11;, 
V~.n r=oi:·.;o;;t .. ( l5'77-1s;. ~- ). u o ;:, i(· i.~~ ~-t;,;c1 "th~ c~oc.tr i'~1:; of ·;l;i:~;J_ '"·:1;, ··.n6·t ism 

9 

b v t n "C h 1· n,c;· tl1 .,_+ ·1" r.r~1·"' ·/- i C -r:-1 .. 1' 1· d -· .. , .~d i ... 1-" .~ .. p .. "0"1 'll 'YlCll "11 r: ., ~ ·,r }, "' 
. ·.' .......,~_ ... _...... -\w l '·~c:>~- .._-v.- .. L "'i.. .- .. ) _l.,__ ..... ,l.J\_.,....\J.. .~1.. 1. <...-•.. . .•. Sl 1.. ... , .l •• _, ul) 

{_).Uic"'..od. by tho n:i.ll to in:fl FC:l1CO th~; ·,n::_nc(s :·.net 1JoC i8 :=; of othors. ( Gud:· s. 
-~- conto'-l'O:::l.r·r o:c· tho ,-bove nas G:LHlcr·:_; 9 ~.rho L1 1600 Dubli.shccl 

c1 o ~ 7 c:v~nc·:to? '1rinci~.,.l1v:: t,~o:·tic>.: on tho 1o0Gstono, Gilbert con
·c·l·~,··o"-o··-a· 't11"';.7t t 11° "'Un ":nd' ''- ::r·'-'·1 • ... ~-· r_, bo+l1 . .,., .,,,lr!"'+"' -l-11'"' 0.1· ,,,rn:--.1 r-c!-u.~ ... tl· on L_ ' l. ..__, l v '. ( ·. """'- ~J.f ._,_,_ '-' l ,, Ul'..·J(_: ........ Vl-'9 v 1....~ - ~- UU-

of th.:; ::;,~.rth (·:'>SnC:::::;nt 1.non : .. ll;".'t r,1f:_F·noti:: iL :-18 ,._l;_:;o .stud.i::;c1 the 
'lbcno'non.> of ;;cloctri..c~.:; 9 

1Y!.lt r~id not conc1nC.c th-.·t there 'n.fJ 2ny 
rclntionf:''•i:, D·Jt'ro:n ;y•c:rn,:::d;ir::n .-...nd. :olc:ctricity • 

. \0 ~'in., ·pc f:in0 ;·_n,Yi:>or - t ·c: T>t z-.t ::' >hv;-;ic-~1 or m';C]l.:'n:' cal 
'"';.•;-.1 ,.,_,Q:.... ·;- ~ On 0 -"".L·· -!~i1 -~ ·: '- ,0>11()''1 rq1 ;' ''1. -!~"' r-1 '''1'T1. ll ·c 16 ~ 6--l (::: ClQ) nl10 CO' ·1 ''l "'·'"' ........ :... } ..... ( J J~ - . " ... __.~__ .... .--_ l ·~!! _, .. ·~ \i -·- ../ .. )\...,.- - 1_. v !-:> 

8. POrlj} .. -soul by>oth-;c:i.s '.rith tho o;;-:;·,;~~''tl;!;ion th2t ", •• tho .:::"7it::;:t.:;d 
n;-rts o:f tJv:-: nr.· in ('bc;vc;t) - •J.Ot 5.o!1 in tl:~o ·:Jro;:Ln=: \-:.thol~:; it is 
nro•ve-:-:·1~w' thro'l·"':h th.; l:i.ouic1 'l:'(; :i.1r:1 9 :.::::: u:::: · c-J.:;c th. motion 'T~'ich i,s 
C 2U.r< I c~ b;r " e<ton ·o t 1J.-~o., 1"1 1. "1"!- 0 ~-1-, -o • -~ i- '"1 

:; ( Gud " 0 19 61 ) ',_, ~ '· ·-· ~.'). ' J...l. l LV () __ \.::; (.I . .J_,..L.. :r ,..(., . ...-) ... )~. 

It: cbo,~lcl 1Jo unr .,r,,toocl tJvt ::1.t this ttm:.:; 1)hilooo •h.,,rs 7 vrho 
"OrO -!~]'),.., truo fo~~3rU:In.:;•:P o:: the ;IS7Cholo,g:l'JtS9 '~:lCT.? C1.8;)i.'oCing tho 
iG';Uc: o:f' •rb ·~thcJ~ ;"' :11 ~+.::;·~i :- 1i 8 :~ Or P: ;j_ tuc:>l j_;:]'(~ '(\()<::: Jl '·10 r:t .~eCU:(':d';~;ly 

"CCOl.mt .. ::;r" <'or :·vn'" b:~h 1vior ~n.d. con '?C ionsn.:::~...:c, Tho ou-:::nt ion ~rhich 
'Tf'S TC'':-.:!101:)"' 1:rr c~r·!~:!Si n c1 :)_-:oli.S .. 1 .. is still rolcv::·J1t9 2:nd. is 
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r::Jti11 b;Lv •"ciJ.~t:.:;d. to('-,y. It ire; oYviou;,Y ovr.m to thir: .. l.d;l'·Oj:', tJ1ot 
motor i ::-"l:l F~t i c ( ·1-~t-:~ or--c:n::~-g-;r) ··1oc.c~1.s ;·ro noc0 .c::EJ .~'r i l.,r in co j1'11e t ~' ui th 
ro nn~c~ +o our ~~l~nviorq ~n? our 1'c~~l}+j~i~~ .'cror0l·~~lv tl·l~ v:ll·~-

1..1 ··' ..!' l.J V • ·'-' '-' .J.._' ~- o._,J ' ~ - ".._ ... .r.. lJ • I} ~- J~ e • ·.-' -· .l.-\ • ,I 9 ·' '-·• '-• 

i ty of the; ;;Jtncl.-bodv qu:Jstio:1 5.:::: ~'C 1.::no·~lo::1god 9 tho nor'~: of tho .. '" .. 7 

nld.losoYJh'H''' o·( tho -J6st-Hon:-.io"l<nco ic: C:'-'cj_ll rol -r~:nt tod~~-Y, but 1ro 

rnuct '12.~": o'-.ro·.: th" historv o:r 'Jhilo;:-;o·!b'T ::m'~ conccmtr:::rb . on thG 
historn of tho YJhvr:;ic::'list mod5l8.. · 

.~nton Hcsmer · ( 1734-1818) iJ''-~ r' Vionoso -,hysici on 'Tho ltus ,~.blc: 
to offoct cures both unon psychoneurotic disturb~ncm 2nd Dhysiologic~l 
onos 'by ·:;hr; us:: of hy,Jnotir:m 9 1rhJ.ch i'L;smor cL.·.i;nocl •To.s (!_;:pGm}unt UYJon 
c::-c ·•hc-momonr•" of nnirno.l m::v;noticnn. Hi:::: •·ror1.{ ic-:; vo·,-y i;·lnor-Gc.>nt to tho 
(Juc,o-:-J·on Of COD"'C1·,.-.,,,""lln;,_.-;:_;_ ~nc" C.on+--·ol 1J-,C~,uc:•r:> 1'-!- ~+1. 1U''11'+,,r~ no·'- 0'11l'r ..... ~:Jv~- ~- __ ,_)_, •.J•.·~·.) .,.,....._,\_, t. t uJ. v t., ~.· 1 _ ... V !_,v .. L. · ..• vv.~ lJ J 

,)~-r'."''"iTC}10lO ()"1' C.' ·~J 1· ,., OUl. ·;~iT 'ou-t'- c-•..!..t 1· ·n1ul ~i>·rl t 11'l" •ro·~l'-~ o·? Jcr·~ur; ··1nc~ Jnn.r,· 
• (,. • { :_) ~.),) j • ~-.) ( '•-.. ~ .._., • • , -~· ~ ) ,.) J ,_, l 1 J '·~ ••"• •" J. ' ...1.. • \..• ·..... ~.J ., \,...1,. 1 ' 

into tb:~ UllCOl'lc!Ci'>!'rc:n;:;s."i i"S •roll. rrhc iS8UG 9 them ;'B llO'T y ,.r;',S UhGthor 
t h" C'l'.L~C' ~ -l'~h:-:-:: i'"t·· s:··l'~r "'UCCr> S r<"i"'l.' ·"l"k-· C0'.1l""l1 ,., ·h oc'l i·r.' ru' r" U"' t 0 1:0 1 •1·-- Ol't ,q 1. du·> • '-J ~' L... .- •--' . ,_,, - :' ·. . ~ )....) .... _, "· . - -1....!-\:Y ,.1 ·'' •.J ., - • ,_/ ... . ...__. ·-- •• ·--· .1. •J 

l')svcho~r:ino·:~ic~-lilco :~orco 7 thC'.t ic:: ol~;ctrorF.cn · tisi'1. or uhothor they 
~rGr:J cl.uG to Jt1:~1im ~n:.1 su,o:··ustions. Obviou.sly tl1·.:: ';JC~7chooon,J.tic 
controvorsio01 2.re r,;,isocL ?Iosner }Jj_r,1rl ·]_f ~:ct fi·cst usGcl mot;,~l bnr 

. ;'1'1,-,n·nr-..+o to '"'nor'UC"C~ 111' n c-.-,"'-I'=OCJl_"" 'o'·l+ ·1-"'+-·-,r r--,n·---.1·:- . ...,c~ .r.l'O"'·l tl1-..,1· I~ 'l""G '1 ( ,.,, 1...,; J ~ ") .1, ._ 1• I_... ·• l C) \_,.... I-;_; Sf \._., V C ~ V \C . \,_.; V _j_ V '---" l. J. 1..'. V t,. J._) 

o.nd c:-.~..ro.~: to cL~•1ond solely on lliEJ 0'7l1 ::in:i.--1::-'.l n::-.gno·cism. 11 ~Joe ·u.so of 
Hosmer's notorc~it>r s. scionti:~ic co·rir:"';ion ''TeeS r:~ot u--) in 1784 to 
invGGti.no/cc: tho ::,18.tter. ~~ho co,~F1ic;E'ion conclucl.od tho.t 1'1c:smer ~ t' 

"l'll.lTI"l m~ rrn~ +1' 2;ro "'11"1 n··-+u·····lly OOC''li~1· n~· "'1'"' <"11"''1,_1. C''"1 ( o·f t't1~'> 1ocl n "'tOll"' (...1,., • l f.., ·'lt. •; _.L ~ ... V '.) .. •.J. 1'.;: ·~- I vU . ',• .• • . l,.. . '(_<, <! r_'<'.• \,,.....) ,.) •. • . \..._:; 1-'----'1..1 ...___, 

VOT i 0 tv) •·r..., rn ;1 ot "'1. ,.,11' 1;: r '~11 ''110"~ '"n,· ~ ,··.~.·1cl ":T_·, q~-1·"- J""' ·~ll 1· 1·1t0 C"1 i ""ro~"Ut G . .· ,__..,. "-' ~. IV I '~ } -' :.•.l,_..... ~·· " , 1-.J]_. .. '-'~· ,..._., ·- ••• }.,) ') 0 

I _,_ 1' "'' -.:J· u~- i·'~ .. ..., ~-- n J . _,_, "·t ;; - . -- •·l r l· .j. '. • t-·· ;; . ' .c; ·t ,_, ,_, '"' o u ,r:ls 0·"·'-'.L Cl'!.l(; uJ.1( o. ... 111Jl,, 0 .,;c [,r1c1 j 1s J.lrs 
oboorvoc. iJ:r G;~l v::ni in 1700. IIo diocovorxl thc:;i.; :fro{' s lcn;s 9 uhon 
CO·l_J1-:'ct:;cl to t~_.ro rJiDSi:-.1iL,,r It10t2.1Gy t\'ritcil. c1 ~;:-; tho ntill clive. 
r,nto:r b.c cro~:.-c·'r: tho fior:;t n1:ot 1:.ntta:n·:i bv connocti:w~ in ;:-;,.;rios ::1. 
l;~ruo j'il.JI"'bor of· J:·ro.<J '·" l"CF." l'f'h"o-' n·;·c:• 1'n 17giL Tt ]'"' onlv l··'t''r ':.._-;,.... ._l.l.! · • i.--=:- ,J \,.,;'- . .-'·' 0 ~ •• l,.,"'i r -··1>.....1 l ·- 1. .. . ... ") --·,.~ '..~, \...1 

tllct Volt;J. crcf'.tPc cl•-:·ctrj_city -~':L~o' on inor:~·on-i_c b,~.t-i~ory, It i::c c.n 
oft ho~rd ohoorv~tion th~t m~ny of m~n's t2chnologic,~ inventions oro 
bu-1:: ·woir.;ction"' ot his 01m :Jtolo.n:F. 

lly 1827 Ohm h 2.c:_ sue c ,:; n s:?ul1'\T <or lt~l::-: t ~;cl the 1: :_;;s o::O f'ii 'T\-·)10 
G 1 .., -:- • • ' l • '" ' + ,.. ~-} -~ o" 1-~ •-rc·· ;_, ~ ,., ., ~- • J J • '" ,.., ,, -'- ..::1 ~ · f'l1 ~ . . • , ·~C,Y1C_, .. Cl.LCU1.,,.9 uL;.o.; ( ·:.:" ... ,J,._ ,_, ·1---· 1,_, 1L:.n.O IJOU. .. v. 111·~ ·:l<lJOl 
br:.;r·.ktJ1rOU()~h in '')}l'rr~j_c-s of tk; ninotcontJl c:·'::ltl.u·;r - ,~~c; th...; Cl.iccovc:;·y 
by m~rrf~~ in 1831 th~t on ,l~ctric~l current could bo origin~tod by 
rnovin{'; o. vir(; :_;]Fol~gb ;--,_ .-.lf'''·:rn::tic :fi_:;lcl. It 1;o.s th:; :drst rcZ".li:.::<:.'"~::on 
of tho unity of cloctr:i:·i·r-y 'nr:l ,-1~;.p.)wtir'1ro, It ~:rr_;.s c··: ·. :Ln thu next 
ir(;8.rtlE\t tho tGchnolorJ''7 h-f! .~·cbr<nc;c r:mf·:ici::::ntly 10r i'Iorso to 
d 0"~10118 tr<"~.to tc1c p;r t.,_.,-, hy ~ ~r1JCrc~ lJ''~ coctor:_ 8 j_p)E.1D "i.'C>. rc; C 2,rr i cd OVO I lone 
dir~tn.ncos bv ur.:c of c;-~1)1C·' (tr:.·n;-;;l1h:r:.:ion line) ::;,ctino lH:c 101::' 
frc au:,nc'r 1 u--·1·~::::0 Y'r."":·1<;-t.or ~, -s~.~·~"·1r:', 

O·'· ?rc-::'t t·:1 'ori~<.~nc;; -:~o -l~bo ·lror;ont ic:su0 iG tho r~:sul'Cs of <:'n 
oxucri~cnt carried out bv tho nn,rchoph~nicist Bc1mholt~ in 1350, 
Bc:f oro t}lio cl. o.tc thr; ninc1 -1Jod~r ;0::<1'')1,;7: ·ui>.El thou(' ht to :.ct tor~·othor 9 

i? irnul trn'Jously ;~lH~ ·Lnstc·xlt:::.n:::ou 1 -, .'t or n c::"r the 'Jl)O(;cl. of 1 ic;ht. 
n'' ich u•C'..c: then 'monn ·co bo ''"bout 300 9 000 1cn1/ s,:_;c. l1hc functions of 
tho nor\"ps •rorc: r.:nrwnn.b17 undor:'3tooc3 c-,t this tiq. ~ both 211," . .-comic::i.ll 'T 
,J.nd :1c:-rchologl<:·'.lly 9 hut it TTC'.s 2.lmoc·:~ u:ni.'r•J, o::'.11y ;'.EhW'1od that the 
norvop,, 1ilcr; ''~orr:..:o'c:: c::,_bJ.o::, trz1nsn.1j.·tt;cJ. th'iT ,-"_;:-,-:-c:. o:t th.:: .c-;-)c.:cl of 
1 ir;h·:-. ,.~o 1 1 is .sur·•rj_ c;o 9 ;nr' ;,w.ny othorc: .~.;:: •roll ~ Hnl m110l t.7· found 
tl; d; tho ST)O <" of nervous 'ITO')n:s~;.tion ':"['.8 50 m/fKc 9 not on1·:r r•1nny 
m2Fmitudo~1 clo"cr tb.an lir 11t 9 'but ov!.m slo'T:l~ ti';'.n th:; ~,-,cc;c;_ of cound 
in nir. Yo•' horo •!O.D 2 n;J~' icJ.:m:' 9 for l'lJ.2l1 :r"l.E; ro :- on1 v 11ind ,~nd borly 9 

be vro::: ,"'l:;o not inntnnt:'.n~:otw in oi:~hc· b-ir'~ DGICJ•)-:;ionr' or l1ic: 
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raQcti0n~, t~~t is; hi~ con·trol. Drr·in's 8Vol~tion~r- thoory of 
1851 YJ~~[iYJitntcd ~~~ition~1 con~rovorsy concornin~ th~ rise of: 
li.L1 ""C1l r·n1' c-·1-1' C ( .,., ~~,- -,·r ]. ~ l 1 .. ~-;-1· C) .,., 11 1. 10 c·o. ' 111. r."' o·f-' "')11'1'7'"1. C c• 1J 1. 0 1 0 r;v ~nc"t .. ~,..,. .... c"". t,....v .l'J.r.J·~- .(~~- .• ·'..J..J. 'J.,_... .· .. J ___,t...J ..~. • .. '!) ... :...>9 • _.t.. ·· ~... .. ,. 

hi~::tory. Tb.:; sc)1h'lil :Jot~rocn .:·ci •:1co nc1 theology L in YJ,-·.rt rc·-
G''lonsi 010 fo J~ th.3 fOUllC1ill('; Of -l~:·w ·: :.r :· l'JjTCilOlO@,iC C.:l ':llC.

1 1")8~7Cb ·j_c;;J 
rc.sor·.rch Dociotic;r~ ln.to r.inc:toonth contur'r. 

-p,.... <···'- . ·- •, ] occ .:l . , .. , - ., "" "-1 ,-~,r:., ·-- 11 ,~, '"><"' " ~-r~v·" of' -'·~rn""c,l~1 1.n .uoo uc: .cr1~) ... c t.JlO l1Cl.- l'IJ.,J'C .. '·"·· ,,._, ... .... . . 
n .. :: ... ·7 .~ ·:; 1' "''"··' "1'• c -l~r 1· c 1· -~--7 -,, ~" :-• 1' "l"" · ·lo11 o.. ·t-11"" ~:- i ., -, 1n Bv 1871 b ·:J ;,·ho •:rod ..... v \' -' (J ! t. • . .) . .;J J.-:_. - -· --- l:.· Jl. ..... . -- ... .J. () -· ) ~ " 

t' ::>t tJ1o i~·Fnl.1~:~; fnrc.,'.c f:co;1. th,: nop:;~tiv:; in~::iC::.o o:.: tho :fiber to 
·1onitiv-:; outsiec. In. ··.Cditio:•J. it ~.r,~~ U'J<l.orc::·toocl :·t t;,-i_;:- ti·_•3 tl-:_::>.t 
n~rvas raouiro~ ~ rcf::ctor- ncriod bc·~oro bci~c c~lo to fire ~~~in. 
:Tcmro1Jhytd.olo y ·~-" tl':i ;~ ·:::i--·':; >::-/ i·~cn:~i·':i·.::JO r:n~~ci:Uc scn<.::o:cy :'n:d 
.. 1.otor ncurr'l 1oc:::-d;j_oE· in tJv: brz-in nr, c::m'rC!.l j1c;·vou ·:·sto11. 

M~x~~l1'~ oru~tions ~~no~rcJ in 1864 lc2din~ to tho cro:tion 
o-"1. .. r:·t"1io p··~T" -Pr;~· .... ,,.-.~cv ...,1 . .-,c-:·r~)"·1·--·'11"+·ic r:·•r:l·~~-1-l'or··, 1·n lu0 8o0 ·:r 11895 ~ • ·--- ._ < ,y ··' -··· ,,l_ -~--"· ~.) ...__.. ~._.... u •... --• . ~ .... Y.-- , .. ~V ..• - • " J 

1·hrconi 1:r2:-1 Z'blo to :)ro:.J~c~ct ;:.nri r::c·:i·"lc; over o. (ict;::;nco o·f ::ovorr:.l 
:;::i 1 o::,1 :::t c rf:~, ~:"~ 0 ~me::; :_;c1o(l in t r ,, .. HJ'aj_ t·c in .. r. z:·.cro c;c tho '\tLmt i c Oco 211 
j·1 1()05 Of 1··.-.l·•ori-;-·nco t·' -'-'1' hio·;l1'r,--,:;~;~.l +l1·~o·~~r o-'= ..... ,,1.., 1·· .. t 11r':. 
--·· t1 .M .Jv ,) U;· . .,.,J_ .--..., . .t ..• V .J.,.J -·-"-••.r.J ..... .._, 

~·.-llJ'J::rncc iD. 1900 o:.::· P1:~nc 1c's l;\'.r~ '-"hic1J ~Lccur~.t;;J.·? doscriborJ 
the cncrvv :noctr2 of :-:l:;ctro'<2..~notic onorc:ic:::: c~··'itt~;rl from 
"'Yl Ob ]' C'Q-{- o·P ;' u1' vc•n t•Y.'l'')0'~"'+'Urr· -,,Or ;·1 ~·n tl1 ~ + t~>'il''"'r -,·:·u·J~'" 1' ~ ·31QOTr C.'·- .t .I .J- . • (-_::1 . I • \_.< • •. , ' .<. ' .J, U .< !:) .. • • ,J. ··- <. • U I,_:; .J \...,. (...,, • 1 • V U · .t.\. 0 

':<Jir 'Tl'lJ 1. ·"'"'1 Cr·c'ol~(';·." (n111l'nr:-·. ]_O~)"Ll) r'tt·,;·~-,')tC'' to ,.,~-~-..]_~·1·11 tll:e 
• , - ·- ~t. ..1 ) ~.._.. _, J.t -'-"' $- J -~· l.L. ~-" '.l _ f • .J V.L~- ;_ <-~· -•--

1')z-'T:"'!10r"lc~l ,.,hc;j10l'1crt:>. .as'ih:i.crh frooucmcv vibr.~tions of tho otho'r 
r::;noro.tcd bv th;; ilOl::cuLr :.,_'ctio~.1 o-f th~ b~:-,in." (l.;JCj7) /\.t tbout 
thin ,c; ;·,1o ti•·.v:;, ,:-;x:l.:.:rimont·:;.tion b::sod n•oiJ. '.To-:Jor'D (1834) '?'ld 
'F'ochncr 1 n (1851) lr•rc: of s i~i :.mlur:; intcmDi ty ·.nd tho tJ1roGbo1c1 
of 38noitivity (S - k lo~ R) confirm thJ o~ist nee of c~b- i 

1 i I11l. "1 ~, J ( l"' r'·1o" r_t:~ T ~, •: 1~ o1r! \ ,.., ;''•"l: '1. t 1. ~,1· -,·-~. T n!j\T'· ·r r ::: nl1 0 c 0 i "1 nr'i +h"' ;, TO ral --- l LJ~- J "'- , .. .-. •. '-•1-' . "'" j __...l .. ) \i .J, o l ... J ~-'·· !~) 9 1'. • .l .• ·" ·- VJ. l.J :·· , 

't'"'],..,-'l .... ~- 11~~ 1 1"n .. ., .. r·t l.,cc.;U"'" :-.,.., :" ... ·cl .·11 1·-~-~-.., r•r··l- 1·,, 1 -rrl'rnlr•c'c'- 1 

-' ~V ,1._, 9 , ~ 1...1 ··• 0~.J --V _,j ,• •• · ·.J... J. .. l.JI.J ~./!.) .' -·· '. V--VI-1):) 1 

t ": lo.rrr ~.,....hv 1 ·1 .-·:o 'I(>"; -'-l.ll ;·, -'- ""··1 
-'-, i·1o '!"'U1

"' l i 'ill 11'' J C (J'1"" C 1' .-. .. , '"1"' r·' r.o 11 .,.,r '"l';r:! '-- -_: <-I.._:J :.) -~- ' Lr" ·-•V\.., • .1 •. -' --· IJ...! _____ ·--- '·'··- J J. h.) ... ) '• .J ---~.), • .) 0 -- '-' A.ll,...l 

( l 0 no ) ,.· T""\ ("' 1. '1t r-... -r,.-\ r~ -'- -:)d 1. il 11o. T t~~ ,-; 'U"1 c O''l<'' c 1. () u ~i"'i ;"':I r":l ,-; • .-:.·U"lc-1·1· ()n C'l ~~ 1. n: .. U,I i"···u 1 J,J.,,." .,_._ .. •· ,.,,. l.J l<.•' •"-'·""'·>"' .L. J. ,, .... v-. ; 

rcl::'tion to 0.rc ··'l1C:, ··::r_-G}lou:b h:::: nov::;r : .C 17.'0"1r_;r1 r· o.:'~ -:~he ph.::nom;-,:n;;. 
of 'J'~--:cor,r1itio:1? in lC'25 ~"'r.::F,'~ 0.cc.:-:·1t,Jd th·; ~;:·i·~t~~n.c:: J' the :r.s'o
c·'l1,-·r1 OCC1 1lt ''('i.YtC.-.-. ;; 111 hn :--C:'"itioP.'] nT.--.-;·1 or;c f":tv' i,•r: of 
J1J.~.f7 ~ (1916 -)· ,. 1 rl ... ot;.; '~r ,· • ;'·'- ~~ 1-\; "'. t- i Y}:' 1· ;~'X-i c :-~- ~: 't-11 -ct t,1 "· c'J,~~ ::-. 1· ,... t ~~..., 

,, ~-- L '··· '· ........ •·' • L V-- _.__, ·- .. ~-- .• .L.. u, _ _, 1. 1. J.......... . •• _ ·.• ; ... ,,.,. 

,·::.o ot :fl--c cn:t:; n t :~t --.. -c c o ·r- co::1 ~.:~ c i o I· 'lJ1 :) ~~-~~ in. -~ -rl·!. i cJ.1 ~;s3rc~.} i c --_,l -~)b ::110 ~n-:~~12. 

occur, accounting for t1vo thirds of all spontaneous psi. . 
Intoro:::tiJ:'Fl~· cnou-t-11 9 tb :+; .... 1 tl!Oll_r.;h in·cor .. ;·:t :Lri tho J)'J',7 Cl!ic;::'.1 9 

1")h'7•';lom:-·1".- 1.11 ·lJ J'tr .. > T'".~l·O '1,•: .":()" 1~· ·.-r-·C"·CJ·,c, t:l "t lil'c-:,-.·O""'l·c,.l1''i o·f ___ ._,...- L. ------ 9 -· - - • ... J.. --. --- - .1. ; 9 ·-- __, ""'-" •. v~-. -~- . ·'--" .L <---- J, -

th:; intr;To'·t i11 ~~<'.1---tic -1fJ"~'C''olo· i·;r1 ~;-:,;- ccnturL;'J? tho 1914--1918 
,.r.:··.r ~'.l'"',"'.rcn-1-l" ,...-:-,1·,.,1,.11 +·c' fo- 1' : : .. -'1"1 .. ,-r:· t1·--~·-. ,.,101~··· 1·nt-·r~.-,."'+ 1··1 +'1ci . - •• ' '.. 'J v-. ) ~ l..- -- - ··' ' ') - . •• ..... ' ..... • • ....... ...L ... .'.! ~... .... ,9 .. - ... .... ... ,_. , . .) v 1.. u l 

1c>ttor t)!o..n th:J for nor. . 
1ot'r,:;on 1911 ~1d 1926 v:;,rious rz-:.c~.io cnr' inocrs ho.f' fouD:.". th':<.t 

the 'JrO'l :-o~n- ;.t io:1 of r :~.r1 i. o 'T~v;; s n:c c; rl•:.:~·;Jcnc, :;rd::: u·)on 1:lc1.ny v.·.ri .:'b1 :::'G 9 
1 J 1 J 1 t . -- 1-1 71 t1 - r· -. - c~ ., _r:· ~~-1 -... 1,. -.. ~· SUCD C'.8.8Ul1.G~)0G c·rc .. ·:::,..,, c;1: .. : -11':10 o:': ·L,lL) Ct''}'? J1.' ~~ .•.. ,.J0l1 0. t...Ll~; ], .. ur 7 

otc. 'l>m of the '1oc;t i~nort<':1 · v:'.ri_; blos in !Jro '.c1c:>.sting ru.·e t~:w 
frooucmC':r of the; :d.Pn ·1 ··nd t:,:; c:nn~_" it ion of the ionoc'Jhcr::: ;:o.t ' 
., 0'1; ''''11 ~t 1 •• ,.,., ·" 'r1' i-.'·, I"'',. -nr. c .J. -:-o l: -(, .-, -L -r·r:·, "''1.1'"'1'1 CiT. T',·· ·'0 r r, .+ -·L c '' .. 1 :,·,loc· •.. ~·1 s '-·" , \. ...... __ ,.a._.. , __ . _, . .J'J ~ ._, ........ v -L -~"-. 1...-~·-· , o __ J,"' .J u- {,... . -'--' k 

t'.nr~ C· ,."' i ric .-1 c ~ +; ~ 1 iO th coJ'l:r= i r:.-E:c'l tl:! .: t c; 1 J c t=cmY!:-. n ; tic rc~.c1i .•t ion 
int3n·:i tv .:-.t 2~ o:r:i ~r'n c1.ist.-::11co ( 1o·,tr·:tb) iu ;;. -''-L.n;.ct ion of tho '\TZ'oV10-
Lm.,..,th, ~.nO.. C:.o JG not ~1cccr~ c·.r:i_l-p· c:.I--~inich i;1.vo--scJ.T: ·Jro )ortior:.Z':1 to 
t}1 ,.,· '·'1'1' ·:r~ of -:, 1~- c·!1'"t·<11C•"• ·i·h·" O")JL_1.C"l J.;"l' ·Po-- 'r1' · 1'blc li•ht . . ·......- .' . A.. . \,, _ .il- , ·- _I J 1 

-... \..,• i J ~... -· 1 '·'-' •• ' •'· J. 1/ . .I - <.. ! 

•·r"v 10n.cr:·11 c- '1'11..., 11' 1"·1 .. , r 1· r: --1 --1· --. c:u··· -,,... o -:' .. , t t: ..., .. 1u .. , -:-1· 0'" ob + ···1· 1'1 :·'r; fr.om .. <" . '-" '1...""' ·'--)--• • --- .__... _..__ !_ • ..,. • • .' • ..- ,,, .L _;1..· ..• .• \_,). _, •V~ -· v •... -·· - . 

-'-"'"' ·ro .... -.'1'1·-'"" .,,,_.; J ''1"1"' 1··" 1''1 1 '''1·' 102" r=·:o ··~··+ ,,.,r"' ~·•Jr>rnc;;l'' l'i. V.'.L_,. .. !'1"'-- ~-._.. ~~--.' •.-·J·· ,__, J..L ,~_ ~-.! .. '.· _, v ~- J._!,u '-' c. cj '·"' -·· u 

fTol'l tbo :"'.ccc-~'lt~~·P m.Pl?-j_c.:-.1 -,r~,J.uco u··y' to•'~ .. y (1975) · 
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Parh-ns th~ ~ir2t ·~rue mc~our~0cnt of thG .:;lr;ctro~~rn0tic 3118 7 ~Y 
,-,~·;Frl'-l-tor1 - W ·.-,,··;1 i'T-"'"": ;)1 ''·''0 1

1"-·T c_-, .... '71'i<'-·'Y'l' 'T110 +-~tl' 11-0 1'·1 10J27 ~'.Il(' COn..:.. "" .... 'l lJ . . .· .. " .. ···- > '·''·. ,_). • ··' ,.J(-~ .. l .. ~ .1~- i::.ll . .l - i j .L - •• 

tj_n_uj_no to 10~-1 ;·,vc:C::'Jlir-;c~ tlL~ ;:;bcno;ym ·. ··:1r 1Fiw z. 1)ro:.c1b.·nt ~:n.:;r-
0tor o:f r::o -- 400 rThz (5.0 -~ 0~75 mr;torsL hn ,-;uc.;r/cd :Ln :ro~:oi:l-ting 
··ritl1 ::Orcqu.~nci•JrC"; in tbn 3 ··· 400 1'1h.7. (100 ··- 0.75 mote c) r:·ngc. (t.rhc.so 
~·;;.v;<Lon.<e;tho incl uclo 1 r;J~_r,, t}v-J o qui '71 c11t to ;:,vo T ':'f!,C lnl;n;-:c.n ho ie;h t. F. B. ) 

That oloctromc{r,;1c;t ic ·:m::;rc7 ··0~1 'lO nsiiJly tln cront of tc lo~0 ::thy 
,_T"'D r1;~clo '•o·w.l.~r by •~1.:.'n~.' •rri terc; 9 Llclnc~j_nr·· Upton ·:incL'cir ubo us::;d 
the title P·1ol1 .. t.z) .. Ft'·c'to. in b:i.s 1920 boo1:: r.;co'lmtinp }li" VAry PXtGhsive 
t ..... l "'"'~+hl' c Q""·"Orl' "·1''n+<• T' 1 0 "' -,,,,0 'r''"r ""';T +11" r' :nounc:···'1"'11t '--'·~\..... Jt' .• ~J _ )..- .. ·"-~- v·~)o J..\ .l'-'~: .... , ,_)1..-'C~ ;.JI ... J, v ...... , '.•.- .. -~- __,~_~._,._ 

by ,or .. o_:or 1 tr~~~t bc;,o:i1,rdn.n. five yo~:.rc: ;J::;:Foro 1 h;:; lv·.C!. cmcoodod in ··j13C'!JUr
in-?7 tlw olcctri.c::cl ;l.cti'~',~j_-l;,r of tllo 1Jr"'.in, :.nd h· c1 ~::ound th::-;t fr e o,uGn.ci 
of 4 -- 20 E:?: · cl•:.rC'cto;:'ictic :J.orr-1:.'.1 1J httvior 1 :'n,:: tho.t cortoin of 
tho frcq_ucm.cic~; cor:cc;f\'iO:ilC1oc1 to c:n'ti'.i:l mcnt:'1 :Tl;z.~t :s. In 19~-1 9 Dr. 
:"'lor&.or :mnon,:'coc1 hir:• c\1J1Jrov:~1 th2.t br:-~.il!. '!2-VDr:: '.ro·co tolcn:-.-'"t1J.y 2-:z·ter 
roT~.inin.o hosi t:--nt for so•:1::; · .·o::,r·_;, 

~~lcctron1C1!?)1ctj_c onor-'2;'T 1-.rc:.r; <~ •. lr!o ·>oinl::; stti0.L;c1 vrith r().~:noc·!; to 
norvos ?nd D.~;urons ~-.t thicv tirnn 0 ~icc:si·-,ni~(' 'Iith ?hil1i~)oon in 1920 
o.nd crmth:u .. liDz?; till 1938 9 vz:.riou~' n~·:uto·-:!:~yc:iolosd:""ts b .. ~.d :·,'\:::·r:urcd tbc 
c:".:pnci.t·"nco, · r.;~_-:-:ifcd:::--.nco (ir.ncd .. '.llco) anl :>"ther ·:·· ... · curront ·n.:T-\-
·ootcr,s qn(,· founcl thz1t tho C<l.t);'citrmco ·".nll rc:sir:;-:~::·.ncG 't·roro osscmti<:11y 
con.-:-:t.~nt in their v::·lucrJ 9 ~md onJ_-rr tb~: vol-c2..Cl'O V".ricc: in tbc n0uronn. 
'':i;·cl" 11\ .. ,,,ro·J" '·r:·""' co·, .. ~·1· c~ '·I~,,r'l ~~o 10''111· .. -v,.., ·~,"' " r"~:J. ,.,-t-·"llc~- ( '11..::~ 1 :·t,-,.r~ "TI .J .t _... ..L ~.- \,.1 "" .-.L l- .. -~ .._,. V '..• ( .._... r ·~.J ,_ .. , • -....... \) ,. I~) J l.\• <..~ 'J'·. t!. . . , \_;; 1. 

Lr!ocl.:-ncc) in ;v.r;:lL;J ~-rj_th :'. c"·,y:c;it:'.ncc:. 
Dofinni:np: in th:.:; oc-.rl:,r 1;h:i.rtio;: V:1silovo~1 bog.\n to 1.Jor:Cor~-,1 ·.1~-my 

..s: ort :""ncl. lon;<?: c~ i.':tzmco tc~lo-;stby :·.:;.1d :::mggc::fJ·bon :_;y:1Jcri;<1_.~:nts. r1out 
noticG<:\~Jlo i'T'.) tho ro::ml ts of en oxtr·:::-•"10l•r lone; ,._., ist;::neo to:t 9 l 700 
1<1'] __ 0''1_(' __ -1-.,..,-r.c:o 1'-_,1 '-"1 1'c1--, ~ ·ul-.l· .. .,c+ ····<·• lOH..,-~ ... c'S J·n-1-'o-- ., 1:·-·r~ lJottl£' •r..,t _.._ • U......., , ., _ . - J.. 1 , • ,J.:.. •· J • .1 <. ··~· i IV ..l ·, .! • U ·· , ·.-1' ·~- • 9 ) 1 J 

tho porci'•icnt TJi"s c::1)o::11o of diccornine: t;h,; st,:t:J of the subj::;ct, 
\'vho ''T~."' l.ll1C011'"~~1·01J'"' .. "-.fc'r-:il···qr;>"T ·;t t 1·1:'' ~~-j-·i1° lC'':')7 TT'"'·0 o·i-' -1-}"C· 01)l.nl'Oll • · \ C k) • - ,.. \ • .. \~ 1 0 ' ,_ -- _ __, '\, •- .• ~ _. V r- . -,_, :/ I ../ 9 . , , .. .1. U .. L -" . • 

tho .. t ol :;ctro<:l.-.c,not i c r:"'~.r 1 :L cd:; ion vos '"" hir·hl "r i .,Drob· blo ::ourcc of 
orJ1J Dhono'-·1:;n) o U:; cUrl bo;.rr:vor :1otc th<::.t the mote1l bottlc ua::J not 
cc'.D;".:J1c o:? r:l'i,:;ldine B••1 frc;ruoncoo-· of t1J:; conmic rr,·;r ri."'l'l.f;o 9 or of 
c.;h i nlcll' l-'1,()" tho frn 0 1 1 '~ l'i c i -, C:i lJ '"' 10 T '( 105 11 '7 lJ.-·· c -.·1 1 >',- 0 ·L'·' ::,}li· l' ·r .. V'" r·ir lo~·l r; ... -· ~- - ··t: ... ~ · · - ... · , ... · ... -- - ~.... ...... - 9 · .._, • ... ~ ·· -... • '" - v · _. "-' -' ~ ... c.) 
i·J'I"F~·l.-,.nrr+l.-. ('I ( r:·r··; -,-1- ··r +,, .. , _,,., O''lr' '--l'l ""1 +o·-) . (,,jl:._, 1__; f"'J vlJ~) • -~ • {.,II\...· vJ. c.-•.• ~ .!. •., ..•• __ IJI·. _ _. U .L fjl 

-~-l.l~:o vory ;"'.c·':iv~) i~l. tJ,ir~ "):Jrioc1 iJ:'G Dr. nhino -~nd hie ,·,;;oocj_ .tos. 
Rhine coL1.Jd tbo 'IJ:'>r.'\80 oxtr·· ... ,rynrcJory ~'oreol')tion ''ith a tont;-·tiv::: 
mo~ninc of 1 Dorc:::1Jtion ;rithout th~ function of rocoGni'72~ senses. 1 

>: .--, C 0"' t 1' '}ll ~. o' :;,,,c.< T) ; ""'· ;". , ·:)-, r ··l·L-1l·l~·r 1' , .. , (l '"')~"~'1 r~ c:.n+ Q j_"
0 ·~,.-, C Q ('J'n i '7 .-.,(l ''"'jl'"' r O''.T 

... 1..,.. J..i.. l - _.. -·-' 9 ..__. ·,:) .l LJ • .·, · '· , I. / •.1 .'-1.~ . ·~-'·~-· •.•• \.~ • U l ._, l)•· - /.•·._.. "" V \.J '~ . 

formo, non-r~di~~ivc but ~rojoctory. 0- nll 0uit2 non-soncory ~
ch;:Tc.ctcriw::ico. ;; ("f,dno, J. '·, 1964l l'J34) ~hi1w :.l,;o vo1cccl throo 
o b j .:;ct ion.s to t::1c; cL;c-Grome1,r~:not ic '!ocic!lr=-!. FirrJt, tiJ t olcctro-
q;:, netic r cJi:·,tiol1 lor:•or~ ;.ts 'JO~!·Jr, i:il.v:·;r~·cJ.;r •;ro·.)ortiorv.l to the 
80U'~.ro of the cU~:::·i:;;onc,_;. (ibid. '!'1 15[} -- 175). Second,. he E1Qnti0DR 

·tbc 1irobl.-.::1!1i::l of w~loctivi ty imnosocl by the 1)roblc:'1 oi ovcn7':·o(!y 
tr:.::.nstl:i.t+tin,:; co~l.tinU01.'r·:ly or :':Lml t 'nco '"-1't. Tbird 1 th-e obj~:ction 
is -'·,,\c.::n, ~ne. T_rcll ::a: do, th:~.t :.::lcc·l;ro;:.J:-L nctiom c;mnot C?X"ilZ'.in tile 
1lJ-'ono;·1;)nn of cL· irvov::-mcc, ;·l; :-:r:; o bviousl 1r tJw ir is no ithor c:.n 
l·.,)CC'.r;,,-, ·to qnnc1 OI~ 0,,.:-.-jl ·TJ1 ".r:rr'"l"l- -:-o :':~no l'tJ Po'T'''frr;r T)ll"l.ll" co'V'l-J".. V ''-'"'"""'" ·•·9 ...._. 1 V -- L.; · • -··•.!. lJ -' .,.J,J .. - Cl .1.l ,:\.• VV 7 .Lt .• L ,.• .L.J. 

nlUC'~.-.,N c~~ 21C 222) th~L ~n·:) l'n ~ 1)l'OlO~l'Cr;J ~}l-~O"r;l}". -1~iT 10<"' I...,.. ,: ...... t.")!l 1 /'J - v--. . I.~ .. L.. '-.:.'~)~- :.) t...:... I.- -- :_-~) . !... .••• l .... -. ... ') .• 'l'....-_,,_(.' .. 9 •.1 r .... ,l ....... 

inhorit2c~ 9 on'' 1 lnvol'.'Cf'J th~; norvo1w ~T'rc;-t:;,c;m (1Ui:bc ::.C:i nm.ch Z18 cJoo::-: 
.-ny otllcr co.cni_t;ivo ')r0C().''1,r' ~. 0 n Tn l)[';"'Sin' 9 rLJ.:j_nJ lurpy; tclc-
YJ~tb':r cJ ,~l·r\~o-:r·c·nc:' ~nc~ -nr···co·Tnl·-:-1·0'1 l··..,+o OJ:'·co c"·--l-.··.· o·r,·r 1.-..ut tnl., J- __ 1 9 -'··~~ ~ .. -- - ... ~ ~ t. -· ·1 v ~-J .. u_ ·--- J..~v ....... ,......_ .. u,~. -.) 9 U ......... -

1'il10'c:is ::nd 'Y'yc1"ic ])C'1.lin:::, into f1r;-,v.r::o.to cLJ.-Jf<)fL 
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Tur:rle,in 9 in 1937 h.:--/] :f•mnrJ_ tb. t h1~~·1Cn sub j::: cts :i\::1t dro•.r:-;:y ··hen 
e 'c"IO ,r.• :"'(~ ~- 0 1 0' r l' ~'1 + ''Yl,... 1' -~-,r cr1 'T ~-:r,.-, C> 1 -~ J_ ,..., i- 1. n J 0 4 2 :) '") -~7"' n r 1- '";'Ont ;-,c'J •• L. ,) -~·-· -', . • - V _,... . i •1,~1 J '•.'--'!:) • ._.tJ......-~. 9 -j 9 .._,\.) .._.. ..• '_}·-. .l J \..;-

ll"'Ol1. the; o:ffcct of ocrG-~l1fl ~ncl ~:>o:l:l-::;c+o· s t~i"lon ::-•. su:Jjoct e::C")Of·Wd to 
b.~T1')l1otic rme ''~sti0:nf; concern i.:.1_c:~ S'I88.t ing. Turly.: in found tho th-J 
2gcnt ~~s omit~in~ olcctrom~rrnJtir ener~i~~ of 1.8- ?.1 mD (1.67 
1.43 X 1011 Hz). . . 

·1_, :F:m ·ch,;ory of 'lSi •rs •1ro;J0r:~;r1 by Bi.bboro
6 

in 1951 lFYJoth::::::iz-
J·n.u tl1:-.... "-r>"r CC)"'"1·i c ,.-.~-----·-" -·ncl ,r:r_..,,-.,,1., r--·vr:o (101_·7 -1029 Hz~ "'.Pro ro--- '_. '·. u _.().. . '.j' !? ,_) • - ... , __ , '. 1 (.' . ,_) ,, ' ~--.L <.' '·) ,._1 .l. J) -..... - ~ 

''"10nsib1o for s<J--10 of tho Ylh:mo•·1:-cno .• Hud~nfor~ ~-" yoo.r l;:;.tor~ sug~·-·;;ut
od ;<?:rZ.:.7i ty fi:.:;l0 s -'·.nd neutrinos '."oro rcr--;l'Jo:r~c;i blo. 

I1im;nnn ~ in 1951? h~.c'. dc·coctc;d c~drc n::·1y lo~r fro quoncy ( 3 - 3kHz) 
eloctricc"1 fioldc; 01'Fnating fro 1 ;rh:~t 'To:~o conc:i(~or-~;d to be no:nr'l2.1 9 

th:"'t i'"1 9 ::t-,..,j_cz-'1 '::lcctric :~ish.' 
I:Touro·n},~rsiolo ir;t ". GJ cy '.Tc.1·:~or corcrncntod u !on tho m~Jjcc't of 

Jilm c.nd oc•; in 1Ci53. Ho c1i~:co1m.tc" the o;n modo1-~, .~nC' n:ccv:.c1od :four 
:0! 1"'"'Cl.f1'c o. bJ'oct1·0,1" ·1-~1·~r·t ii,rr, C'D r: ·1cul~t,, +'1·1"t t 1

:1. ,..,-. 7· FOUlCLJ ;L>J_.-~.~Ll ••·· ~/ .._, - -: ...... !.) <1o •.. -~- ,J ~ . \_, '-., _ ...- · .. t ~ v v { ..- .L v _. . _,__ 

bo1oH noiso level 'rith:Ln .-::-, fo•r millimctroo fro ' tho ;o;ur:E'::c;,; of tho he~".-' 
His second t~ru fourth objections occur in onc ~~r~grnYJh: 

r:~.'ho size of th ~::loctric::.:-.1 c~ioturb0J.1cos 1rhich th.J 
brc.in creates ;"1ro oxtronoly cn::->.11. In f:_:-.,ct 9 th .. .:y n.ro 
8.bout tho Diz; 9 ':rith5.:n tho br;-;,in it::-oolf 9 of:-, rocoivod 
sign,-c.l Hhich irJ just i:nto11igib1o on [:_:n. z.v::n ;_·"go r:c,,dio 
~~ot. ~!fore cruci.::::.1 cv,m tJJ.-t tl·,i,c-; 9 th:Jir d.o-1inr:nt 
froouoncL;n ~~.ro L 1.r l,o1o~·r th.• r::--.nn:r: of r.:::.dio ch:-·.nno1s 9 

b n1o•r ov.'"">n tl10 '<C~lo c•c···l o·c'' r:urll··l-;1r-, -f"·r'"'~U"11C-i·"·:-' :\t ""' .• '---' - 1-~ '-·'~ '··' • • (_._, v .. IJ \__,. -~~- '-' Cf V- ..J..V . .' rt _ .. 

ton C 'TC~j_'"''"! -n,-,r r•nCO""'d t'1'' ~~,,.-,- ~JJ"' -l'"''rC·Ql' ···11--C"IT Of. -,1,/'1"' .; •. 
1
.) ~~; 1 ~ . J ·._, 1 .. !...; J..~ ~ 9 J '·, c..,~· ,.,. < ··'b._.. "~ A..__, j L" : 1 '-v 

rh,_rthm.s, <'n~r cl:~ctroB::--.gnr:tic si'l121 trrtnsiittcd thru , 
S1');'CC rrou1c1 h:::--vo ;:1, 1 'C\VG1cngth o:C th i_ rty ni11 ion l'L;tros. •H 

'7:1tor 9 r.G.; Til; Livin." Br;:in, 1953 1 ~'1') 252-3. 
It should c.lso ': J "lPntion,;d 'th<~i· ·c;ic-,r-'noto'o.· th:; L'.c'c 0f tho "')hcnomon8.. 

""' "' ' 

to 1)0 s i r-n; ~r: i c .-~nt1 'T r,',t t onu.:'o ted c; j_ tho T ui th ro r-:1; .;c·· to ~-JYJi.C c; 0. i .'Jt 2.ncc 
rm0. tir·1·;- c1.i<JtC"ncc 1 so ho ·.t:p~n·cr~1;J;v ::-1.-t th~ tiTYlo · z:dhorcd to tho oh0-
YlBi Yl~ ~no8on8. modGl. 

?o1lrnring lli·~ ::;::.rli-Jr ~ror1c, l1ifJ·tELn, in 1958 lw.d succoodod in 
conditionin~ fish ~rith currants ~c low ~s hlicrovolt por motor( V m-1) 
-q,T 19 6· 0 h ""' _·,c" 11_.,..,0"1'1 +b" uo ;--'~ 0-: ;:,l_, 11o ell'" -:nr' H.-. 0 1. T T"~ r ;- -- nn T·T ,c:• ,·,n'>'G-' .JJ y ..... .-D./.~ v_·-! .~ v .v ,, ..~o \. . . ..J...) .,_ _ .:.. <...· .... L t.,b ,..._, . ''J (_, '-'~• . .JV ... J 

orgon, th:; o1cctrorcco"')tor, ·r~s idcnti;i:;d ond found to bo ~hylbgon~ 
c~11v n Bo~bor of tho ~cou~tico-1~t~-~1i 0 cvotrm Thn b~"ic nl~ctro-'" "' 'LJ '- "' •.. . . 1 . (. , , .) C • _. I (_. • k) \..._.) ~~ 0 -' ., 0 '-' (. ..,)....) '-/ i J 

rc)CC~Y)tor 'rn,::J r;imil.:::.r to ·:;).L:: cj_li."..-in-jo11y rnconc~.c:.::;;r nouronrJ of; tho 
::ud i torv :·v:·tom. 1-Tbi ch '.ror·J tl1.::m -tb.ou'-.qh t onl •r for ·1.; ch,~.noc :.1 2nt.~ 

~· " ' .J ..) 

to~~or2turo sensitivity. 
R ·~ cl1 "'"'7":' ln:r ( 1 C) r:; 5) ·(·~ 0 ""'"' not :• -:; - -'-n 1

L"11• n:· '''"' "; +' ~"') 1' r:: C tl~r o·· 1 thO SUb J• 8Ct · L-..,l--.,."1 •. '-·' . ,.J. '·:.) _ _.. _ '--' t._:) .. 1 I. .• V "-' . 10 W ~- ..... .. -· ../ . ·"·- i ~ 

notin,rr, Z"'lso tho ob'Tiou~::1;r non--•J:T;ruicc.'l os•; 1')hc:mcY;1c.:no. nouovor, he 
C0,.11!J.oi;:;1y "1:-<:Y:: out tho ncco~Jn~.r~r "l)hy:::;ic, ..... 1 co~-:>:' it ions n::cow~::-.r:,r for 
the O'Jorc:t:i.on, ob:-;c·rv<~.t5.0J:l :::n<" ;:Jstin:~; of om iX:Ji "IlOG.c:ls. Ho r:::".j';J9 
11 ·:xl)ori'llont~: iJ'.r -~c1mn.nd Jr.cob::Jon (1030) i 1:lc1ic:1Jc:; thoj~ thin'.:ine; rosul ts 
in m·.:;~su:.:."'l)l:: ~-ction curron-' CJ i.n tho oxl~o:rn:---1 JD.u:;c1os of the:: bor1y. 
-:;uch 2ction currcm·:·:s 9 sm:l.11 :·.~: thc':r r.rc, of nocr.r;ci :~y cro;:>:co 
ol·ctron;c:('~na·:~ic fiol0.~J. Unli1;:::.;17 "~,,, it ir: 9 it ir; not imnos ibl.•J 
thc.t r;o;_l1C b i.0·~·1.l:':' CJCll:~ i -~- t 1l() llGr-res. t·10.~T roo~_JOll(l -:-:o tht?88 fi ~--'lr~.r; o :ii 

In 10r;2 just r::uch ~-:.:n :;loct:cgscnsit~Yc2 r.::,S')On::-J.-] ""-8 obcorvc;0. by 
Frc'r. Usil1c'' froc1 n·:~:!1r.i::s oE ~-·10 - 3--10- Hz (~- .Om-O.lm) humsn 
;:mbj~:ctc r2")ortcc1 :-\ 1Ju'7.zinn· or c1icl:ine: ;_:;;noz,tion, only if tho 
t ::-- ·nor"l 1o ~Y:s o~ th:-; br~~in IT.::::rc inc1 uc~ :::c:_ in the j_llU'Ilin:'.tcd :::.ref' .• 
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Frey hynothesi ~.ed that the cochlea itJGl.S involved in the phenomena but 
he adds that there is J/robably more than one electrosensitive site. 

PuhRrich ~ in ]ley_q_l1.d. ... T.el_eiJ.a::cJl;y:, 196 2 correlates nsi rece•Jt iVA 
nb.enomena ·vi th cl1olinergi a and other -phy~3iolo:c!·ical nrocesses o IJ:e 
hy"lothesi 7,ed tha.t gravity and "nsi 1Jlasm8 .. " v•rere partly reslJonsible for 
some of the telepathic nhenomenao Because of the Faradcw cage eX};eri
ments he •1erformed he s:icates 9 u:.fuile the ex';eriments are highly sugge.s·' 
ive that electromagnetic radiation is not the means of tr8nsmis~Jion in 
telem~thy ~ they are not mer:ms conclusive." He notes that i;Jhile- in the 
ca:<=r,e, one subject shot·red a c;ronounced gas:ning effect ~rhen 640 Hz ac 
\·ms a"'~'llied to the cage. 1Ji th res•Ject to the nerve :nlasma membrane 9 

he Cf-1lculE<-tes that the neuron could be considered a circuit of mega
ohm resi.stconce, micro-farad ca:p2.citance Bnd 0. 2 henry inductance, the 
l2.tter fact first rec;ortc)d in 1941 by Cole and Baker. 

The next year, 1963 y micro--oersted, 1. 0 Hz mae;netic fields vvere 
detected em2.11ating from the human he~rt by Baule and McPhee. 

"Iooldrid&;e ( 1CJ63) commented uuon the tele'!_Jathy--emr issue noting 
the the difficulty involved 1.vas in deciphering brain vmves since they 
reYJresented the aver8.ge elec·i;rical strength of billions of neurons~ 
there v;as no 1JOSsibility of unraveling the s:;ecific thought processes. 

It is in 1964 that Manchnrski states that tclenathi,c Cl)mmunicatio:t 
occurred at freaucmcies from i.nfTa~lovv to suT,Jer-high (lo-·3 to 1012 Hz. 
Although I have not soen his thesis 7 the hy~)othesis ;-:mt forvmrd in thi[ 
monograDh perhaps best corresYJonds to P1Emcharski 's hypothesis. 

I. M. Ko~~:"my in 1966 ~ hy·nothesized that lone: v.rave electromagnetic 
radiation of 26 km to 960 km 1.vavelength (11 ~000 to 310 Hz) could ac
count for the phenomena bec8.use at this wavelength the field strene;th 
doe:::J not obey the "optical" rule. Based n:pon calculations, which re
grettably I have not seen 9 Kog2..n indicates .. that the human orc~anism 
genergtes four +:o five times the nec,:sso,ry signal strenr'th to accom
plish very lone: d.istc:mce tole1Jathy. 

Two T)rominent parapsychologists, Burt :=-:nd Dobbs common·: ed on emr 
and physical theories of psi in 1967. Burt announced his 01JY)Osition 
to the emr theories based U1Jon the objections that 1) the inverse 
souD.re lm·r diminished the si,onal strenrJ,th ralJidlv 9 m1Cl. besides the HQV 

lengths R.ssoc iated '~'.ri th the brain Haves ( 3-30 Hz) vvere very (too) long 
In addition, 2) he calcule.tes that because tho observed change in the 
evoked T)Otentials •.ms 5-50 microvolts 9 the corre.s:;ondinf pov.rer vras 
10-20 watts. To broadcc<.st the obE:lerved distances 9 Burt indicated that 
a minimum pov.rer of 10 \·ratts I·WU1d be necessary. Finally he noted that 
some nwdulrttion or coding of the si('nnl \·ms a.lso a necerJsary 1Jrerequi
si te. Dobbs ho•·rever rejects the V8.lj_di -;~y of the inverse ,square ( o~ntic 
ruJe, ba,sed upon the ionos-pheric e·,· fects at ELF frequencies long observ 
by radiomen. Hcnvover, Dobb,s ques :;ions the emr theories because the c;,, 
culated :field sic:nal stren(:;th ·at the humon sczd.p 1-ras on the order of 
1o-l8 vvatt,s. Kamiya (1968) rejects the emr theories of telep~' .. thy of 
es:::wntinlly t11e same arguments 8B Burt. 

In his ;EJ.~.9-~ .. :t:'_o.rn.agnetic ;r<'iel·~.s _2}1_d: _;L._i.fe (1968) 1 Presman reviews 
the comnlete history of the studies of sensitivity and emissivity 
of electrom<1gnetic rRdiat ion by 1 i ving orue11L::;ms. He acknovlodge,s 
bio-information transfer by emr fields 9 but is care uot to deny the 
phenomena 1/rhile criticizing ;1 the l)araptJycl1ol ocist,s And th(~ir methods 0 
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It is in 190;; thd -::he :~loctrom8,f'"no<~ic fields e;c:mer?ted by ELF 
br:::dn '.raves 8.re first observed by Cohen. Usin,c; a cryomagnetometer 
5 em from the s~ul1 cou~led with contact EEG electrodes, Cohen found 
thut; the brE~.in emitted Elf d:~ fielCl_s of 2. 5 • 10-8 g2uss, and later 1vorJ' 
shm,reCl th;:;,t the sk:Jletal muscles emi ttecl 1 - 100 Hz de fields of 
lo-7 gauGs. : 

~Arly in 1975 Persinger hy-pothesized that the 7.8 Hz frequenc:y 
associated vith the first earth-ionos~here ·Faveguide resonance. i.s the 
-primary carrier of telepathy. In Rddition he hy~othenizes that 
m8.gnetic fields should inhibit the :Jhenomena, as ·uell as notin,g some 
slight vJest-e::tRt -pro 1"l8£0.tion differences. In oll.dition, Persin{··er 
has done some of the most C01'Flrehensive e::X:Tlerimentation o.nd reseRrch 
-v;rith rer:-J~"lect to the b:b-1hysicnl effects of :EI,F and VLl'' electroma~netic 
radiP.tion. He re'0orts tho EI,J]' brain •,mve field at l ~ 10 mV· m-. 

In mid 1975, Blnu calculatec1 the emitted. brain ~~rave frequency 
fad strength as exceeding the microvolt :per meter level. 

Puthoff and Targ, in uor\: comr:)leted in November 1975 and ,t;ublishe 
in Mrcrch 1076 discuss the E1F--telel')athy h:sn;otheses and rejoct • them 
under the consic er:1t ions then thn:c 'Jhile the attenuation of th:e field 
strengths over very long distances ':Tere very lov·T 9 ELF could nO't ac
count for the urocognition exneriences rocorded in their remo~e viewin 
experimentc. Thoir~second objection to ~LF/VLF con~erned the ;(reporte 
channel c;,:>nt'.city of the bnnd as 0.1 bits. sec-1 at meter ~,·r:;;-:~r; dista..YJ_ 

-Aj_ I t ces and 0. 001 bit • sec at 4, 000 km range. The above authors t=n~)aren· 1 
efl_here to rm only--one-psi uhenornen9, moclel. 

This very brief history of the isnue ~oncernins the hyuotheses 
and co~mter hy'H.)theses regard in{'; non-M'GCo{;ni ti ve 1 '0sychic' l')tlenomena 
is YJros0nted an intronuction to the question v'rhich is discussCid in 
more c1etc::dl in tJ• is monogrc:vJh. CJome b i storic <Otl Driori ties may hnve 
been misAed in this intruduc.diion but have been corrected in tlie text. 
Our mono,QT8.uh is the collection o:f the ~mr1c of mMy r8searchers over 
many years 9 th2 author ha.s merely synthesized it c1XlO thorefor~ defers 
to all those ment:ion:;d heroin any claim to originf',lity or pr:iJority. 

!\ technicnl abstrr.2.ct of tho hyqothesos aYJpears on -Ghe neJ~t t1vo 
-pages. 
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3. 8Ti)J'FJIC[IIVITY '.J\TD '{:'Y1P0?·~'3~ TO ·:,_CPTIJT.I 

T.l!·:: ~.p:~.rious Dhono'·!lonc. r:::ucb ···_s ~:::;1;-::"J:--:i~h:-r 9 cl :.il''.ro~r:•.nc<J rmcl •:Jro
cor,-nit ion .~.ro c:~.llod ')~;:tr::-:.-ncn0':o ry 'l)·:Jl~ccnt ions by "Dsychic rc rJ<:: :-:Tch::-rs 
""r 1'1n .. --: ·r 1' l'r 1' n ·.r,.., "-· t· -" -. ·11 ::'llrOT'"' "'1:1r1 T·To rl-11 ~ '-r "I~ 1' c ..... - Hh" r :~ ~ r:: the r> o.mo 1Jho--~ -~ '·- .· . \,,;;,_) v -· ~.:J ' :_J ~ ~.. ........ -. ....... , ),, .•.• '.1. -· .,..,, '-...' • 

no ~•" "'"1 ~ 1' 0' c :·11 .,/1 b 1' o--1· n·Po-.. m~ + i 0'1 ""r J. m'~ r 1· lv 1' n :"..., "''t ·ry,, ~- 0''"' -end tho !'.L' .. ~.I.·--· ~.) !, !__,,_, l..J_ (•'-·-~ ·; -~~--·· ,I •. .,.1•-lu J ... v .... . J ·" 

·:o":tiet Unton. In ;Jnrt ~ th:::; study of th:: Dhcm.on :mo. hc\D bo:.m influ.:mced 
by Hh2ot ·it l:J.;o.D bc.:::n c 2..llcd • 

. n -:.~hough J:ur~~on in 1870 u:J,:;s tho to:. r,Jinoloc;r · _·xtr;:-o.-soncuour: por-
co ,"+J'on': 1·~~"' '"re"'''"1t ;"'""~11'no- '"'c' l"0'''ul-·rlv ,,.1d,....--,··tood ir-' coin··o bv -' .J U ~ J. ~ v \ .. J _J ;.,,J ... ...-1 .•t•_.. C·v •. - . ..._ ... t:J C.~-·\~ ::J J '·' • .I LtLJ. \....,; .J. :.,, ~ •-' "-' - ...; 

~T?Bhtno to d cscri be •Jsychic 'lhcnomons.. c.:.::-J non-soncwry and 2..;J1rysic,-::.l. 
1~t thu ti-·1e 9 D.hine incluc~od the ·')oscibility of the ··JhcnoJ:y;n,::o> being 
sc:nced by "J1 D.r::: y~~d; un1rno\r:rt o~::msory 'Jorco~Jt ion; U110l1 other cons ic3or-
2.tions hJ r:-;joct::; ::'''-Y noi:z:th s6nso 11 h>r•')othorns. 

Clo~1.r ly bo::-~;vor 9 br.;foro ;:-o,ny DhononcmZl. m:':y be ch:-,l~.~.cto ri zed f'.s 
non-~fJ~·;nDory or c:z~~r:· .. ·"'(m.nor;r 9 r·n c:~r-.-·lin-·.tj.on of f-!Oll8ory 'Jorco·ltion 
"0er so r'mDt :;;hcnr thr-t r;c·1,.'0"'~r ·lcrc.::;·ycion ic ino.:::;r:.0u:.to. 'l1hio ic: very 
itnort;--nt :::·inco the quo~~~·.t5.on t1'C th·.; int;:'0(1 Uction of thic '~1ono,c;r")_1Jh 
fmg,?;c G tr-j tb.-::>.t c:onso r7 ;:,s 1'·rc ll c .. ,:::: .:;:dr :.1.·· ::::mr:wr7 ~') ;,;rc e1Jt ions ~~-v)t:; 2..r to 
bohf'VC s.lilc::: ill tho roe·ion of m:·.rp:iJ"f',l ocmr:i_·i~i_•ri t~r. It :::;h~ll b;.::; ;:;ho1-Tn 
in t: 1 iD c1v•ltor tl',:-·.t not onl'r ~::>.r.::; tboro ;--.ovo:r.,•1 roc'J'Itor·c; c:-:-:•J:::JJlo of 
ror;·'loncw to ol~;ctro~'1,. gno·bc onorgi;r; 9 the .::->.'l•Jlic;--tions of cl:o.,s':i_c.:',l 
Dsycho•)b.vc:icc: fcvcr:l ·:n,vern.l norr::12.l mod ''8 of nonso' 'l ')Orco1Jtion 1rhich 
f ""Cl'lj +~+--· tl1"' -"l"c+·l~0''1"'""11n·l--i c r,--,,....,,onso"' · C.-. , .. O_) r, ' V '-"' "-•' '-' .- V ' ,, r \_ ">¥ j -'w .._., J ) 1-.. ;.) • 

The rnln.tionr(r,i·! lx:tTrc~n the intonf::ity of :-:. c:t1mulur:: ·::nd tho 
sub j 0 c-:-; i vc in tone: i -:;,r of r2S'10ncc '~'iTr'P ini t i 'C'.lly :inY) st i:: cctoc~ b-,,· 'lo bor 
r.nd Foclmer in tho ninotoc:1th centur:·. In :''OnOl'2cl9 G/3~:3:C'J8Ctec19 tho 
:--.:<Jnr:;tj_on incre:.lfL'd c:.c: tho int~Jw·;i·i;ir of th-J sti··-mlu;; incrcD.";od. Tli·J 
cor::-,lL; .. ry of -:; 1Jic l:"1J cto.too thD.t tho juc-Jt-notic:;nbl:.:;-cUfforonc(:; in 
stimuli uc.c n. com:rl;o,nt numcricc.l 7olu·:; <'or o, e:iY':m irnut intensity. 

(3.1) dH ·--·R 

( 3. 2) 8 
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C c,rr;ful cone; idor:-·t ion of tho log~~.r i thnic r~:l ::--t innohi, b -::tvoon 
stimulus ;--ond ras,onso indicat~s th~t 1) th2rc i~ no Guch 'lhonomona 
f'.f) ;;, '7,oro--intcnGity stinulus 9 rmc~ 2)8::msation b,·;lm·; th:; li'vm (thros-
hold) ir-: thcorotic,~1l:;r 'Jo:r i1Jlo, :Juch ;:mb··con.sciouo 21.c 'mblinin:cl 
conr' itionin{'" 9 c.r .. v::-;11 ~s mc:"10r~r of .-:J'nntE; con::ciou:::;l~r un0..ttonO.~;d to 
1. •. _~ c,"'_ .. ~.:.,:-:.1· r: __ ,.,_.l ""·.".'_.vc 1 __ .,_n_ lor_._·.i.c ·-1 -r"c'+ __ ,.. 
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-.,,\T r"0-?l'nJ".Lll""'Yl +''" "·••1·~tl'"Trr• +f··~"'''··• 1 oQ]_!1 1'c-. t]·i:·t ·--;-f--i:·:1iJl'l.<: l:rJt\"l1c-:it'7 J _ _,,.L _ J •. '.J, __ • 9 Jl,, .L \j • v ,_. v .... J •••• ·; .~ ~ .,_ t... -~ t v ... . -- "~---- -- J. _.. -·· "J' 

rrJ_,j_crt CVOk'::G rc;r:: )OJ~,::o 50% or .l_OrC Of th.J ttED. 'ih1i1:•.rJ.·:r y tho 'b;_--,olutc 
threshold is th· t ;::ti~m1ur; i.ntonr;i tv •.r}Jich f:c-i1~; to ovokr rc:'l~)onoo in 
qqr~ of tho toist ·I; riYls. Ho~r::;vor? u-·.8 2JJoolutr.n f:.;s of these threholds 
c :e-n bo c:•.11c;Cl. into ~UC)FJt ion c.u:: to o. GG.U8'J i ~n c1 io tri :Jut ion of inc1i vid-· 
u~1'o ;-;on;::;iti~7 i·sien: V2ri~·us ntudien sho\•T thz·t in individu;--'18 tho 
thr:::cholcls ,,_..--•r V"TY fro·-:,1 28 1'1Uch -::;,_ 5 to 15 db fro.,n the co1l:;cti?e 
t l-1 ro "'110] d "-l'- -.11;) ., rd c.< In "'") ·-,c-, :: 1. n rY 1r-Tf\ "l"' 0 t ,') "G'" 1'l''' t tb" ")0" ,, 0 C' c•o r I r~ 0 f· '"!() 1'1e ·'· • , _ _,.IJ,I . • -·- , J 1,) ___ ) e .JL.s}~l r·; ~· ._, .J. -" J. f ~-· "--" •.. )~ ,__...l..Jl..J ·~ 1 . ..- ·• 

>')r;·~c~-) ic ;-b i1 i ti :s :--.rr; r:::Oi'letii~'\08- r:]forrod to ;-·,c:; ;;:;;cnoi ti ves •. 11 
: 

- In ?.dclition to tb~; int::;n'.iit~r of :-:'. otinmlus, the thrcohold of 
f:onnrtion i::::: ~J_;-:o :-. Junction of the c,ur2.tion or nov:·;1 ty of th~; ~:tim·
ul u,s. In ponr:r ~.1 9 incrc ·.cing the-; c1ur?.t ion of tho stimulus lotTerr: the 
thrr:sho1r1 for r:-;nsrd;j_on; b.ovcntc,- 9 thcrr:; in:::-.. ' 'oint 9 c.-11ed t~:i·heo 
bo,n;, bcyon(l •:-r1lich incrc:·'.:-"j_n,c:; th::) c'J.ur"tion loH,Jro tl!o throcho1d no 
-t""urthor Th0 con11·J J·n:·r" ·•f'·:'·ci·~_,.., o·.L"' r'! 1· f"f,--,- c··nt1· --1 r•··'n<• 1' t1· 111· t~y ~nd t11" _ • • . ._. j . I . .L .~ , \._, _ .• -.."" J . .) .• . • ~- v .· _, J • ..J \ ..- t -' , -.. • - '-' 

dur"..tion thr(':-;ho1d 1Jhcno··'l:Jl1::'. r:~.r.J1y contributo hOTiJ.::vor to m· 1w :'1orc 
thc-m 5-15 Cl.b· g:<in in r;;nc;iti, 7 ity of ~ny ci·\7 ;n individu:l. '.Cho it 
shoul(i bu ~.dd:::)d th<•t th:~.t f'i"·10Ul1t o:~ {';~·in iG f:UfficLmt to !Il·""~CO the 
0 if·--:;r :me: r:J.o ""'ningfu1. 

mV 

100: \ 

I \ 
50J \\ 

'f ,, 

! \, 
i 
i 
! 

OL ... -·--- .............. ,_ ... --- " ... '" 
0.01 0.1 1.0 

Tl,r:}r' (""nr-<"C) . t , __ , 1 ~! ;,') '- ~ 

..... --· ..... " .. ~ ~-_ .. _,._ 
10.0 

Fig 2.2 Ty~ic:~ strength
durr'tion curve. 

Ro1 ti•:rc ·J::::o to tho f1u.::Gtion of C;_'n::Jl"c;1vl·;y ifJ tho ol~·c·r'T'.'.tion 
th.:::-~t the "',ility to 1JCJJ:'C<;i"'.~o ~.given c-iP,·n,~-1 ,,rhich LJ i"1mc:T:Jc:d in noise 
incr;'"'.Dc:c :'s the ;::c1U['cr: root of the nuJ~l1)or of ob>Jorvlltionsof thc_t 
;:-:i~n~.l. /J.ltbo tbi(-'; doc::-: not incr.:;c::-r:;c the: thr-;r:;ho1d of ~:;r;n:::dtivity 
b::::ronc~ it::: r:;l:--.tiv·.:.:: or ··b::-::olut;; Y luJ 9 "';1'):'_ti.~1 fJUi'1m·-,tion 9 ~~c. tho 
1JheDOl'10n:- t'J c.~J.l::>" 9 inr:ic,t:;,'J th-~.t :provic}J(" ::. otinmlu:-J is cu~;r;:,

throAhold9 the ~oro froauontly.anhonomon~ h~s boon observed boforo 9 

the -:;?,si·-:::r it is to dot·:;ct Trh·-:;n h1~:)C:ddod. in noin<c"; or distortion. 

(3.3) 
1 

= 10 ~cg1c n 2 

= 
n 

G~·.in in d.ocibc:lc (db) s·0···ti-~1 summ,'"\tion 
Tot~l nurnbor of oboarv~tions 

:'lor o:::::.-·mle 9 conoidor t ,··t tlwre ~~ro 31 ''lillian :o::-;concl ; :?or yo;'T. 
'Tt:'t io. tl1::; theoretic 'l c; ·in for c:m:·ti::-.1 swlF·1"t:i.on for ::. t1ronty ye:::.r 
old. ?'dult for .-. 10 Hz oign~:1. 

( D 3 . 1 ) n = .~i ..• J . ." _ )_o? ... 'L? .. c, x 20 yo cr s 

::: 

j_ 

n" = 
20 years 

= 6.2 • 108 
:JCC 

20-~!->"rs 

= h • :2 ·lOg -~IS:,YQfO.:t::rZ!fL 
20 years 
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"')i·~1iL:rlv 9 ;rh2.t is tbc; r:"'):-:.ti~.l su.r'l·'t:i.ort g.~j_n :L'oY th: s-.:110 .:v::_ult 
for a 108 rr~ oirn~l? 
(TJ 3.2) n = 

j_ 
n: = 

GF; :.~ = 

6. 2. 

6. ?• 
? 0 5. 

84 db 

108 
:.100 x: 10° 

1016 ivn.vcfo- ns 
108 · 

... -~- '\10-"'1· 0 I~., r•/ c·• ·" C • -- k) \...) ...... = 

. :g. 3. 3 t~·wrofor::, L: ono of th·:; o quo.t ione1 iThich roL·,tc:! l}C::r

cc.'9tion to lc:-rning. H::;l:;vcnt to tolDpo.thy 9 81J'itirl g .. in .J.llo'·ro 
tho DorccJY>tion of sign2lo ':.rhon imbr_;do.cd in noi:J:J cluo to cro;·cl(; or 
noic'; cr:;· tod by n··-:~ur ·1 or ,:~rtific0.1 si(n,-,.1 gcnor~·.tors lE·.vint~( field 
strcnR;tbn nubrJt'·.n·:;i -·ll~c .r;To-.t::r "th:·n that l.PJOD. tho ::v.:--:1\; c.~rr·ior 
fr:)qucmc~r ., ~:;-,;,:tir'1 suPI\:~.tion th;m .. ct:::; lilco mr;morv 9 ··nc~ in f . ..-.ct i2 
one of tJv:i c-_;ub-'JJ-wnmnolF '.Thieh J'1l ~ 1 ;:;;~J l.F! tiL' gc.:nc:•·.~J. nh:::non1::-;n.::. of 
nl.CillOry, 

Tharoforo 9 th~ thr2ohold of ~ons~tion c~nnot ba s id b.j bo ~. cut
.,nd-dri'.:d ''1".ttor of n, ..... )'Joc:lfic numcric:1..l v."'.luo of ctimul1w. I:,or it iF:; 
not only true t:..'j i'.t th:J v 'luc of tho thro:c)hold '"~'Y ch:-mgc) c1o"0onc1.:mt· U 1JOn 
tl1"' lr:nP·th o-'"'t· "'rc>so:·--·nt:-·-tioi1 1''1- q1'Jl ...-r-·.r...-r --c• '·:r·,JJ. c~ 'ncnflont u--1on t 110 

._, M - I. ) - 0 '! -~ ,-,) ,_,.. '' 0.. - J J 0 - - \1 0 1 .. ' \ ........ ' - 0 '-' " .,.. 

f;;:·1ilir,:rity :'".:.in;::d by DrcviouG n:r:;c.!cmtrtion. In :·.ddit.i.on 9 thor;; :1c 
f"0fll'' 'Jh011()7:):-•]J- ''"' i:Tl)J..' r.1}. ··r·" T)r•r~C .,1' 'I"'Cl 0 0l'"•lV b"-'C'1.1 '"" +ll.-Y\T rQ1Jl'l'.'""0l1t ~ . .-J .. ·-' -··I ·· ,.,., '• ' \.l.l.. '--' , " '•·' \ '"' 0 - '' ',J ' '~-' .1.r,J"..J V ·-'-"./ 1. ~•,.,)-..~ ' 

>)ingl•; d.iscrotc cv:mt. Prcnont-·tion o:C the c:~"'ilc ctimuli in ,-., ccrics 
r-;o;1wtir'1oc doos not o··o1r:; SJJY ro:::rnono·-;. 

;J.oforc ~r~ 1o ··vc thir-: introc~uction to porc;:•Jtion n::.·:r.- D;J 9 it bc'".'rs 
ro'0o'·'t"'o C?'ln,1""'i~· tl1:-·:~ the' 'rnnl · n··:-ur"' o-(- thr··~holdr-· >'nd •wrc:,·-Jtiono 
in~l~c1~;, the;' "Dl~~J~0":1C~l;;"' of J :wblir;in~.l ~;noi cioni~,"'. Fo~ it. i::; ~:E p;rcnt 
i·crnor+:-,ncc tbc:t c:ubcon~~:cioUfl ros'~onso ·occurrJ to oublinin ~1 c!tL•ml1. 
If ,r,:) r ;n1:;r.'Jbcr th -t the n~~.-:~ur;; of th:r. ;:.:_:holc~u ic o:ft .'l!. d:Jtc:.··:.1inc::6 by 
tbo vor',,l r::::JYJ011']C o:C c'. ;:-,:ubj:..:ct 9 th.:; nr"tUJ'tJ of the: thr:,;,Jhodd in c1o
tarmin3d not by 1ili~1thcr or not tho oubjoct in cffcctJd by tha oti~ulus 9 
but r~.thr;r 9 if 110 is con:Jciot!::~ of it. It irJ no':: '"icLl~T -~cco·,;t•;d thr,t 
0~.uch of m.c·n' r; b,-:::lv.vior i: . cv.bcon::Jcj_ouc 7 h; i:':: not 2.1 r::ro goner ·lly of 
hoV>r h(: do ·:s i•Jhct he dooc1. Conro;cimtsn;;:v::: rcl)ro.s :nt;::; only tho tiD of 
tho icoborg·. Tho "Droblc:;'~1:=J c ~.u::; ;s 'loro1dn to note: tlr.t thoro ''rJ t1m 
qcl1ool.c! O'L"''-'t 1~01.''T11+" on·-.. t1'•o~t o--.... ,., COD"'Cl.O"·''D"'C'C::' ,.,,., ·t'Jn 111"r!t~·r of b"J...l'lr. h..... ,.._. ~ 1.(! -i.~.J V? \..J .l~· ,Jl.;\....'~.1 l •·' ~..i.,..J .~....-I.JiV •,.} l .._.. . '·... .. -· V ~;9 

the otbor to sc;c con~:ciou:~;::wsr: ;-:· th-.: sorvz:.nt of ooin,~;. 
Lastly 9 as :fn.r '"lf-J t>,is general introduction to senr:-Jation and per

ception is concerned. 9 it must be noted tho.t altho a given ctimuluo may 
be objectively classified an tn oome intensity or quality 9 tl'B n2.ture 
of "Perception is sub j Active Rnd asr:1oci[\.ti ve. '?or e';:ample 9 in one 
recent tele~Jatllry experj_ment 9 an im.sge of a farmer ui th a 1:)itchfork 
resembled to ·l;he B..f,Sent ulro clre'·T it 9 the mythical figure of 11the devil," 
ho"t·rever} the ~')ercipient vrhorJe culture differed from the agent's had not 
in his vocabular:;r the not j_on or symbol for :1r}evil 9 

11 
9 but instead re

ceived the emotionc.l I?AJsocio.tion of somethin[r religou:::: 9 e.nd so dreu 
inste~=td a fip:ure of OT)TJOsi te meB.ning, ie 9 the tab:Det0 of ~1oses, otill 
ho~rever correctly 11relip:ous. or ( Targ Pnci. Putlloff) 

Simil~.rly~ in a stridy re'0lic iive of Penfield 7 Sem-Jacobsen et al 
had Dl~l.Ced 2652 electrodes in 82 rmrgical "':ln.tients over a period of ten 
years. Altho no resl)onse 1:TaG elicited from 1065 electrodes, about hal:f 
of the remaining electrodes ( 80~5/1587) -produced r.:dn{>:ll] ar Emd di serete 
res11onses. Of interest to us is that ot the other half of those elect-
rodes elicitinR resnonsen, multiple associations were produced. For 
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exPm'l:l.e 9 101'1 e1r;c·!~, ode;:; elici·:~ecl vimJJ\l resnonc;es 9 of 1·ri:lich only 42 \..reTe 
uniruel.t vi-·ual, -:~he r::n1aini~~e: 62 resY)on~:er; ~rere visu;::\1 9 ':rith the; fo1lovv
in·":.mn1-t:L·.;lG 2-i'JCOCi.8.tions in orcl.er of j)rev~lence, 8em::ory 9 mood.~ motor, 
vecra:i:;;~:cive, c~r,Uovr:.ccular on( con::ciousno;:;s. Conoidering tbe oft men
tionec'. im')r)rtrmce o:f inF\''ery in "Jsi )heno;nena 9 the OT)7)Urtunity for con
fuaion rn~ em~ieuity is rea(ily observed. (Se~-J2coboen en~ ltyri, 1971) 

Let us also ~ention 9 in "Jassim, the nhenomena of ,arsdoxical:hot 
11ml -p2.ra.r:oxico.l colo"', of •:.rb ich mo:re 1P.ter. 

TheTG~..,ore 9 there 8Te · -··,~,,_:" level:J of diffe:;:·entiation concerning 
this l')rocesr;; fired; ·:;here :i.CJ i:!Emsation, by ,.rhich I;TC' r;}-w.ll mean the object
ifiable Y)rOY)ertie'3 oi inten:Jity c:md C:JUf.'.lity; r:~econd there is r''ens;ltion, 
:rbich mav be uncorJc:ci011.G or con.sciour:1; thirc1 9 there i:-: ~~erce-otion, by 
T·rl'dc1) He rne2.:n ]'ere, t11e conr,;ciouc-; El.''f1 .. reness of Renf3P.tion; and fourth 9 

there is internre~8tion 8:n~ (ecoding.of the phenomena. 

3. 2 ·~E1'~30RY COD IFG 

Our hunon bod i_er~ 2.re an ensemble of mas;:;es and energies 9 and our 
environment i.s 8.lso an em3em:Jle of l'l1Sc-;sen of vo.riou::-; qualities P..nd 
energies of vario'~'l freC1u:c:ncie-c:: m1d inten:;itieo. Thus -~,re and the univer;~:e 
8re ;:c:ub l ect to the interact ionc:: of ma;::;c;es and energieD 9 according to 
the l8•.rs r\:f ~ohvsics. TJben ·Fe 2.re acted uDon bv the unive:cGe ~re ai~e im
bec~oeCl. in \.ve s~.y that in the environment is 2.:n" stimulus 9 qhich may 
l')roduce in us 9 a ~~en.<:::a.tion, Fhich i;: not necesoarily an a~rareness. 
Throunh the biolo~ical evolution directly denendent u~on phvoical envi
ronroe1'~t 9 p:ener ::'.1 i 7.ed and spr,c L:.l i zec~ 'rece<!to rs' have been created in 

• -· 1 • h ' , 1 . J • l 1 . . ' . J 1 orgP.nl,:ms, 1 'r '1C -c"1ru ce. oc c1on a __ OF on organ1sm ·co :.:m-oropr18:ce y 
recnond to that environment Fmd survive. 

1:'..1 tbo vre c:hall c;oon cU::;cuss the vi"riou;::; rece'Jtor nbyc;iologies and 
mechf:'.ninms 9 of su,;reme imnortance L3 tbat 'Then all the V8.rious mechaniBmc 
hcwe ('_one tlleir intermecl iP.ry functiono 9 1·rhat is Jlroduced. by the sense 
rece·0tors is 1:m informCJ.::~:i.on or coC.e vlhich is a ma•J of the stimulus that 
produced it. ·rhat is coc'ed in .sensory procec:,s is. inforrn.ation about 
uhaJc 1cind of stimul1.1s is there and i·;o~-r much. 

'i'he variable involved in to.c:t:; 8Jlc1 smell ir3 the concentration of 
a given ion or rnolc:cule ~ v''ich on the r;u:::.ntum biocbemical level is 
esr.~eni;io.,lly electronic ::mel. therefore a f1.'Tiction of ;'Jorne electrome.~·,netic 
freCiuency. In hee.rin,<:; 2ncl touc:lin,n:~ bot~1 ';neche.n~Lcal' senses there are 
t•·ro V8.T'i8.ble~J 9 the intennity of the D:ces~ure anc] the: :fre(1uency of the 
chan""e in that 1JrensurG. .Jin1 ilnrly in Glectrorecption ((EV'1 

1 tem")1~r8.ture 
( infrn-red · anr. via ion)) the st irnulun also v:c1.ricr~ in intenzity anc1 

fre c:nwncv. 
no~r, once a ~timulus ic: ~u~erthreshold, ·a currGnt is ~enerated in 

that rece':-ltor, caller, t:Je P,enGTiltor :JJOtential, rrhich iE~ ,~. ::;raded responc:e 
to the Eltim 'li. This gr~.dec1 9 that L:; , V•~'Tif'hle ·potential i.:J then syn-
8:DtGn into i~he cJ.ffe~·ent nervous syrrtem, u;lose neurons crei'te an all-or
none 1)otent ial of _c_onrJ_t~~:n.t v0l t2pe, (viz ~Toclg :i nc;--IIuxle-r model) Buch 
that ~1qt is tranomitted by the afferent neurons is a code basad u~on 
the frequency of irn":lul.se:J conveyed l)y t}w neuron, ( anc1

. this if.; mrni~Gmely 
i'UCIOY'"l..'-ln··~ ·"or· .L;'Jo'O> re"'cle··-lc, ''lTIQ""'l'c.-:- . .,nC~l·na·) 8..YlC" no·:- tl1e V")l+·,_rco o·f +ha+ ~' .... c.. I ! J. v ;,._<y c .. - .... u v - ~;"_... u u 1." .. ~:- ~ c l '..) -' " I'·"'' .. -> v -~ v c..:. v 
• 1 ('T t' ll • c ~· • 1 1 1' • 1 • 1m·'!U se. :e men ,1on -·~nu; :cor .~11'' v2.r1ao e vo. ·cac~:es seen 111 Jraul-
;rave 'Y)Oten+iglo is -~~he stfl:Cistic2.l cu·1ma·i~ion of t'1e colU·JtEnt YJotential 
of a va.r'rin.'·< ntl.lTI!)er of cortico.l Md inter---neurons.) ·· 
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Of the a1J~woxim2,tel _,. ten to t'ronty billion neurons in the humen 
bocJ.:r 9 onl;y about C. 1 bill ion f'.re c·fferent sensory neuronfJ c:::tl)2,ble of 
uroducinp.: grac1ed generator ;JotentialrJ. The t1·10 1Jrim2TY sources of 
hum::m bio-informatton are vir;ion 9 Hbich iu electromo.gnetic radi8.tion 
1Jet~.reen the frequencies of ~- - 7 x 101~- Hz 9 and l:'ludition 9 •-rhich is 
mechc:mic<:)1 or-.:ciilationu betFeen 30 Hz:-. Emd 24,000 Hz. The n;:dure of 
neuroni-11 reG''onse if; mwh that moGt nerves are tuned~ eith :,ri·1.ely .. ,:. 
narrm;rliT to a sDecific frequency 9 such that when a neuron is activated 
+he n1Jec ific i ty o:f the neuronC-J ·BJJ.tomat ically, and ucually ~ uniquely 
if3 o.rJ~re:::med ~-·ith n. s-pecific bond of frequencief1, oucl:l that tt.~~· 
messs~e encoded is the intensity of the Gtimulus acting UlJOn the al
ready fre0uency-sDecific neuron. 

In adt1 ition 1 the br[dn, 'There the afferent si,'?_no.ls have their 
destina-:~ion, if:: arr8.n-o:'ecl tonotonica1ly; that LJ, 2, D~1ecific frequency 
( t.ono) is located in only certain allo1mble structureu of opaces ( topo 
in the brn.in. Seve:tal ~nich tonoto:Jic ma;J 1Jingo hace been o bservec1 9 as 
for instance the cochlear nerve 9 cmC::_ the central auditory ono.ly?.er 
in the ectosyl162fhl'~yrns. See fig. ).3 in KHz 

1 ----· ·" .. 1 .. _0""".· •<':)_ • f in lrH?. -· · \. --'. < / c.: 
-- ··· ·-- -- ·-;r?-1 Ll. db \ · .. 14 • 0/ · 

me s 1 / ,. \ / _.. - \ 8 mm 2 2. Q/ 
0 ]/ . ---~7\~-5-30 <tV . \ ,. 16.0 -• 

' · /l07 6D db-- \ 0 o. Li:s_ aos \. 14 ·5 
< -2.0-f;JO~ \ .. _ o. 2 .. -- /4·:§ · 5 
'- ____ _. .. _ Sylvia~· 

1Jes- gyrus · 

{ 

/ ___ ....... _ 

N61-r, altho the frequencies of the auc~i tory o.nd visual stimuli 
are reDnecticely in the KHz and 100 THz ranges, the frequencies at 
vrbich both the gene- ator and E'.ction potential::; operatec; are tens to 
billion:::~ of timer:::: leDs frequent tlwn the in;mt Dtimuli. ;rhus, the 
genero.tor 11otent L:J.rJ 9 ;·ri1ic~~ m8.y be aC'.ded together, hsve no refr!lctory 
~eriod~ but a n~i~e ~uration of 1-2 moec is de facto limited to firine 
frequencies no greater thC\n 500 to 1000 H,... Sinilelrly 9 the conr::tant 
vnltnge action '!)otenti~;,lrJ hove refractory T)eriods nf about 1 msec and 
r::w Rre e.l"'o limj_·!:ecl to :I:L· inp: :r:rerruonciefl belo~r 1000 Hz. 

Since, o.G HG r-; 11all sho'r lGte-r (Cf ch 5) 7 that neurons firing 
belo'-r :::·ay 500 to 250 Hz do ~w uith inductive reactance, ELF electro
mngnetic fielr~_f:J nre created. Of im~1or·co.nce to our :-.::tudy of conc:c ious
ne(3S and telepc-d:;l;y, '1ract ically ttll r=-;enoory informo:cion irJ crea·ced intc 
freouencios in the ELF range. 

The nQtUrA of sensory tr8nsduction is this: a stimulus of a give1 
intensity o.ct~: .u1Jon an affe•:·e1.ri~ nerve, uhich iD ;:::_ membrance 1.rhich 
conducts ions. The l~r~er the intensity of the Gtimulus, the greater 
iG the membrancc area octiv2.ted, r:md 'Jince this mec-m:J a 1-:J.rge:r flo'tv 
of ions nn<" electronD thru tllat membrc:tncc; this determines the amYJ
litude o:r:· tbe t:-w gene ator Dotentia1. The i'..::1:')litude of the generator 
1>otcmtj_r,l, once nynRpted (either excj_tory or inhibi·cory), dcd~Armines 
the fr0guency of the a.ction potentiaLJ. See fig 7 • ,1 belo-.;·r 

peak 100 output 80 
amplitude /. freq. 
of the / impulses 
lgenerato~0 

1 per 
40 .. . . t'} I 

potcm bai I/ sec 
f /,/'' 

ol i ol / 
Appr8~~tfJ~~~6~~~~~e·~oo¥6§1b7 : CIA-RoP'§llfi~7·R.~sooi®oo2-2 1l\'fS Lit'.tiJ\L ,R 1.. Pot,.nt1al mV 
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Invec_d::;i.o::U_ons h''.VO ~)een m<'·/lo rel2.-Gir.(': the ird::;ensi · y of the in-
<;nt ;:ti_nmlj_ -:~o -:~he frequency 01.:1.t1Jut for all- of tho Don:::;e mor::lali tior3. 
Stovons hyYlothor:i7.e,:~ tb8,t the: ;ion:::;ory trr1n~_,d.nction ··,roco(Js follo':ro cc 
'00\TGr la'r 9 ie 

\vllere 
fo "" 
fo ... 

t b 
ont'!Ut f:ce c_;l..J?ncy 

a(n = - clyn2.~nic .-:: ir::chc:n'.r~o rco~;onc;o 

static dL;charge rs:ce. 
to ~:itimulus 

'.Jhon 3. 4 io re,rri ttcn 9 \Te r:ee that this ic cii;1ply c\ form of 

log f 0 = (n log x ±log a) ± b 3.5 

thG 1.Jeber-Fechner la~·r: relating sen':.:ation to rJtimulu,s, except hsre 
the relationohi~ i~ the frocuency of neuronal outYlut to the stimuluo 
intensity. Altho morst tran·:duction 'lrocec;Deo follo·:- -the -po1re;:· la1·T 
over 2 csrt.? in ren,r;e of ilr;ut stimuli 9 it has been hy:;o·chosi 7.t?cl 
(LilJotz) that tho tr8ns~uc·~ion procecs i~ better descrived by 

tanh x (hy1)erbolic tan.gent) 3.6 

8ince, ~s ·~ sh~ll show, the ~reate:::;t majority of out~ut fro-
0nonc ies z:~:·~o betu,:ren 0. 01 H;-/, nnc1 500 Hz 9 c:ome mechani:::nn mu:d; provide 
discrimination for ell thG meosCJeoc: cro1r0.ing t'lic: &:iven bnnc1 ~ Fl-Jich 
becr:>.use of the oxt:r':mel y lo" ::=:·requonciou 9 h::w.:; P. limited channel 
c;.n>'.ci-!~7. In ~~~.rt t' i~> icJcmtifi-cRtion comes frorn the exponent ~·rhich 
is genoro.~.ly uni ('IUO for ~\ given sen;::; a ·~oc\ali t~r. Of inport.:mce is that 
these e.-~c,,onr.::mts e~:llP! it vo.lucs rrenc.:rally inc~ icrttj 'i ' of the oft 
obsc;rvE;cl nro,erty of c1Lfferenc·:H::: clu-:: to orgP,nism inclivic1ur,lity. A 
cor . ...,.llf-l.ry to tb i~· ,·roul(' 1~.:-:; -1::11a.t there iCJ -prob2.bly no uni ver~Jally 
conmilo.ble froqu:::ncy or 1:::wc:form cUct ionary. for r·omo phenomena. 

T:::J.ble 3.1 ic F:l a.rranp;emen·:::; of thG variouc;; observed lJOuor 1· ''r 
ex•;onent.s "D CO'''l'lileci b3r Stevens c~.ncl. by I,i1Jet7. fro''' ?. larg8 nu;Jber of 
invcc~tic;ations com;;lcte(q on t!1o avo::·a.gc 7 c:;inr.e 1965. 

TABLE 3.1 ·- Po~rer IJ8.\P! '~~'-TJOnc.mi:;;:::; 

0.10 - 0.18 Verbex 1Jotentiol 
0.21 li,o:ht intonsi~:,:r e.v. 

cortic2~ ~otontiala 

0.33 Brirhtness 5° target 
0.52 Av. cort. ''ot. 200 H.7: 

vibr2.tion on fin0:cr 
0. 6?. 
o.67 
0.6 
0. 67 

0.7 
0.716 
0.735 
o.e 
0.:15 
0.39 
0 ~ C)75 

SaE1e 2.c n.bovo ~ 50 Hz 
Loudne2o 3000 Hz tone 
Smell ··· hG'')tano 
DeDolar~7ation current 
optic nerve at 550 nm 
Proiectocl vi8ual area 
Intenci ty - li,c~ht 
Intensity - 586 nm 
r:>,ctuCJ.l h:•.rcl.nec::J 
Citric ncid one subject 
Illtn;J in ;_:t·c ion 
Ligb-:; intensity 620 nm 

l.Cl 
1.0 
1.05 
l.ll 
l.l 
1.1 
l.l 
1. 20 

1.3 
1. ~-5 
1. ~-7 
1.5 
1.5 
1.7 

3.5 

Gold on arm 
VL:m2,l lencth 
:::;uci'OGc --av. of 14 sub j. 

-- l . 9 7 J 8.1 t 
~~itc noise ~uration 
Vocc:d effort sounc1' pressure 
Static ·prommro on f>kin 
Depolnri~in~ current for 
636 nm 
Finger ,span 
Hco.vinfws- lifted vci:3)rts 
Citric acid ·one subject 
~~or:nerrcturc> -war"1th, on ar:n 
'J'actual ronghnoor~ 
Force of hrmcl r:ri·, 

Electric shock- current 
tllrou:::1 fincers 
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Althou?h the maximum firing rr.tte of a given sensory afferent •r 
motor efferent neuron is limited to frequencies ( uoually) belo\<T 1000 H: 
either because of refractory Deriod or spike duration, it is also 
1.ll1derstood that stimuli change ranidly, so thB.t the actual signal is 
usually limitod to only a limited number of ;,v-aveforms in any given tim" 
intorva.l. The vnrious coding/trcmsducing l")rocessoo provide several 
different modes wherein the frequency of neural discharges provide 
unique and unambig1..1ouo inf'o~~mation about tho stimuhw. For exe.nrple ~ 
in phase coders (T-tyno) or latency-burst disDersion coders (D type), 
a given neurono' output frequency is relatively constMt over any giver 
long duration, lots say 120 impulses per second. The coding occurc by 
tho mechanism that the dischnreos vary from their normal inters~ike 
intorvrtl by only Et fc1v tcntho of a milli-second, tho information thus 
beinp a code basad unon the nhase or earlincso-latoneos of a given opi1 

wi th .. reSi'lect tho the averae-o intersni ke dure.tion. Bullock, from vrlto 
the e.bovc coding schema 2.re crodi ted indicates that at leaot trN"o 
addit;ional codings occur: one, a :;robability coder (P-tyue) 1·rhich 
nroduces sDilces in a quacli-chanco me..rmer, snc1 tvro, a burst coder (B-ty: 
vrhich Droduccc s¥Ji ~res in clusters of varying numl::Jer. (Szabo ond Fessarc 

Once a stimuluo is su-perthroshold ~ a rlignal -rJro~ecd:J into the 
brain structu:tos by varion.s multi uly--synauted afferent path1.rays. Once 
in the an~ronriato cerebral structure tho incoming information is 
proccGsod in mR.sGe, '"lroduc inp; -!~he nhenomcma of nvoraged cortical 
rc:Ji"lOnseo. It he-0 been shown tha·l~ those averPgc corticnl potcntiEl.lD 
hav,-; almont unique waveforms for th,; gi von acmsory inDut * The average 
1Jotcnt ial' s voltage runpli tude:~: vary u'Y)on the mechanism of v'lhother or 
not tho ap'lronri I'\ to neuron a fire in phtl.~Je. When neurons o:r a gi von 
conntant voltage an(l given out:mt frequency discharge~ amplitude 
modulation ( ie of vol tago) is a function of tho phaL3G differences 
between those neurone. 

For exam')Jle, in a neuron firing at 60 Hz, there is one opike 
ov0ry 1/60 of a ~oc, or 0.0167 sec. If Emother neuron 1 regardless of 
its outnut froqn.ency dolivoro to some cortical ntructure 2.11 inFml:::w 
that arrives simultaneously vrith tho above 60 H7. frequency, tho t\<JO 
1·mveforms, much like oco8nic tioes, crest tof::othcr, araDliflying tho 
volt2€0 of the thuo a;zg_r,.:'l£.Gd cortical rGSl'lOnse. Ho'crover,· shoulcl. the 
two (or three, or n) ci~<snalc bo out of i)h:::\GO, varying degrees of 
addi ti vo or :subtrncti ve construction ivill occur in voltage amplitude. 

Consider then that tho mcosago or meaning (not the information 
?s 1'!8 shall later specify) i::; function of sovorsl factors~ tho rJonoory 
out-put frequency 9 all usually under 1000 Hz; the pouor l0yr functionfJ 
o:f t:he modali tioo, -rr1o ic·h discrj.ninntc~'1 but their rate of chango, (that 
is e.:ro•·rth) -th;; moi1ality~ .ex1c~ the arnnlitude o·r tho avor81'SOd cortic:~l 
rcr=;''lOn::orJ, o function of ~he nhnsc of tho L1cominc: fr')Qu.onciocJ. 

Tho follo1dng is then very illuminating. Amnlituc~o modulation (AT 
is a function of nhaoo. Hot·rovor, the time rate of change of l}hB.oo, 
that in ito first dorivatioe, is degroes per second~ that is frc;quoncy, 
r:ro1'T, in edd.i t ion, +he~ '!8.YOforms 8.ro transient, gro ""inp: and dLninishinp; 
rrmidl'IT, and tho froo,uoncy al:::-;o changer: ~Ji th rocmoct to time and tho 
firsi~ deriv2..tive of frequency io chnnge o:f frcuoncy 'lOr time 9 or as 
':TO kno,·r it, froquonc~r modnlat ion ( Fr1). Thorefore ~ thu 'mos.::ago' ic: 
a function of phB.'JO 9 the ficst c1eriv8.tivo of ulaE:o, iJhicb is :·roqumJC'T 
and tho G.Jconr1. c18rtvativc o:f ,,118.80 t \!bic:f is frequency modulation. 

Mo;;;;:;ae;c ... 4> ± ~~- ± ~~~ 
(AJ11) (FR:~Q..) (FN) 
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For tho ~-:2 1m of Dim-,licity? the) cooffj.ci,·mtc ~lc:,vo been eli.min?.tod 
from Boo 3. 7 , 1Jut it '·llO~lld 1J:::: un'".or~;tooc. th8/G in any ,o;ivon 'moc;r;Pe;o 1 

tho coefficion-'c o-r: eny term may b<:; ~?Oro 1 lir:titinr that !no s;:{se' to onl~ 
one or two of the ~oociblo three comnoncntc~ 

All o~P tlle s;~nsorv en(] ino;•l ;;;o ht::.V(J .cJ-;cm 9 o:r chall f3CU 9 r:xo some 
• ' • J • f . , . ' ' h . t 1 . "' c _,_ t J 1 V8TJJ\"ClaGlon u~on : roquoncv cor:·.lng, yo-c ·c oro lf.J sno tlG< c-G:>:: ~~ -o c.oo; 

codinP;n ;r'l,ich j_llumin::-t-::: tho n;:'.·:;ure o~P lJerce~tion ~-·10st <')Oi:o:nnn-'dly. 
~1oe1t o:f tho coclin.'""f:l "''j r1l-Ftll ox8X•'line o.re continuous 9 th:::.t i0 tbo-7 mnv 
hi'VO P,ny value f·, OJ1 -:~bo m-;nimum to tho m::'ximum for tba;c .cd von ~.F-m~c:ory 
"'1oe_;:;1itv, o·-c ~'~':~ -t;11o;o of olfactj_on 9 ;m(' 1lCJrh;>1!f:i c:o•no other.::; tljat br:r,.ro 
not yet· i~c)en invc:Tt i.r. e-:~r:xl. 

1-Iupho.:::: ot nl im-;lrm·(;er~ ol::'ctr'J0c;·; into 23 pn.ti;::nts during ortho 
neuro~rurr:cJry. ":tandardi z,;;d 8-Gr;oorr1hcric r;olution;-:: of variou- oqor2ntu 
•mre admj_nistorcc. ·!:o ~~he n8.tiontr: 2ncl r::;s),onscc ':ere recorded 1?:;-,om tho 
0lfactory '.:lulb, a:1cl_ ::>my::--;0.alt'1- of tho con·c;cious ~-!ul::Jjc;c;-t.a. Th,:; rec:ults 
C8n onl~r 1K: G_,;ccri':)cd as rovolutionn_ry, foJ~ i·rlL=:lt Hu,();J1os 8JJc'1_ hi:::0 co
>Wr1r:orr:: '1 ::HJ. found ~r8.8 that oC'or ou:->cli tieo •rc1:'3 rocordcc". into snocific, 
that is dir:crc:d~c froquGncioc, no·i~>or ~~han a vice iJ8.nd of f~·cqucncioc. 
Altho ~;o'nc: o:~ the 1ineo r:;;;:; 7~onCic;d to ''lO}~G the-n ono ctimul2.nt 9 it could 
bs '"2ir~ in 6?,;.mor2.l thr\-:~ only vor:y HTJOCi:~ic froquenc:Lc.:~: •.re:c'o allocated 
for vary snncific o~orm1t au~1itiJ0 9 tba result ~ein~ that come ~cncor~ 
corli.n{?: ·F,"1.8 ac :>c.:cl.lre:rc:: ~nr::' ar; S')Gei-?ic as c;miRcion or abnor!Jtion lines 
from ctollc.r [PJcct:r8.. Here: it can l;e SEdd i_ r; ClWC. J' lc OVifq_(mce for 
a diet ionr;ry- -1 i ,:ec frcc;ncHc:y code of GGn::lc-:tL.Lon. 1l'ablo 3. 2 lictc; tho 
m2.ior f'ruquunc'~' CO''P)o:-rwnts in c clo~J por r:JDconc1 9 in a hum.::m olfactory 
bulb. (J .R. Hu.o;hcc 9 ot nl) 

OdorPnt 
~1onthono 
Po'lnormin·l; 
Bup:onol 

25.8 

Tc,ble 3. 2 
01:;: a.ctory f'!1Joctr0.l Linos 

3rJ.3 
30.:'> 

26.4 3!l.3 
46.0 51.6 

51.6 
50.6 51.6 

57.3 
53.3 

aclcUcion;-:.1 cornnwn lino;-j occur P.t 70.8, 72.9~ 73.q, 75.8 
;o.ncl 7q.q, 'lith C07Yl:>o:nonts hi.":hor tbc;11 140 IIs being vory rare. 

Lot uc conclude this section on son~ory coding by showing two 
cJ.i<"'{<,r.smc:. Tho firct 9 fi.r.:rure 1V:j. 5 s}w,rs tl'hJ outrmt froquency of bono 
joint poGi~ion recontors~ :~d th3 socond, ohows tho output froquoncy 
of a ;nucclo '".:-~~ro·:~ch roco~,tor. Al tbou.gh th,J ron.c1or is ackod to, verify, 
as 'TG ,c;hnll 1:::1tor cho1.r 9 -:~h::~t nudi tion enCl. vifJion outYJut :i:ro <lUCH'lc ios 
do not o:rceod 500 U7 9 tho follo~rin;c; di~€r8ns nro ~ddod evidence that 
no r3un::-;ory ou·hut :frcquJncy excoorls 500 Hzo 

imnulno.s 
ner 
scconC1 30 

20 

10 

Dono joint roceYJtor 

h 

im•mloeslOO 
:>er 
so cone. 

50 /fi, \ 
/~tj ~ \ 

/ f ( • '\ i 

// ; \ \ \ \' 
;';\TI----· 

0
_ \____ 1 ocL _ .~ ... 

- .:o 150 180 -0.5· 0 0.5 . 1.0 
.·'Jint Y)03ition log1o lo:s.d in gra'X!s 
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;5.) JiJJoetrorecopt?rS and tho Acoustico-ln.tcralis System. 

Al thou,q;h it is pormlB.rly Dccopted tha.t thoro are fi vo sen nos, 
ie. smell, taste, touch 9 audition Bnd vision, recent phyr:;iological 
uork has identified many additional .sense modali tieD, including 1Jain} 
c arbon-dio::d.d ·~ a11d specialized olectroroceptors. Of intorect to tho 
tonic of sensation 8nd ~':lorco<Jtion is tho fact thnt a given ;:>hysiologic 
id.ontifio:' sense orp;c:m may rosr1ond to more than one input sense modal·· 
i ty. For inct811co, pros:::'dn,? tho cyo lightly croe·i~;;t: visual 'phosr:lhone 
imn.;.roo, vrhereao certain 11ain and thermal receptors in tho skin respond 
as vmll to preooure ~ l<.ddi tionall;y, pain may be Derco i ved by injury 
in areas in the skin 1iliich arc not innervated by either touch, pain or 
thermal rocoptorG. 

In this r:octiol'J '·.ro shall demonstrate tho existence o.f spociali zed 
oloctrorocoptors' but it ic our add.i tional thesi:::: that a.ll neurons cmd 
some synE'.D8n~:J CJro eloctrosonr;i ti ve. Conr:idor 9 for inst<mco that that 
w·hich \•!'J call taoto and smell io re<'.lly a function of given concentrat
ions of ion a, 't'rhich thom. -:ol vos arc oloc trica.l ch8T:o;es of Ar)CC ific 
Dolari ty ( VRle:nce) aJ!/t fro auoncy. Similarly, that ·frh ich vo call hear
ing occuro . '\Ihen a mechanical vibration acts U.Y'lOn the cilia in tho 
organ of Corti, it iD tJ18 otroo,..J-strain mech&"'lioal energies of tho 
cilia 1:1b ich create, Lea~ (infr8.~rod) 1.Thich stimulato:'l the r,udi tory 
nonrono; tho onocific moC~lRTiiEJm io called piezoelectric. ~ehorrnal 
recEntorD rosnonc1 to 11hoat ;1 1 but that "J;1ich 1;Je call 11hoat ;i is snocific
rdly infr2.-red elcctromEJgnetic racli at ion. Finally 1,ro r~hall not belabo1 
tho noint tha.t viDion is tho response to oloctro;nc>gnotic radiation 

in tho r;visiblo-lie.ht" froquoncics. 

Tho O'Docific oloctro-rocovtor organs as described foro•,ri th are 
all rovo.::<.lcd from research in ordinary a.nd eloctro-oonsitivo fish. 
However, Dince our thesiD iD specifically electromagnetic rocontion 
in th0 ELF bMdG md tho 25m to m bond 9 the reader shall koer in mind 
that those olectroroccntor~: n.ro r)P.rt of the acoustico-lotore.lis sy:Jtomf 
o:f 1;r'1ich tho cochlea rmd nemi-circular cano.lo in m8n have ovol vod 9 

and 8.lr:J0 C10fJC)ly rO:SOJnblO:?i thO 11 Z-1CUpU11CtUre 1)0int SyStem;' both Sh0\111 
to be electrosensitive. 

Leydig in 1851 had. studied the 1aterr1.liD ;:-;y::;tcm and concluoed a 
onn::;;ory function for tho ore;ano. Lator, Schul ~w, in 1861, had hyDo
theGizoo_ that tho CU'IUlo.o of tho cy::Jton1 •·roro stimulated by 1) V3,ter 
movomen :~s d iroctorl. 2/"'ainst tho :fir;h or amnhi bian, ::mel 2) 9 lm,r fro quenc:y 
vi brr:d~ 5.ono ( r:wund) in tho 1m tor, SEmd, in l g38 do 1Ylon.strfl,t,:~d that the 
Rmpullr::'.e (of I,oron"',ini) \vere infr,l.-rod c:onaitivo. In 1g55 Hensel 
confirmoc'1 Sc:md 'D POr~-c cmd oxtc:ndod it to s"1o~-r tho similarity Hi th 
mammali 2..n thorrno-reccntora. 

Li.ssmann, in 1g51 ~ had discovered a low· vol t<:l.go 0--330 H?i atoady 
discharge: from electric organs, end later sucooclod in concH tioning 
a s~ecios of fish to ~icrovolt ELF ficldo. Bulloc1: ot al, in 1961 
hynothos i zod t}lo.t the s'))oci ali z.ocl olcctro-recontor org::ms 'dero deri vatj 
of tho latoT n,l line ooHso organs. (FE'lSARD, 1974 ~ eeL) 

Tho S1JGciali 7od lateral line orp_:ans of vhi ch •.ro d1all Doon S':1cak 
occur in ltntogration ivith tho ord inn.ry lateral line systems~ that· is 9 

not in oubsti tution. It nhm1lcl be mentioned. thnt .:pocios not contain
ing tho SLLO roc<''londod to eloctric:--1 fh:1c1J of mV iu tGiwi ty in tho JELF 
range. 
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Thoro arc; throe basic tyl')c:J of lateral line organs. Tho first 
are tho ordinary LI,Q 1 second s.ncl firr;t orcler neuron~ cs:pDod ''lith micro
villi~ i.n :q;ener.0.l only mechanic ;'.lly sensi t ivc 1 

110';-rcver 1 still pic zo
elcctric. 

Am,Ju1l2,c, vi '7, ampnllae of lor:311"-:ini 9 nrc canalo ~· u:mally lcm long 
by lmm in 0.:i.nrnctor 9 filled '.Tith Dn ocidic mucoY10l'!oacch8.riO.o, And ETC 

directly connect0d to th..::; cnitholial layers. The 1rall resistance of 
tho c0nal io 6M n •cm2, 1lith a canacit<mcc of ,'.4 -0.8 llF·cm- 2 • Tho 
j clley bo1-rovor has a rooir-;t ivi ty of 25-31 Q. em, and a .comDooi tion tha~ 
varies somc1·rh2:.t ~TD2.ti8.lly~ but in (l;encral io~ in mM-lrg-.L H20, ?fa(2) 44: 
Ca(2) and Hg(2) 50, 0 1(-lJ 580, K(l) 12.5, ond uroB. 75 (r1URRAY) 

Tho amYlullae occur in maw varioi tos of fL3h rmd amphibia, In 
general tho end organ i::: 10-16 vm in diEtmtor ~ \'lith groupo or clw:::t 
ors of 10-:50 am;:mllao Y)Gr or[l:an. The donDi ty o:f tho organ<J range from 
1?-80•rr,rr,-; _ and m2y number 2,, total of 40,000 in <'~ny given spoci:Js. 
Of specific interest to us ir:;' tha·~ the arTilJUllao roslJond to field Gtrenr 
of 1..:.15 lJV.m-1 i:r' l'md only :iff the innut.frcquencies arc lo1v, that is 
in gcmer ~1, loc,s than 300 Hz, ::mc1 moot often, less than 50 Hs. 

Tho t11 ird ty-re of lateral 1 inc organ io c ::'!J.lod tuberous, and is 
found only in 'iiWa'!.;:ly electric fish. The tuborii arc located in invag-
inations belOIT tho c'Di tholi U[· .:md rmrroundcd by sunporti vc cells. Tho 
tuborii ros'Y)onded to fields of 4-20 llV·m-1 of high frequency, usually 
up to 1000 H7-, specifically s")rnchronous 1,.;i th the electric organ diG
charge of that fish or of electric fi ch of the CH'Lrno specie. 

Figure 3. 6 sho1vt:J the compare.ti vc nhysiolo,<?;y of tho three receptor 
organs. Ordinary lateral lj_no :Jlcctro-rcco:1tors arc innervated by <:m 
efferent nouron 1 tho smlJuallao and tubcrii arc not. 

i 
.. /'. 

/ /1 
··~ ' ('....---

' \ I I I 
'I ' 

TUB"iRII 

Specific clcctro-oonsi ti vi ty 1ras domonstrat·'d by Di jkgraa:f and 
Kalmijn (1963, lq66, 1971) in a sc3rios of experiments Offi'lhasizingboth 
eloctrolocation 2.nd conditioning otimuli phcmomona

1 
At first they 

noticed thnt dogfioh rcsYlondod to a 5 H?. lo--5 V·m- field by a tvri tchill 
of tho eyelids 1 intcrc;:-"t ingly enough 9 '!Then th,; do,.ccfish 'doro dro'tKJY. 
(Altered States 1 researchers,, ta·!cc note!) :Later they noticed that 1vhon 
tho ECG I:Taf:J moni tor,;d, tho he8,rt rate olovod from 1 Hz to 0. 7 Hz \vhcn 
stimulated by 10-6 V·m-1 fields. Late in 1965 dogfish wore trained to 
seek food vd th a 4x1o-5 V .m-1 field. In all casc)IJ, tho rGsr;on[h;s to 
stirnulii or conditioning Ceased \vhcn tho amnull8,ry nGl'VOS \vOrO sectionc 
even vhcn tho fi ·:ld stron~th ~ms rnisod 30 db ( 1000 X). In addition 
it Has ''~Oticod th.'Ct tho d~gfJsh naturally avoided areas ,,,rhorc the field 
strength was 1- 0.1 mV·m- . 

Three tynos of rocnoncos to E fields ~vore noticed. :'he first 
reaction \JaiJ ·8.

1 
tvi tchinP,' of the body or ::mn.:::ndogo, u~::mally in rcsnonse 

to 10 - 1 v·m- fioldG, but oometimos 28 low ~8 lo-2 V·m-1. Tho oocond 
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rosnonsc tyuo is gal vanotaxio, a turning into or nor11Cndicular to tho 
field. Tho third rosY)onso tyn:3 io gal V8Xlo--narcosts, 8n immo biJjsation 
of tho toot oubjoct. 

Final proof of s~0ocific cloctroscns i ti vi ty vv<:H.l Drovidor by Kalmi j 
who :Joquoofor~;c: a flatfish 1 Droy 1 in S8.nc1, and ui-: h · other controlc 
excluded vicual, mochanice,l or chomic.o,l clues, yet tho oharko and r:FJ,ys 
'.mro able to loce.to tho flatfish. Extr.CJ. 1·rcight io ac.dod to tho cvidon: 
1trhon an arti:fical current si~ilar to that of tho flatfish -oroducod tho 
snmo location rosul to. 

Figuro 3. 7 bolo\'! io an adr-t~Jtation of ~1~;ble2 ( in Knlmijn (1974), 
it!b ich 1Jiots tho olGctrosonsi ti vi tioo of tho various spec ios to stod by 
numoronr1 8.uthors. T•!TO tylJoiJ of electrical energy paramoto-L'S vroro 
nrosont at tho time of testing, one being field strength, in volts por 
motor (V·m-1 ) r:md tho other boin1~ current donsi ty in amperes per centi
meter squared (A·cm-2). Curve fitting r,-·voals that the relation bo
t~rmon tho tvm throohold 1Jarc:tmotor is 

(3. 8 ) log V·m-l 1""' lc'g A• 5r.-"'2 5.0 
FigurG 3.8 bolo;;.r olJO!•TO that in sharkG and rnys, gono:r·ally consider.: 

\•roakly electro sonsi tivo, tbo relation bott.;een current donsi ty and in -
put frequency rovoalfJ that tho threshold incr<.Hlscs as tho frequency 
incroasus, a rolat ion 1vhich io alfJO observed in man ( Cf. 3. 6 - 3. 9). 

0 ~ 
lOO'"' 

6.' 

Volts -per_ 2 meter 

-4 

-6 

-8 

...... · 

-12 -11 -10 -9 -8 -7 --6 -5 -4 -3 -2 
log10 amveres lJer centimeter squared 

Although spcJcific eloctroroco'Ption has boon dcmonotratod by Lim>
mann, Bullock, Kalmijn and others, of specific interest to uo io that 
tho ampullae h2vo boon domonGtrB.tod to b(: \·ridoly receptive to other 
electrical Emd. P2Tn..-oloctric<'\l 1Jhonomena. Tho reader is requested to 
study the follOi'Ving cloooly, for <,.rhat hao boon domonotrntud- in tho 
am·oullao of fioh has also been obocrvod in mM, that io both "t·dde and 
n •rrow oloctro-res1Joncc. 

Hero tho •tTork is primarily duo to JVIurrn,y, srv:cifically on tho 
anrpullao of Lorenzini. Our into rest in thio orgffil is duo to the fact 
that it is Fidely distributed in vortabratos, and its rosponoc to 
oloctrootimuli iH a tonic, that is frequency coded mer.:sage 9 ·~rhcroao 
tho tuborii, found only in fiGh poscossing EOD 9 rornondod 1Ti th phasic, 
burot-disporsive n.ndtonic-pbr.sic :~odings. 

Figures 3.9a to 3.9b below show tho following responseo of a 
oinglo unit of amY~ullao. In 3. 9a tho input pP.rrunetor io voltage and 
pol[\ri ty. Notice thnt the organ has a diGchorgo rate of about 30 Hz, 
8.nd tho outYJut frequency therefore codos l?Olari ty and intonoi ty. No tic 
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alr;o tho out-out frequencies in all can•:c; arc in tho ELF range (3 
3 kHz). Figure #3 .10 sho;,m tho ro:::::•onso of tho Gfuno unit to tomporatu~ 
( infrR-rod) 9 vvhilc figures 3.11 i:1bc record the rocnonoo to prossufJo 
and touch (vi 7. tho ·0i;.; zo(;lcctric off oct), :md finnlly 9 figure 3. 12 
rovcn.ls tho roG''ODSlJ of on am!)ullary or("an to th..:: <lpDlice,tion of a 
sea wetor solution of v2riouc salinities. (It should bo noticed that 
tho ~:,vor8.go concontrf',tion of tho neural solu:tiono Pro h·ro to thr.:;o tim· 
th2t of sos. vn.tor. ~ Agcdn 9 ·whfl,t is most im')ortant hero io tho \vide 
nmgo of eloctro-o,!Jnoitivi.tiorJ of tho mnpulJ:2ry orcan:c:J. 

out'IUt 100 
Fig. 3.9 Resno~se to electrical stimuli 
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Returning to ODOCific olactroroco~tion, it wno observed thnt 
stimuli o:f duration 0.1 to 1. 0 cwconds •:mro roes': offocti vo in olJ·ci'L ine,: 
oloctroroononno. 1·Javuformc of tho 8.bovo duration:::: cro oquiv<:".lcmt to 
10 Hz to 1. 0 Hi?. fro quonc ic;G. Alt{O obc:orvoc1 \.Pc thrJ phonomcma th::lt 
stimuli that \Joro either too brief, or GUfJtainccl lor too long ~·.roro loc 
offoctivo in producinp: oloctroro:.T!)onoo. Along tho como line 1 it 118B 

sbo•m thn.t Gtimuli that ~vore oithor r:;}11plitudo mocluln.tod or frequency 
moduln.tod gavo rosnonoo Hhon tho field s-l,rone;ths \voro as loH 8..8 

10 ~V·m-l Tho most offoctivo frequency of frequency modul~tion was 
3 Hz. hJt tho ro0dor rc:mombor ti'is, for in tho next section, (on 
PJJ.di tion), it 1vill bo sbo>:m tho tho auditory oonso, again, hh:;tulo,n:.i.cs 
do rived from tho LID el~JO do .. nonf1trntou n prOl:lcnsi t;sr to Dcl-::;cti vly 
rosnond to certain otimuli, if 2.nd only if that Dtimuli is either 
ftffiY)li tudo or fro cmancy mochtle .. tod. 

In :;:>,dd.ition to th~c·: :o!Jovc \JL:ctror.:;cc:'Dtivc: ch:·\r2.ctorioticc., a 
nhonomcm<.. o:f V:'l..luo '-o thu b j.ofoodb <'.ck roco "'rchos occurs \Thon tvm 
oloctrononni tivo epee ius •·ri th electric org0.n diEJCh~.rgos (EOD) ~,rero 
connoci;,;d '.:rith contr.l.ct oloctro(i_,;r;. It ir:J.G obfJorvod th2t -.rhcn tho t1m 
fif::Jh of tho ~:::;8.Illo ~mocic~ oach ~;rith tho c:amo brwic EOD frcqucncy9 \Wro 
connected, bo-~h fioh l·:rc-- o oboorvod to change their EOD in ouch a msnnc: 
to produce diooimiln.r, th2.t ic di vcrp:cnt EOD. Scbcich and Bullock 
indicettc th:~t t11io •:jamming nvoidanco rosYJonso" occurs so that oach 
fish C9.n dir·criminRtu ito o1m neurn.l patterns 9 such th.".t confuoion 9 

and therefore lc::::w oclf control may be ::J.VO icl.ed. Thic: JAR n.ccurs only 
if tho EOD 1 r-J arc Hithin 15~20 Hz of 02.ch fioh' ovm EOD, o.nd i;J most 
nronounced '\vhon the difforcmco ir; 3-5 Hz. This is related to tho 
Fr1 ros•1onc:o to 3 Hz, c:incc t•·ro. fich 'tvithin 3-5 Hz of oncb other v.r:Lll 
produce high ru~nlitudo 3-5 Hz modul~tion of onch others EOD. 

Tho ph.:;nomcnP. of oloctroroccmt ion h,'l..fJ lx)on rJtudiod by tho various 
·o::wchologistD, phy:Jiologi stE; o.nd biologio~3tc, uho do em tho phenomena 
as nobosoD.ry for tho ourvival of tho aquaric o~ccioo observed. They 
c~ll tho.~honomen~ oloctrolocation nnd 2lcctrocommunication, yGt a 
norus~l of their bibligrn~hioo indicRtc th~t none has cited or studied 
tho bio'Jhysicnl or par2.ywyclJ0logic.~.1 li toro..turco, nnd thoir concluoion 
wore thus ron~had indonandontly. 

In oloctroloci'l.tion 9 for (:JXEUTI')lc 9 in EigonmnnniR 9 the ffi'l,los 1 basic 
froquoncy v:1n 250-600 Hz, Fhoroao tho fcnw.los' ~:ro.c; 340-560 Hz. Similar: 
8n P..Clvcrr;ary or proy may bo locat,)d nt o. distance thru ,:;lcctrorecoptio: 

Ap.:nin ~ certain curr.:::nt vcloocitL:E3 in tho oconnc; or otrc::.ms con
trdn. onoci:fic 1 ifc forme:, and it hetc; boon domonstrr'.tcd thnt sonsi t i vi t: 
to current vcloc i tj,c::o ~::OJ 1~\•T r:.o 2. 5 x 105m. occ-loxist. Another ro 10rt 
indic:'.toc that 10-.:> m·coc·- mny bo UfJOd ,?.:::: n .. conditioning stimulus. 
In n r:imil:J.r r:tudy 9 a 2 ~m vibration :1.t 15 Hz rccul ted in a 50 Hz cign 
(Schwnrtz). · 

Tho r'.mnull::try orgnn;:~, :JY'Jccific;:,lly ,;lactrorcc!:-~ti vo, hn.vo boon 
chovn to h<"wo. ovolvccl ind:·xmdc::ntly in rJcvornl snucics of vortnbro.tos. 
i\.nd ~ ~1 tho tho LI,O nr.J found only in '.vo:l;o:r d uo1ior:J 9 evolution has 
produced t~m org.:rno ('''lccifically dorj_vod from thu 110. 1\.t one timo, 
olf:tction 9 vioion, C'.nd certain cr[':~ni?.l nerve::; ':mro DArt of tho I,o .. tcr~::_L 
~ :VrJtcms. In m~~n9 tho vcotibulG.r cnnals (not uncoincict:;nt8,lly namnd 
AmDll.lln.o by :::m,} .. tomiuto), nnd tho cochlc:a C'.rc C:iroctly c1osccmdoc1 by 
~mphi b i al I~LO. In tho noxt ucct ion '.KJ DhP..ll ohmv tho vory close 
rd.milr.rity botHnon tho ol . .:ctrorcco'ltivo ampnllnry orgr-nn in vm.tor 
dv·rcllcrs, P.nCI. the i1.COU<TI;ino-·<'l.)t..: l;rn l'';"ovtlvc vc::_.d; ihnlar :tutl c:ochlon.r 
orgrmc in m~-:n. 
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3. 4 AUDIT ION r-.nd MECHANO-W~CEPT ION 

Rocrtlling that J. Rhinr; hns indicstod that GESP io ul timatoly 
nrocorJsod thru tho contrcctl norvou;::; nyotom nnd that tho acouotico
lo>torn.lio system 1J:rocccsoc como oloctro-roco'Jtion ~ it bohoovos us to 
stud'r Pudi tion G.nd the mochf>no-roo::pt i vo functions, for it ivill bo ohowr 
th:'l.t th(;ro n.r.:: gonuro.li '7.od rosnonL;co Ql')1Jlico>blc to 011 DonrJory modnli tj 

Tho oon:_; it i vi ty to r.:ound is in fact the L<onci ti vi ty to modhanico1 
vi brr:b.ons not un in the r-ttl'YIO,J''horo. Tho inner oar is tho oi to of this 
A.couutico-mochn.nic:::tl rocontion~ cmd thooo fnrnili8r with 'luditiqn know 
thrct tho mcch;:,nico.l vibr::'tiono oct un nrc rol':'.yod to the inner oar by 
a skin-like mor'lbrrmo, tho tym~or-mu::~ 9 ::mel them thru three smr:tll bonoo, 
tho rn:c:.llouc; ~ thcl incu:J r s.nd tho cJt::1.l)es to the inner e::tr 1vhich contain;: 
both the somicirculnr conalo e.nd tho cochlc)r:., both of Hhich inncrvf'.te 
the oip:hth cr:'lnic>l nerve. It hcts b~;on ohu'.rn 1)y von Bokooy, 'l:·rho 1ron the 
No bel Pri zo for hi:J vmrk, that tho proco:.T:; of audit ion in. ~lud,:;r_; th2t 
of bono conduction o.c; vJoll :;:-c,-:: tho rcs;;onsc of tho whole body to mochonc 
vi brn..t ionc. ~~nd nl tho c>.udi tion i. s n GlJCC i <)~l.z;Jd oonoo so quooterod from 
.spurious vibrr>tions, vJO :Jhn.ll c;hovv l.".tor bo1•! tho vvhole orp:r·m of the skj 
is 0. kind of moch sno-reccptor, tho rcsul tc "l.:l)-plicA.blc to i'dcrmo-o:otics" 
In C'.dclit ion, tho 0 1dn is the ~ito of contact electro-rocoTJt ion,. r:md 
it sh2.ll be sho:m i:ho cimil.<tri tics bot~;ro,_m thcoc; vr:.rious sense mod:>.li tic 

Snocifically, tho org~:tn of n.udi tion ir:; tho organ of Corti located 
in the ~on tor of the cochle8.r snir8.1G. Tho Orgo.n of Corti is (\ l;:wer 
of hnir cells connoctcd totho basilo,r mombrE'..no ::rhich connoc·'n::: directly 
to tho eighth nerve. Thoro <:ro 2.bout 15,000 hrt.ir cc)llc; on the .baoilar 
mombrm1c; r.n0. a tot:"~l of ."".bout 15,000 neuron fi brcs in tho coclun.r nerve 
Those hEl.ir cells r::<.ngc in cizc from ::>.bout 130 11m, Trhich nrc high froquc 
cy reu")onoi vo, to .275 llm, 'l·rhich 8.ro lovr frcqu<mcy ro o•,ono L vo. Of un
urmal intorc;st i.-:; tho.t those. norv:: fi bro~.:; hn,vo affori..:nt nerve ending~ 
tho thoro io no motor function to be found, n.nd in n.cl.di tion tho ")Otontj 
Pcross the hn.ir cell;::; in tho orn:an of Corti ic about 140 mV. Since 
thooo ccllu ~rc a")nroximat~ly 140 11m in length~ the field ctrong~h 
repreocntod i11 the orrrzm of Corti io; 

3.g E = = 1• .. 4 .. ·J.:.Q ____ ~.J. -- = 
1.4 •1CJ4m 

Th~; hoir cc·llo ln th;:,; org:::m of Corti rcL=:w th..:: mechrtnicztl vibro.tic 
cwt U1J unon thorn from the ctrosu-otrr.in r;JrLct ionc> c rmocd by thoir b,Jnd: 
a ho~t oat off by tho friction then otimulr~es, thru thio piozaolectric 
nroccDs, the p:omor;~tor potontio.ls. Of intcr,,ot io th<"t, UT:l to 60Hz, 
tho out:)ut fr,Jquoncy roD~:"lonoc ic: ".n ox:?-'.ct m:<.tch of the: input froquoncy 
roE.monsp. ·Above this :fr•_' Ol.F.mcy D"J<.'JC i.c>1i "'ucl o.rc;2G in the cochlea P~t 
specific di.stnncoc; fror,1 the rF!;apcs l)roducc cornplox volloys roc:; 'J011Di ~Jlc 
for rmdition 2-t those rroqu::ncios. In nddition~ tho throe comi
circulr;.r C"'nf'.ls 1 •JJhich ro.scn1ble thrCJc mut~J.ly pondiculnr half-loop 
a.ntcnn.:-.o, "TC also innervated by cupulae r:md microvilli 1ib.ich 2.1~~;._ 
re:cJlJoncl in :'lic:wc:l:~ctric l')rocosc to mcchr:mic:J.l b ... .mding oct up by chMg: 
in voloci+y n.nd r.cc.:.)loration. Tbcso somicirculnr cqnnl:::.; nrc f'.bout 
1 em in hoighth 9 n.nd thuu mr:.y lJrovidc oluc·':rort.:;c-ption for''J EI'1R. in 
thi "'; liJ,'11rolun{Tth. · · 
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Our intorc:;t in ~udi ·bon r:.::tomo from th.-:;.t .scmcc ;uodr>litioo' roln.tio 
~Jhi"Y) to tho lr'cto· :<~,lis ::wo·: om, but ;"l~Jo from tho f8.ct th2,t nudi tion is 

2, G(moc mod:~.li ty concerned 1vi+h tho fruquoncy rmd th0 intonoi ty of 
tho inninging ':timuli. Altho tho .:.mergy inton:::li ty by vrhich nudi tion 
is m.J?surod is u:·mall y T:fnttc -per centimeter oquf',r,;d ( vl • cm-2) 9 tho 
v::oriouc: on:Jrgy dimoncionD o.ro intorchcmgo~1Jlo 9 lih:c; me tore into foct, 
C',nd it ,.-~ar:. bo dirc;ctly uhc>vm that tho uloctro-ocnsi ti vty thrcohold 
mny be computed. cHroctly from the r.mdi t ion thror:~holdD. ( Cf 3. 5 ) 

Since, P.r: 1r.ro h:-'vo incl.icntod, that n:udi tion io g skin mombr::'.no, 
bone conduction phcmomona, and th;>,t thoro oxi!Jt covor21 formulae ro
lrd:; ing ukin o..ro ~:t to he· ight o.nd mn.ss, .'-md thu ''roportion of bono mo.r:::s 
to tot~l or.o.2.nimn mD.cs, it is not surprising that :'1 mathomntic2.l rolf-:l.t 
ion chip c;xists botvruon nudi tory thr,:sholdo .".nd phy:::dcnl body mo.':tsurom 
monto. ~hston=;on ~nd Dinmond h.:wo empirically uroducod tho follo\-ring 
roln.tionshi ps, Eq. 3. sbo1vs thn,t tho lo11n:st fro quoncy roo;-1ondod to 
is rol2.tod to body mass, n.nd that in addition, the high fr·.:quency 
throchold is a mo.thomo.ticnl function of tho lm'r frequency cu·:;off 
threshold. 

log flow + logmaos (kg) = 2.5 

fhigh = 20 kHz x log flo·w 

Other phys iologicn.l ftG;.lectrJ of r> .. udi t ion illuminetto proeoscos 
rolovn.nt to extra, or as one -rrofos:=J ionnl callD it, ox1Jnndcd sc.moory 
norce-rtion. Von I3okeoy studied tho 2ouditory threoJ.wlds 1-ri th resvoct 
to throe vnriRbles; horodi ty, nge, and ron.l time. He found for inctrm 
thn.t tho nudiogrnms of memborD ,,ri thin e, frunily \voro significcm tly 
EJimil8.r, 1vherens 8D f'.udiogr[lm of somuono not in that famil~r differed 
8..f:l 1.voll cignificnntly. Viz, 2.. uroof of tho hcre;di ty of oensor;y nnd 
-rorcol)tUA.l 2-l.bilitior.> and rec;:>onoos. In f'.ddi tion it \vas found that 
vd th incronsing n,go, tho £'..llility to YJorcoivo sound froquonciou :<~nd 
intonrJi tics 1-·Tr.,o attcmun.tod o..t tho high fro quoncy res 'onno b'lnd, but 
Has bar3icrtlly unchn.ngod i'.t tho lov1 frequency ond of tho Moustica1 
spectrum. Of very S"00C ifie into:r·c:--Jt -r~o perc opt ion vT<l.G von Bokocoy 1 s 
obscrvP..tion of tho follovrj_ng. Audiogromc ':mro m.".cle of oubjects 1 

throchold uonDi ti vi tics nt two f1~uoncioci, 200 Hz rmd 1000 Hz 9 and 
observed for n duration of tw·onty ·minuter;. It ·Hn.s found thn,t tho thrc 
holds vnriod 5 to 15 db with poriodicitiec of 8 minutco for the former 
:Jnd 6t minutes for the lntter. It vrould Drove to be highly illumin-
0..ting to diccorn if onch frequency hr.d ito o•m pcriodici ty of thres
hold ooncitivy, for in nddition, periods of 8 minutes ~-md 6t minutes 
nrc in effect frcquoncioc; of 1/480 oecondo rmd 1/330 oeconds, f:illd it 
io \•roll domonntrnted th:>,t higher froquonciec arc h?,rmonicc of lol•ror · 
frcqucncie'J, f'.nd uo may summizo ul tra-loi.v frequency modulz.ttion or 
driving of hi[;hor frequency r..coustico-mechano-oloctro-oonsitivitios. 

In thir; ::oction -vm chnll obuerve tho vr:.riouc rooponoo cho..r£'..ctor
isticr..; of tho auditory system in order to ostnblish tho limi to of tho 
onorgy norcoivod. It has boon adopted rts convention tho..t the root
me211-cqun.ro thresho1d for nudition is 0.0002 dynos•cm-2 n.t 2000 Hz, 
tho foquoncy of highost sorwitivity. Ho~:rovor, von Bokooy hr-ts observoe 
soncitivity throsholdc of 0.00005 dynos.cm-2 at 2200 Hz. Therefore, 
\vhile HO r;hall dic;cuc:u stondard o..udi tory throsholdo, but o..gnin tho 
ron.der is cn.utionod thr:.t tho demonGtrn.ted humnn porcoption throsholdo 
mn.y vary c.s much au 5 to 15 db bolovi tho 507~ ponul::.tion ctm1d2.rd 
threshold. ·· 
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Like tho oloctroroca"()tivo oonoas (ELF~ infra-rod, 9.nd vision), 
nudi tion in c.:rgotonic, thn.t L;, its ~Jan:.;i tivity of energy (ergo) is 
n function of tho fro o_uoncy ( tono) of tho im'')inging :::timuli. Alco, 
1 ike the olcotrorocel'Jti vo ::;one; a;:;, 2.udi t ion <Jhouo tho ;::>rorJcr-t.y of 
axcitory And inhibitory rcsY)onoc. Thnt is, moct ncuronr; hcwo ·:t tnoo, 
thnt ic; o ot•.tic di::-;ch2.rgo rf"';bo, ')0 thn.t ~ ~·Ihilo oomD ctLYJ.uli co..ucc 2n 
inc rc~ :1.so in tho n~)ur c:.l d i ~ ;chf"'.rgo r .,-::;o ::; , r;omo st ir:ml i c ~.ur.;o rill in hi b i tic 
that iu docrcn.so of tho ot~tic dioch~rgo rn.ta. Thio is R very intor
o.:-;ting .c-1.opect of .::.;onr..:r'.tion nnd porcc.mt:ion, for tho vcrcipiont r:mr.:;t bo 
m.rf'To th.:.t tho informrction ic "tho c:.bscmcc of informc:.tion, ", or to put 
it crudely, tho pare i 1Jicmt L_; required to be m-T.".ro not of tho d~mut, 
but tho hole. · 

Figure 3.13 bclou ic tho oft ro;nx·,tlucod nnd nov r>trndnrd rmdi tory 
int;:;nsi ty-frc qucncy n:ononso ch2.rt. Tho sound pressure laval if.:; gi von 
in dync;rJ•cm-2 n.nd Joulcr; -par Dqun.ro motor per second on tho loft hMd 
ordin".to Md (tclft".t i voly) Volts lJOr J11otor per sqwwo root of tho fro qu.-
·nocy (V·m-lHz-2) on tho right. It i:::; convoni,mt to usc J·m-~ soc-1 
rr.thor thQll Uatts • cm-2 boc::tu[:o ~do should like to be n.blo to c:".lculn.to 
tho energy in n given frequency 1vnvoform. (,Soc tho noxt r.;oction for 
convarcion f~ctoro.) 

Figure 3.13 Auditory fr,;quoncy--onorgy throohold reO'JOllSOS 
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AdClitionn.l ovidanco for tho coding of sonoory informntion into the 
EJJF bn.nd c"n be seem in Figuro 3.14 belou 9 ·uhich cho.rtrJ tho frequency 
of tho neurnl imnulooo in rocr)onoo to r-1 given stimuluD intonsi ty inl)Ut 
for neuron;:; with froqucmcy-cJnocific rosnonsos. Notice thnt thO: hyper
bolic t:~n&cmt (t;cnh x) grm:th rate ,:;n..turo..toc; n.t o.bout 450 Hz. 
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