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FiB. J. Time-.ôurse chalges in EEG amliitudes befoie, durine ând Iôlldling microwàre
eilo'L P

ever, the difference is thal wiih such drugs the h-vlerstimlialior irâ§ sLrstâif,ed over
long periods of iime while with microwàves it waaed and ÿaned.

The behalior of the âdmals durins the periods of 1o\ÿ EEG amplitude anc variabilitv
wâs mosr unusual for rabbits. in thal they exhrbjted repeated heâd movemetts, süâ!ch-
ng. grooming, and ullcoordlmied locomotor aciivity. In fact, it wâs sometimes dif_

ficult to keep the animâls in the chadber atrd some experiments had to be termimted
eârly because the rabbits repeâtedly ùnP1ûgged the cable cornecting the electrodes to the

recorder by thejr vjolent jerking movemenis. In the eiàmlle presented jn Figllre 3.

ihe animal \yas in a catato c_like stâte, with fjxed gue and â frozetr poÿure

Averâgi.g the 1at€ncies for the occuEence of arousal did not rcveat atrv significaût

relatioDship with the power deûsiay. Howeler, the duraiion of eou§âL computed bv
cumùlâdd all the successive such perio& for each experimetrt, indicates a possible

dose-ielàted ircrease. For 1.:14 mw/cm, the duration of ârousâ1 wa§, on ih€ averase,

of 240 i 75 5 while lor 2.E8 mw/cm,, the dlùation â3 of 768 t 78 s (niæ ex'
perimeÉts id oâch casq same totâl dposte time. nâmely 5 min.). In rhe absence of
miùowaves, the mêân cllmulâted âmusâl time wæ 75 a 12 s (12 expedments).

Although we have nol been abte to obtâin direct measurements of the brain lem_

Derature during expo$re, ii seems doubtful thât the EEG and behavioral effects could

have resulted from a thermal chaûse. In a ùmber of published report§, ii has been

well demoDstmied that with power dedties of 0.7 to 2.8 m\:r',/cm'z there is no dctectâb1e

increâse in brain tempelat re Furthermore, orc of tbe most strikjng feaiures of the

microy'ave action has been the latent period foloiving expo§ure, before over excita_

tion. It is difficû1t io conceive of a delaÿed thermal effect. The sâme egnment cân be

used âs far as pâin is cotrcemed. If ihe excitatory eflects resùli from â reaciion to
pâiD, one ÿroulal have to âccout Dot orily for the lâtency but also for the dose_related

ielatrolship. As â matter of fact. tÿ/o experiments were run in which morlhine sufate
(1 ns/ks) was substituted Ior pentobârbitâL the ndcrowave effect was as pronourced

and as lo.e lâsting. with similâr latent occùtence.
We do not have at present any direct indic.tion of the mechânism (or mechanim,

of action of miüowave§. Hoÿeÿer, there is a strikins rcsemblance between the chânges
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observed âfter âdministrâlion of microwâves and those Produced bv acûte injection of
naturâlly occ!ïins compoùnds modified chemicalv to coEtâin stâble free Édicâls (1)'

\{ith such compoùûds one find§ a \raxing ând wmins Ôf excitation_sedâtion pêdoô

and also â late;cy between admini§tration and âppeârance of the ef{ect This raises the

possibility thai ;crowave erçosùe pro.luces or enhance§ the fomlation of free ra'licals

iiom n.turd1t, ocerring compouf,ds in the brain. Ii is ioteresting tbêt the effects of tuee

rÀdical comp;utrds ue preseot in spite of adreftrsic blockade, dePletion of câtecholà-

mins and ;rciolrin. as \te]l as cholinersic biockade (2), which sr4sests a mecha sm

differeût from the one exisiing under "classicaf' stimulatorv actioN'

In Jhe colrrse of the experiments repofied' it was Ioutrd ihat the microwave eitects

a,.""**a wfrer Lbe 'etari\e SLnidiD reached or c).ceeded rodo' lr ma) be hcl

",,1-l.i- .r he sa\e' 'ûotgh me tur i" inpaired itr rdbbite $hose lo18 h"ii:

-" i..*, . a.lsorb reater' Füther exPerimetrtatioû i§ Planned in which ihis envi'on'

mental fâctôr wiil be controlled.
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PSYCHOGENIC STRESSORS ARE POTDNT MEDIATORS
OF TIIE TTIERMAL RESPONSE TO MICRO'IVÂIE rNN-INrIrrOIq

D. R_ tustesen, D. M. Leÿinson and L. R- tust*en
Lâoordio,:es ot I , fcrneq-,r, \cr,op.,c, o.og. , \. eræ. Adm,oj:trâ.,on Hosn.r"lK"n.a. CiD, \ti...rri, t s.\

'Ihe dard o".e\erut receot hrxdiês ha,e (onr,meu ob,enaüoDs ot ao.iquir, (Jr rharemoùoDâl arou\èl iD marnrais n parare.ed by x ri.e of remp*,t,_ i" ,t"-"i.".r.,i"
l,ody. 

Ao ehvar:o1 ot cotonic rerosar,-e ro one deeree C".,i* _ -.*;;;".îbe à1 in\d:aor reacrio! oL rbe coD.cioF adFdl .o ph)ncarti DoxioJ!.i.j, ,i, ."phr\cdU) ber ig-r {rnul rhàr âre ,-" ,. ,,.," *r...; ,l. ,r.';;";",".,:;,i;";,;;
:r.ir:_""i:n hde repearedl) beer 1..oLia,eo *it-" ,",,.",;,"", ü; ,il:":";l:;olemDe,dl, -e dppej\ kirhio J feu secolds dnd. ;r ,he e,ours " -,]^ L-àr'i..rdurâtiôn, usually disipates *irhir one to rwo minu". .ir;.".r"à n,*îü. ,il i,jt"ioi f.o(e.r fbe,mo(oton'c ResooF.e rpt.Rr ro rhe re,cioa ,",t ,."_.i, 

"r,rï",,=rt as an index of tbe abrltÿ of smalt hâm;,tdeô\iics. § to delecl mjcrorave energy dl ros rr1.

_ 
Because rhe ETCR is a new concept from the standpoints of arpiicâtion, iDs1nmentatron, md meâsulement, ,ome justiricâtion ard $"r,r;.tr". .r ;ii r,"'.i" ."à.î"r.,îway of justificarion. ÿe rote, first, rhat rhe beh;o*r *a;",", .i""n-"" i". i"Ë,_i"riiperceptual sensitivity ro exoric stimuti _ the Ii..-",* ", """0, 

;1,.e ü;., ::" .,,;,:.' :#::::::i'::Jiî,i'_î1,,:ff:,o,\ q, J r,me coD., nrjFs nôen L,rre rlnber\ or erpe.,r,error a;o;"il-,_ ài.,li,"j.
'ed. second. ü< leLroph)\'ologicat irdicJnl ot coo(( ,ôr !atjÊ ,";r,;, i ..".;.;;;;a ùô-e..he e tec. roe! cepdJ losran rrrC,. hc, relened - ,i"t,i"""t,-*A." L.î,trrobJb'\ ',rde.e \edr\ .o, ,o rre r"d,obioiocicâ, t"b".".";;.ï;;;."; l.:;"]..;:;,i,'i trd\\e .rJ acr:ve ii c-a§.oo\ or nnc"ou:.e ,,e.d. u:,t ibe *"01",. i",;. .i"i.on.c, rbe § ,tor brc'n otcn ird!.a,ed "Jbe.1 n. re. ,o. . frcbt".n ;.; ,, b;
i"."ii ..,o 

-e_,,sr*, d0,rd.r à/e û-,d,d,cd ,, ,,." .,.r, ,.j. -,r,,..,ir",ài"q,,,-..i.. .east. arJ.tLicU) obrrioed. tj rat,e. u.c of r \mdx ,.O""U," rr;"..er.or shjLS cd1 De rsotarefl e.e(rncd,tj rlo.r .he dormr,. .h.F p*.,,,ti.* .,;.i f,u",
:l__l.lll. b. de.od,hd ere,g). rûe po*b,r,.. 

"r 
p,..r...,,,.;;;;;"",,,;r; j"j.,.

ottcnperi.,re ccD be .,o, e.r becd ,.e ,oe r r R . .:r " , rt,;;, :, .j,,;,';., ;;l;ibe.ob(e-.eo qel. 
"".er ir?J;rr u. o. Jl e\pefimerra. ..,n. ;._"._. ,",r '' " '

\Àt shau qr aJry rae .t I .R ;n ,.,", o, o..ir.., ,*"",,r .n.*.."-,., 
". .r ,1" ,_cÉ\ .rh.rqr -ro unich \1e h. \e s.Jen ræ no\, crielùon r b.-:;;,,.r; .",.l;;."":

ot perameric dala js ,tiven in rhe firqr ôf rwô ,
,',Ë o,r,* .^p" :.",, ;.;, ;: .;; ;,:;,' :' ïT: ; l ::lii: j 

",';:,i.1.i.,."j:J;;.lrL,lJr'o.ânobla.c,o$dveirrcdrdr:o".tnho,tre.pe,ireir.*",,,I_,rr"#,.'"i,i.,
rats of sp*sæ-Dawrey tinease. The rar _* *r"a"à r"i i."'.".r"-î;;:1ffi,::,::merr!; rhe femê1e. because she lacrs rhe elaborate *,".t;;";;;,;i#;i;.:":::_as â thermoregulator in the male\ teslicula" 5n
to rre r,.s" 

";bn ; ;;;';;;ü;ffi;i''#":lI:J:,iii:ïËii,,* *,-"*
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Experiment 1

Aüns: 1) to determine 1c roflq Énge, and variabiliiy ot the ràt\ nociurnàll\ ând
âcutel,v mea rcd colonic temperâturei 2) to detcrmine whether averaged temperatues
diifer bch\een a mâls çhich are manuàlly hàndled only and those shich àre also
conconitantly {bjectcd Lo therûal mcaiurcmcrti and 3) to determine ihe rate âi which
a handling-evoked IITCR is hàbituàted durirs a series of hândling treatmcnts.

Proccdure" Eighq. rats which itrdividxally weighed ireiween 250 ând 300 g vr'ere obtâined
h a comnoù slilrmeüt on 11 ,\{arch from a local suplller. They ÿcre placed four ro
a cage (2;1 by 18 by 13 cm) in a wnldo$4css vi!ârium iD which amirient iemperature!
and rclâtile humidilics laere maintained, respectiveiy, betlveen 22 and 26'C, and 55 and
65%. \Vhile in their cages, the râts hâd unrestricted acccss to Purina Lab Chow and
§,âier. Âû automatically dmed,24-hour cycie of dùl<ness and fluorescent illumina-
lion $as maintained ir thc l'i!Ârium, th. dâ.kness occurring from 19 | 00 to 3 : 00 hours.
E celt for â dàil_v cltânse to a clean cage, for daily repletrislment of fcod and §aier.
and lor punch.coding of rhe ears on 13 July, notre of the rats wâs physically coniâcted
by hunan beings !t]1til 20 Jul,v. After rândom division into t§o numcrically equl
s.ou!s, .li 30 Ets Bere indivjdualy hatrdled by oùe oi us (D.M.L.) for :15 io 50 second!
ea.h dâ_v for slx conlecutive dâ)R. Handling laas carried out beNeen 7: 30 ând 9:00
ho!{s durjng the Éti noclùûal pe.jôd when they \ÿould normâllÿ be alÿake ud active.
Temperâtü€s ÿere mcâÿtred each day in cxperimental â mals bur of,ij, during the
lùst and sixth dâys jn controls. It sas necessary to iluminaie thc vivarium during the
perio.is of handlirg so thal the aùimals aûd recording apparatus coùld be visualiz-
ed. Thcrmd mcàsurcnrc.t sâs mado by picking up an animal in â gbÿed haûd sith
the major axis of the animal\ body held iD. vertical posiiiotri a lubrjcÂted thelmhtor
lrobe (United Systems Mode! 406), which was held ih the olhcr hand, was then inseri-
ed past the anima]\ âna] sr,hlncter jnto the coion to â minimùm depih oi 6 cm. Ëach
âûimal râs held û the same, nadonary positioE whether or Doi measurement ol ten-
perature $as mede. Stàbilized readings of temperature àller 30 scconds of insertion ot
lhe probe Fere irdelendendy reàd by the hândler and by another inÿestigator from
the digilal dis!lÀ]' of a precisiotr elecironic thcnnometer (United S]siems Model 1502).
After mùlual concurrence abont ihe rcading hâd been reached. the second inÿestigÀtor
recorded the ÿrkre! ir.. è iog bôok. One experimental ânimal and riro coltroh had
presented s)mptoms .1' pùlmona.y dlscasc by the sixth day of treâtmenti âlrhough their
tenferaiures w.re ciosc to normal, then data ÿ€re excluded from the analÿses that

Results âùd.oûtrtent. Colonic temleratûres ôf lhe 77 rats sere penistently varlàb1e
(Fig. l), showins â rânge ol m$e than 1.5'C on câ.h occasion of measuremert. Thc
decline in a-re.àgcd ie.iperalucs bct\ÿccn the first ud sixlh dâ,,,s ÿas smaller h er-
per:ire'1!a1 rats (0.74qC) ihan in controls (0.92'C), but nor rcliâb1y so (p >.05), rvhich
coDfirmed our subjectile inpressions thâi rhe nàive ral\ di.tres upon Lreing hândied
is nol noticeàbly aùgmented l,) lhe concomita]rt protrins of its ànus and co1on. The .le
cliDes p.r !. \yerc hisbly reliatrle for both eroups of rats (both p <<.01). The lerse
dàilv inieÈjndiÿidùàl ditferetrces of temperaiure noiwnhstanding. ihe high rejiability of
the declines indicâter a marked degree of irfra-individual stabiüt), of temperature in the
do$11ward tr.Dd acros tine.

A rnajor jmlli.ation of the dala is lhat even the miDimal and bcnign handling rhat
sas necetia4r to obiâin ân a.ute measuremeni of colonic tcnDcrature resùlted durjng
rhe luiiiâi ireltfteni ir an ËTcR of ân averâged masnitude + 0.83oC
lraaoiateC iiom the àveixgcd 6-.iâ1, dccrenlents of borh group!. While hàbituarion oI
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39.5

6
ORO]NAL DAY OF MÊÂS'JFFMFNT

Fi8. l. McaN (ci.clcs), !1uÿand-ûinus standard deÿialions (heâ\.J, lenicat lires), and nnEoslish er \.nicd .rt. -ea.ured .orô-.c renre.J ,,e\ oI ro c jre. _en,"t r. ;-.ed cir. e., oDd 18 coD.-ot rn.,open circ,e.r. LD,ire;rd nd .",,.. 
_ 
,,: .,;,'. ;.:;;ha.d.ed e-ch dJy ro. . (,or.e-. i\; d-... n-i" o,,he.rne. *,., e,;,!,".";;l'.;;_{y munred for remperâhre dùri,g ali sir aays, controi *r.. .o À. rï.t ;;j d.rr;-,ü"o,1y. rem!-aiùres qere meâsured when rhe ;.rs ÿere a.5 ro 6 h""; ;À-ilD^i;_ü;'dârk- phas of âa artilicill 24-hour drrklisrrr €yc1e. A-bt; i"-p;.;#"";;;,",;;i:iôf the looil pàe.e the mls ÿèrc hôûsed,wâs- ,3.laa 0.s6,c a;;d-À;ïii.,r, ,r,"",iii;:

!erât!.es ÿere measured.

rl-e l.l'.R .o handtrB $d. rdod. oc. rriDg $,,1.D ,hc .û., rtree hd rolrrB ,reJLi,.rr.rû e\Trnùrdl ânr.to §. ÿe J'\co\ereo §ub,eqLen ry r\d rhe ev og!,,h;d ;i^R .:
'ead 

ÿ d,.inhrb:red. ODe $ee( . rer rbe slrlb hatdt.og r-e"l reor. ,t" ,,"; ;: ;, , ,.."lneeled in their cases r.om the vivarium ro an adjacent taÉoratory: il;;;;"j;
]l,::':1,"ï:,:,0, n ,r.e .-e hu,'d,ie. Erel rhouÈ, ,e.rpe,â,üre. 

"".; ;":.,;; ,j,rhc\ a\.-âoFd .ri"bit) nore .han .lr)"r. tr o1- LJtell-.j'. d rhc babira.(J .o.rffiâI ;"* .i.* rdr,. I \ oLtJ ,p"* ,r", ,1" ,"..icomplex.of vestibutar, !,isua1, and acoustic stimuti that \rere 
""";r:";;ù;; ir* ;;;resulted in an ETCR whose magdrude exc€eded i.5ôC.

Experiment 2

A1m:r ln_m eartier srudy (6), we hâd obserÿed that a modemtety thermàtizing trutr,'n-le,hat do.e or mic o-ave ere-sy and a pore0r bur lon-terbai .,e... ,ri"a ,
rcs,râ nlt ÿere .orLrr e" trLhal to- Lbe râr sheû aDpired ,D .omboa,io1. Ihe re\u 1,,of the eùiier stud_v and of Experimenr I red us io quesrion ilil;.;ii;.';;;;:
of micrcÿa-ÿe enerey ând a mildly aversiÿe srimutus A*iai" "r*t 

i"rr .ii_ri"ti"" ,,-r'1;;eer\ roJd: t. $o\e corDdraote fTêR.s: rrJ 2) bc addir\e "h"" ".;lr;.;,,:,hrespeft to rnacDlude of the ET.R.
P.ocedùre. Forty-five experjmenrâIv nâive rais, which âveraged 303 s at rhe timeof e{peril1]etrtariotr, çcrc obraine.l tu;m the tocar supplier ani ;; fÀd ;"';;.,\â,iLr. four rô j ..se. uhie rl ,oeir cdse\ rte r"t5 h"d c^r.joJor§ *.*.,.,."jnd saler. f.r' rd' k!\ Lrrdtet tor r r,1/r m ot .0.ecold, b, .r Lrrjo,LJ

invesrisator for a toial of ejsht times dudng a perjod of four weeks. rj*;rg ,i ,1Jionr \ÿeeks. the r.ts were moved ro rhe adjacent taboratory on ttrree difrerent"occarions

eFrêc.r-s { Heat-rt pAe^È§s
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sle-e lle\ §e'e 'e.'r h-rJel ald '1en coicomrrdlrr. re'. 'eJ to_ .er|e: 'r'e
while they were âllowed to explore \ÿithin a multi-mode câliiy (6) which wa' beins
operâted on a "siandby" bâsi§ (Nlthoùt injecticn of microwave enelgy into the caüiy)
The remperature wa, measured by â cüeiuily caLibrated thermistor which had been

encased (excspt for its epox-v-covercd extremity) along \rith its tightly twisled conductiÿe
leads wiihin a i-meter leûgth oi flelibie polyeihytetre tubitg (outside dimeier: 2.+mm).
The thermistor-ànd tùLring âsembly sas inserled through a small hole in tlie grllle

of the door of .he cavityi wiih the docr unlatched. the thermistor wàs then iffcrled
inio the colôn of ân ânimâl to a midmum deplh of 6_cm. The thermistor wâ! held in
place by fàstenitrg lhe tubing to the tail of ân ênimal bv a smaLl srrip of pâper maskins
tape. lÀIhen ihe door to the caÿj§' was latched, the ùimèi within couid be lisuâli7'ed
thiough the erine. Aii of ihe animrls dùing the period of habituation to the inert
cavity ând the subseqüent period of expe.imentation we.e closelv obser\ed (while

lisht tension was maintàined on the tubing) tô preaent them from chewing ât the tube

and interfering with thermal measurement. Wjthin the cavitv \ta§ a Plexiglas chamber

(inside dimensions: 3i by 24 by 25 cm) vilh â floor-srid vh;ch wâs used to supllv
ihe faradic stimulâtion to the feet (7). Fresh an at 22 io 23'C and 50 1l] 60% relarive

humidity ÿas continùoûsl1 circulated through the chamber vith âo estimaied fLow

rd,e ol 2 8 cLrb c re'.^ !e- fl;o- e.

The nominal ftequency oI the magûeton'gef,e.âted microÿave energ,v thar {as
injected into the ü]vily by a lvategùide was 2.:i5 GHz. Ihe enersv wâ§ modlrlated as

a hàif ÿare sinnsoid: Dulses of approximâtely 8 ms eaoh recuÛed at 60 Hz and were

mechadcally mixed by a fouFbleded modal stifer that roteted betNeen ure waleguide

opening and the Plexiglas chamber at 3 Hz. Dosing eslimate! of absorbed cnergv.

which wes calorimetricalty determined (6 8), are given ifl this paper as everased (rmE

lalues, bLrl mâximum peak ÿahes !i deiermined lrom oscillograpLic tracing§ ol probe

detected demodulated energy were 20 times greater.

The ,{i rats we.e rândoml-ÿ a§sorted in eqùal nomber§ of fiÿe each inio tlie ninc
posible condiiions that resulted trom the factoriÀI combinaiion ol rhree leve1s ot
microwale dosing $ith three ioÿel§ of intensity ol fàrâdic foot shock ThÈ three le\'els

of micro\ÿaÿe dosing, stâied as lotal-energy doses in millijoules per gram (mil8)
were 0.360 +18. and 1800 r90 mJis. The rhree.ms inle ities of farâdic curr.nl
sere meâsùred xr 0. 50. and 60 ltA-rms ÿith reslectjve maximum peak_tofeàk jtr

ieDsities of 0,450. ând 700 pA. The faradlc current tas of a "grev_nohe" ch.racicr
rÿi1Lr a dominâtrt frequency near 1_kHz and neeligible energv eboÿe 5tHz iiach
rit received a successiof, of thl€e challenses, eâch of ÿhich includcd a 60 s period

ot sham or ectual irrâdialion ÿhich overlapped a 1/,-s perlod ot sham or aclual
faradic stimù1atior. The latter pericd commenced 50 seconds after onset of the former.

An aperiodic, 30- to 180s inrervàl occurred beôveen challenges The sttrbilized balal
temlrerâlure ot each rat was measured and recorded beiore challcnges were beeun

ând then the peek of lemperatùre during the 30s lcriod thai followed each pcriod

of chellenge iÿas obse.ved and recorded.

The "1ower" and hisher" (as opposed 1() ze.o level) dosing Yalucs of rniÙor'Àle
irrâ.liation ÿerc based ûpon dose.raies of 2 aûd 10 milli§âtts per sram (mwi8) The
!\ÿo dôse râtes resDectjlel-v co.respond to threshold and highl), salieni ercrgy lerc1s

ÿhen mlcro\aâre cnersÿ is used as a sensory cue by rais in our càlit-v_svsten in
meaÿrres of conditional suppression (7, 9). The "1ower" âûd "hjsher" intensities of
lèradic current scre bàsed upon §lrbiecrile reàctions by ùs when the lhock
wÀs aùninistcred lor 1/" s through lhe finger tips: the lo$er intensity §ar jusi abore
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the absolute threshotd for sensation while the higher, in spite of its modest jncrenienr
of energy over the lower intensity, was decidedtÿ .11nDhâ;1.,,

Resûlts and commcDt Each of the rhree ET.R.§ of each rat wa! câiculaied bv sub-tradins the animalt bÀsat temperature from irs po., 
"h,lr"rc";d.;l;;;;;r"".;;;all e\c(or rhe ,drs of rl.e coJrro. con.t,rioo,/ero mJia ror..e"o ,." .,."k;;";;: .,,a \ îLâur I red. rncrem.rjiiC ot m"C1i rd F I R., ,a-h c\c tert..

Ttaa to^.o :.
D0., 0 ÿ c0,4Àr Pqa ^t otr

,n. {\e .rd ô,.et,,c,.t,,c. of. e J.o n. Jtcr.r( m. .h..'' ao beel I re c..n."o \:.0. a. ô te-ot o" ùl]i.o _.4r CH/nhtuv:.. , ,,ri.ô 0. l. or O -\\ s, ,rd or l].q .o I J- r"o .t"-r ,ri ,n',î,. L-.. ri,rl. de..:ncd "., Éd con."o . ,.r" , ". ,i"",cûibired a mlrimùû âreraged clcÿalion ol -fO.O6 .C.

:.1"-l:!ï," L:rh k$ s.!fr on, bj dr "Lrdir.oiâr 
.o.red,e 

^, r,e,r.r, nperarue. ros lox ) I' e re.en c ioD of ,he JJ a. se r.noF ll_e ,..,cge.l , ,rAniL roe o- ,he r_ r n.rtucb orL' -r-n a,e- rl.e ,rüd rând Irâ., 1hâ.e.g-!l ig. lr. A ta.ror:r1 xndt\rs.,.vaxrarce reÿcated drât irrâdiatior ând foot strock, as indefendent sources ot 
""ii",i"i,l e-:- 

I,eh_\ rc'rcbre ,risse-, o ,be p r R ,h.. 1 r -,J,j.. -". 
". 

r:";-r; 
"."r',";;'"1,D<,ulr. Irre î'e-.c' oô or;rcdrrt or arJ roor.t-..k sa 1i\l -rd.rô_ i.,tar tand36 d. f.: p > -05), irdicâting rhat rhe rwo cr$§es of .\tjmuri,. l; "-rbi;;; ;Ë;Frà\Ledno.\.1-gi,edJ ÿere\'not\adù.i.eu.r.r".."",,";";;.,t.;;,;:;;i:

tude !f rtre ET,.R.
For pùrposes ot providing e.lürional conrrot dara another facroriatjy controtiedn, dy u"c oe-tormLd. toür .Jo:r or:r $oup. ot ,i\e r"r. *ch. 

"X .nh ; ";;-cape,'r enrét q\1on colD,zble .o or t.\Der.ae11 2 $ù" ,;,""
'te sl--m alJ "hjere'" rred,Ter.. o, ,rcdÈ.,or 

",1",.", 
.."4- i;..;,;";..:;;dition! repticated ihose of Eryerimerr 2. excepr rhat,r* r"**- r",a 

"iL,"àïii",ênd of foor shock_N6 omited. Thlrtÿ ftimres prior ro rhe ftst ;t.[",_. à"î'.îi!ÿas dosed with a h loric. sodirim Denrôbârbitâi (intrêperito.".ny, ji;;iiJî"*
otrneà.er.È(o I I R'otite rou erôLo,c,cecoed. 0.fu a,a rJire$n.h,rnnnr .,r", | É o.. , e, ce o, a1 r.rcR \ d coe-i.i,ery n." ","a..".. iiiir,î, ii::*,,:" i'IEel' _r) ,ÜJ_.er:'c u. ,h.,. ",,r 0"r...,rJ L iqrrc\e-ireotrer,,L.Jc:il\.ta,.oîeroq 

"r.*.-"_r".*". Disssion. our rindinss conrirm àrd *iend ;,".i i,.,Ëriôi.,i,ii"i'"iii,".*".!bJ- re.o. rïn (,eJ o, .r r o".'eL,o.i.(- narù ar e\,i.,r. rr\ e,. ot J | ; r;body ienncrc rt: 1rdc, r, ir..r - .en ...1 , .. ,,.; or',i-"';_"density of EM ener$/. We ùe not cerririn ot t" -"",,i"g "i r_si""r*;;,ü"'ï;:
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Pslchoec ic Str.{a aL P.n lt MeàiatùN ol tht) I h.r,r,l il.tP. it k, üi.rdÿdre 1-9

"...direct action of UHF'energ-v Won the highe. nerÿoxs ceriers..." k inplicÂted bv liis
îindires. Ii he means a spocific eflect not elplicâble in terms of thermaliation of tissues,

we \to!üd rakc a consenaiive and contràrv ÿiew at tLlc present iine. We argue on
grounds of paNimotry_ lor a. exPldaiion baled ulon non4pecific (thernul) stjmulàtion.
Perhâps â fainl sensation occurs h the iÛâdieied animal that À attibutive io or derjvâ_

tile frcm a slisht or uneven waming of innerveted rissues. T[ so- minuscrrc amÔunts oI

energy coûld be trÀnslated inio a potent p§vchogenic stresÔr. The stressor could ic
thât-is, a signat of peripheràl orisin that onlv secondarilv stirs the ceniral nerloxs

stsiem to jn;reased acliÿity and has the tertiàrv coDsequeflce of eÿoking the lràfllieni
h-!!eirhermia tlEt we cail the ET"R.

There is a Nidclpreàd as§umption, even amcng mânv oiolÔgictrI scic'llsts, that lhe

body temper,rture of the mammal is targelv invârient. While small variàtions are

*".e"]^i - a noimal accompaniment of circàdian and ÙLtradian rhvthms, and lârger

vari;ions. ihe result of pathologicâl conditions. relati\'elv little aliention has. been

eiven to the fâctors of indiÿiduâ] differences and cognitiae jnteràctions- The dalÀ of
Experimeo I relealcd thât mammàlian bod,v t.mperetures - âi leasi those ot rats -
arê quite rârjable from dimal to anin1âI. e\ttr ir ê controiled eNironmeni' The dàta

of eileriments 1 and 2 âlso reacâlec thàt bod)' temDerâiure is reliablv ele!àied bv

seem;gly thysicaxy benigtr elenis trv handliDg. bv chânse of §uroundings bv tâctile

srimuiâiio;, bt, e setk faradic .ùtrent. and bv iûadiation bv 1ow aleràse dcnsities

of nrlcrowaae energy. The finding thât the combined appllcliion ol miÛowâae iÛa-

diatlon end noÿe1 tâctiie sllmutètion ls àddiiiÿc with resPec! io the magùitude Ôf ihe

I I R \hrllJ be - c"\e.r ro F r-oio :.log t \\cle fe r' sr.T'l:'ro 'rh D'^ble''
of nr. . .".," ro r..Je13nJ r\r ' ]e' .re JU a"ourded u' 'Ù'c o'

...-..""",."r," '. lle .r.idor. 'or boh prob.er'i' - uo'o r'' v elr 'or ' 
j"ed"' 

'd ' 'l
-".-rr"r **ri.,". r,or in shi.l- ïoaror '8 ol r.nfeê'ire' "' "'ê!r '"-dl
.ubje.,. r. ro r' .e n'.e . Lr r' âr 'nr- . ;\e.

our work *as nlpforted Lry 8200 Re§eârch Funds from the U. S Velerans Adnrini

sirâtion, by û)ntract 5$nds (DADÀ 17_68 C_8021) lrom rhe SÙrs.on General, U S'

Àrût,, ând rr! Grânt irom the U S. PubLic Heâlth Serÿicc (1_RO1 RL000678 01)' \\'e
thaDk M. Ëaisky. ji. Clarke. R. ]ialse,v, R. Cohî, ând M. Gardner for â§isilncè ànd

Profs. Ed\ïàrC Wikc. C-haries Sheriilnn. ènd Roland Fische. for adrica 2r"riticisn
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SOIiIE EFF'ECTS O[ \,âRIOUS PULSED rIgI-DS Ol'I ANIùfÂLs 1TITH
AI]DIOGENIC EPII,EP§Y

I- itÿtuk, K- Mdtht dad G. PaJka|a

lnstirute ôt Aÿiàtion Medjcinc, Pragle. CzecloslJ\âi.ia
lnstitute of l-\giene and Epidcmiolôê], Pr.gùc, Cze.hoslor.âkia

fhe problcm of biolosical effects of pulEed modoièted waves has not been dealt
$iih consistently in the literàtûe. It is not cleâr. for example. \ihat is rhe significànce
of rapidlv occûring. lhor!-Lrÿils, but pronounced chânges in the momentary. high
peak laluc oI the proler SHi-cùrier wave. In other words, rhe question nrise§. to whai
exlcnt the carrier modlrlaiion coltributes to greater tJiolosical effectireûess of putsed
fields.

We attemlted !o sohe thc problem Lry com!àring the effects of electroslatic pltsed
r,eds. 1(.o$"\c pj.ed. e'ds ald c^r'r1-ôr\ 1eld\. r fr.ge. i, r4:. "rd n(e $i'h
an inheiited trredisposiiion to epileptic seizures afler sound stimûlation ôett) were in-
vestisated ir clronic experiments. In the fir§t series rhe animals were erposedro a pulsed

The presert communication presef,ts results of the second series ot experimetrts ir1
ÿ,tuch aninals were submitted to the âction of â pulsed elecrromagùetjc fietd. Thc
mplitudc of the electric componen! oI the field corresponded to the erperimenral con-
ditioùs in lhe firs! series.

METIIODS

ExperimeDts werc lerfolmed on 40 rats reactirg \rith epileptic se;xres to e sound
nimulus. 2.1 allimats {ere ;radiated ând 16 served as controls. Starring with thc
seco.d dây after birth. the rèts \{ere submitied fü .l h to the acrion of a pu1§ed etecrro-
mâgnelic lield dê;ly lor i0 §€eks excluding Sâtûrdavs and Sundays.

Thc rats $er! placed in the lield of clectromâgneric rÂdiation in perforared perspex
bor<.. Tte fo.iüol ur i.dr\'dL" rJ.\ d"irrg cor)ecuave e\po.,rer wà\ chdrged {ep-
wile in sûch mânner âs to irradiâte the animals e!e!ly.

Durins iEâdiatioû the temperature r\'as recordcd conrinuollsty in nvo fixe.l troxes.
Weighing of the âdmali was done weekly srartiDg irith the ,1.!h postna!ât week.

Teÿing by means ôf a be was performed also f:rom the 4rh week of life onwards
once a week, 6 timcs alroseiher. If âfter 60 s ot uninterrulted ringing there was no
charge in behavior, for this tarticular daminaiioD the reâction of lhe rât wes cônsider,

In animâls which reacted to scund slimulation ÿirh motor reacrion which ended
âs a rule. 1 corwl\'onl. r.e l eNdl be.seeh rhe io.,rdt on o' rïBinü ùd rhe o1,el
of seizures \,!as recorded. Neithcr rhe dùratjoû of seizrues nor the leûsth of the recoverv
fla.c \ÿd. às'.$ed.

Vr'e manipulâted the control group similù\,, including trânsfcr to experjmental pre-
mises but ÿithout irrediatiotr.

The geûerâror of pulsed electromâgtretic râdiâtion eminod râves ar ?S50 MHz fre

eFFect-s { Hearrl pAe4Èss
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_quen 
v. Pùlse duralion \ÿas 2.7 p\ec and rcpetjrion fteqùetrcy 157 It. The averase rrorïerdcnsiry ÿriùitr rh! areà ot exposure amountcd ro l0 mwi.n.:

\.onndrr r(mfe-, r.c o -pro\im.,.el. 21"( ..r. nla.rkrrcJ r. rt. -n:ïél tors(.Dr rg e) Li rer '. i.e. 'ron E d.n. LL .2 aooD. ,hL renTe.à -.eroon i,J,- \e. iron 2:o, .vlbo,.unre For 1 tc peFD;\ ooxr .-,i"",.._ ,ri,
!o 27.3'C.

Durirg rhe erperimenis Ne laid auenlion iô chatrges in body $.eighr. the iniervât Irom
souùd signal to the onser of rhe se;zue, àn.l tbe percctrtage of Dull rcaciions in iûâdier
cC ùd cortrol animals. In eddition i'e rccorded the nimber oi ar,ilnÀls ÿhich died.
Resriis are ext.c$ed nr perccûiages atrd elatuared b_v n1eâns of thÈ r.t.st.

rl

lr

i!r

"t-l.i, rl L- I li'llt ii l

ill lil ii
iri.1D ! l)N i!+ LiLaK:

Fo. explanâiion- sec t.r.

, -tra iL,,. Tl ll T1
I

'aa
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flt ll,]

-:

Z EXTERT]SNIAL

LLT&r,

673r-l
lÈÊarAT]oH lrE (\vtEKS)

l'ig. 2- For e\plaûatior, sec text.
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RE§ULTS

Fieùre 1 shows chânges in welght of irradiàted ânjmals oi bôih sexes ar,:1 oi concots.
Ërom the:1th to rhe 10th weeL of life the body weisht tended to iûc.ease in att adrLàls.
more in hale! rhan iD lemates. The body s€ieht of irradiaied ânimals was irsigni-
iicêût1y lower than thât of conlrols.

:i_he upper half oI Fjgure 2 i1lusrrates the occur.ence ol nult rcactions in rats. Thc
hâtched colùnns represeDt the frequency of ÿlch reàctions in jrra.tialed aDimals, and
rhe plain ones rheir frequenq jn corltrol râts.

:fhe nuI reaclion occurred iD apploximâtely 70% of ânimah in the iffàdialed eroup
drc t 2A?ôut roe !o,r'o 'DelenldBes relare ro 5e ot.blror , r mâ. r. ,e!, d;
groùpr.

The boltom section of rhe sraph co.1pâ.es mean intervels between ihe start of
ringing and ûie onsct of seizu.es in irrâdiated ând control ânimals. The hatched
colûmns relâte to i[adiated aninrals atrd the plah ones to cootrols. Ia alt cases rhe
meatr time preceding thc onser of sejzures js longcr in;ràdiatcd tha! in conlrol ânimats.
The resirlts obtâined dudng rhe siath week of expertmental observarions \ÿere sisntfi-
.rnlyJi,reeDr a,Ér.. le\r Ll. rerar. .goi.t.-erie, ne-e {al:{iLàl) in..gni :cdor.

One cortrol âDd 2 iÙadiâied rals died düing rhe first 4 weeks. No furrher dêaths
occufed dùrjns the remahnr!: six ileeks of irradiation and tests.

DI§CU§§TON

The results fresented aboÿe iorm part of a lons tem. mulii-stase siù.lv âim€d
ât characterizaiion of pulsed fields of aarious types by ûeans of inlestigating resDonses
oi the nerlous system of rats with eudiogelic epilepsy ro soùnd iriratior. The seDarare
. dge( i. ol'e r-Jd'a'ioû..;rh c -ul.eo elec ro{d iL tirrJ.. pul.ed.'e-UondsDe.i\ i'-td
. ,J..ô1,r,oL,IeJ

Resllts obtained rith â puked electrostatic field (pulsc durârioD 10 pseci amptitûde.
300 Vj rcpeduon hre,169.2 Hz.. field srzdlenr, approxjmaiely 130 V/cm) (1) sho\ied
rhlt iradiârion oI rêts $iih audioeetric epjlcpsy (stùiing sirh the .+th day âfter blrth.
:1 h daily for 10 ùeek, led to prolongâtion of rhe interÿal from the bc8irnins of sound
fimu1àtion 1o the onset of seizure§. In addition, a hieher mmber of ndll reàctions e!
|I.§ed in percenlâges occuûed in irràdiàted a]1jmâls.

In both cases res§lts of 10 weeks' iràdiation shory a rendeæv ro tovered sensiriïirv
Jd''or or ardios(n. ,r.\ ùJ more,r.q-el oc.u;L!.e of.. ..". .".:.

Il ha§ beeD known from the literarure thât Sovier aurhoN have investigared exDoslre
o, -d.. \.' l r .dr.gerrr e.ilepr' .ubn red ro ' p.r ,eJ e e!rrorrene :. I eU L :, 1,.

lhey obteined sihilar resulls àlthough their methods differed. Also differetrt was ihe
mean pô\ÿer density (10 mwlcm:).

In conclusion it could be nored rhai a pulsed electrostàtic field aùd . llrlsed ct.ctro
màgnelic field within the microwave range. ÿ,hen âpplied to rats sensitive to so.nd
rignals in methodôlogicâl1y identical experimerts. relu1red i! towered seBitiÿitÿ and
d ,igr''cilr \ r.red,ed r.,nber ot ri I re.LIol§. lb rhis n.eJ o' e\periner . .he
re..Jr. .hoq " po.. b lr |c rodul" io. rrLeùte. Lt-e b o,oric ertci.. of fLr (ed
electromasneiic f ields.

We plao to exami.e tLlc elfects of a continuoLrs microwave field by means of the
same methods in the nelt staee of tlüs long-rcrm e&eriment. Then. detâi1ed analvs;s
of a1l results obtaitred so far rÿill be cônducted.

Sanle ETT.cts ai yariaus Pulsed Lielis an tnintls iitlt Ariioa.kit: Epil.p5r
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NTERÀCTION OF' trLEC1TÀÛMÀGNETIC FIET-DS AND I,IVING
SYSTEMS

C. Ratl.to Siel1'd,l. ,.!. Tan er and l. Biau d.l Blan.o

D.la.xncnt ol Anâtômy. Qùecr\ Urilcrsity, Kingston anl Cont.û] Sy.teûs Lâlorrlorr,
Nâtional Reÿârclr Courcit, OtiaFa, Câinda

INTRODUClIO\

There is an ircr.àsing n.cd 1lr master onc ot the most bâsic life lroceses, namely
the jrterâciion of eleciromrsncti! flelds {rom within and \yiihoul tislue. This irler
actioû ocours at ai1 ievels oI complexiiy froa the cell io the orgaùhm ând piays a ÿiiai
role in ihe maintenance of liie itself.

The auihors heve been \rorlins for more ihàn a dccâdc on the basic phenomena
underlyjng eleclromagnetic inieraction. This repoii presenis a reÿiew of their work
together with a coûceptual vlel4loiflt of rhe emersing lavs thât golern such intlrac-

TXPIiRII\']1\TAL FI\DINGS ON I\IEILACTIO\ EFFECTS

The findings obtained eadicr were publidled as indicated in thc reference 1is1. To
aÿoid repetitions obiy the gercral topics which were the sûbject of lhese iûvesligatiors,
will be indicated. Escale reactions of birds (,12,.+3), patterns of escàpe behàvior (1.1),

chanses in egg of chickens in a verylo\r intensity miûowa\.e field (29), charees
in EEG ând EMG patterns in domestic îow1 (30. 4E), feaihers às sensory detectors
of microwave field! (45). ând ihe interàction of these fields ÿith fealhers (:l-7,
31). nrrerâction of microv,ave fiel& ÿirh pârikeets in flieht (32) and the effect on
feedins behavior ot Leshorn heûs (46) wers studied. Gro§ .ffecls on plânts \!ere
aiso exâmined (33, 46).

Aûother series of experinents concerned effects on lerifhelal Derrès of mls (1i,
22,24,34-36), acceleration of ihe procêss ôf wound healins (11, 15, 17,19,23.31)
and changes in the diffusion rate of aqueous solùtions ol electrolytes through meB
b!an$ (8,9) as well as effccts on the rate of flo,À, ând mass flux of lquids fiowins
along lubes of small diemeter (10).

BIOLOGIC CONSTDERÀTIOJ§ OF }IICRO\ÿAYE IIADIÀTION*

Extensile but inconclusile aod controÿersial stûdies have been condûcted in tlis
ffea. An excellent source of references up tô 1965 is PrêssmâD. Since then. mâny olher
publicatioDs on this subject hrve appeared including our own contributions-

The interàction of microwaves s,ith Liviry !t slôms is a subjeci of extreme complexity,

* Referenccs: 1, 2, 11, 12, 16, \8,20,21,24,25.26.21,28, 18, 40, 11. 4r.
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âs depicied by the block diagll}nl of Fielre 1. In this diâgram ar arbitrey diljsio11
|as beer mâde Lretleen lÿale and nonwale elfects in order to poini out \olne of
rhe ÿave effects oommôn ta ell electromàgretic radiâtion. Some of these jiteracdons
can be correlated wlth the blolosical effects elicited. Howeler. a coffiderable aûount
of work has yet to le done in thlr field to elucidaie the subtleties tha! would iead
to an uDdersianding of the ob\erved effects at very low iniensir_! rèdiâlion 1eveh.

Biolosical effects can be divided into three câtegories (see Tèb 1):

Irbl: 1

yjcrosire field iüe6it! rùnges correspondùg 10 thc idcÿifjable biolosi.al effecls

Tlerûal, !on-!eatii!

1. Heàting elfecB.
:. Therma| non.heâiing cffecls.
3. Notr thernDl effects.
THs dirision requires sonle clarificatiôtr. Ihermai. non-heâting effects .ie eftecB

ideniified with chânges io temleraiùe âI1d heat bÀlance Dot atlributrble ro the dkect
cotl\elsion of À{W energy to heat itr tissue. Nunbers are allocared Lo thc inlcnsitÿ
lelels in Table 1 but it should be bôrne in mind thàt these are {bject to gros variàtio!
when indl\'idua1 differeDces between living ststemi are tâkeû into accouni. The sme
.,pplies when the hoÿ of environmental parameiers that lrofourd\. iûfluence ihc bio'
logic.l effecls of microwaÿe radiàtion are tàken into àccount.

Irradialion iniensities belo\ÿ 100 I'W/cmt are considered tron thermal for boih pulsed
xnd CW beams, either 1lith general or 1oca1 i adiation of humâns and aninals. Ai
. power 1e!el of 10 mwjcmr, the energy trânsformed jnlo heâ! ln lhe body is roughly
eqùal to the heat los ler square centimeler of bodl surface of humans and varm-
blocded animals under normâl enviromental conditions. On this basis poÿer levels
between 100 uW arld 10 n1§I are non.heetiflg although thermai mechrùsm! rnal bê

The lntcractioD tretlÿeen EM ficlds ân.l Lÿhg syÿens ii delendert o!1 rhee groups

Group A - Characteristics ol the radlltion.
Group B - Chàrà.terjstics of the envjronmetrt.
Group C - Characieristl.s oI lhe biological recùpiors.
It1 essence, (i) all lhcse fàctors must be thoroughlr undersiood an; niealuied if onè

À to predict the effect ot' any kind of noD ionizitrg electrohàgûetic üdiation and (il) it
is importànt io noie lhat ihere js itrterpiây bet§een the groêps of faclors. This interpiay
is depicted h Figurê 2 as lhe interseclion of the sides of â iriangle relresenting the
three grouls of fÀctors. À sample set of pùamelers À iebùlàted in Têlle 2.

BecÀuse of the drÀmatic eflects produced by thennd MW lerels resuting ir1 !er-
mâDent dâmage and/or deâth of the biologlcal specimen xnde. irradiâtion. the short-
.rerm thermal level combination has been ihe most ftuitful area of experimentatiôn.
Little sork has beeû done on the shorl-t€rm. noD-thermàl and lory-tem1. nor.theùna]
modes of N{W radiatioù.

Since it is reasoDably eàsy io deteci and monitor high radiation lere1s çe emlhaslze
the importance of the last 1$o jffediaiion lnode§. Ërom these ire consider the long-tern
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aiÉ. 2. Schematic presenration of drc nlreracrior of iivirg sysrcms ùirh EM rÈdiation anrl ihè
enÿirolmem.

Tiblc 2

SMlle table ol pùmrctcis

T,_pe

(Lole.tetu, rhorrtc.nù

AtEosple.ic comrositiotr

ENi radiatlon (natural

non-thermâi combitration as being of the Lrtmost importânce becâuse of the present-
day proliferation of MW systems.

MtrCHANISM OF INTtrRACTION

The interâction of elecbomagneric fields with liÿing sysrems is a highly complex
subject ând can be viewêd jn the lisht of the many nechanisms poteEria ;. i;vo1veâ -see Fisùre 1.

Because heat is usually itrvolved h rhe interâclion of a MW field with rhe biosample,
effects were orisinaliy obserÿed at Mw teveh thât produce.l a meèsurabre increæË i;
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lhc temterature of the specimers.,'hslle and biological floids ben1g lossÿ maleijals
of relâtive high elecirical .ondNtirity. high oirn1ic losses occur it them ÿhich âre pro'
portjonàl to Er. Thrs ihe eflec! of ân electric fleld (or it§ màsnitude squared) h,t§

predominànce oler lhe nigreric lie1d.
In the region l\,here thc predomiünt effect is heaiing of tissue jt is obrious thât

the elecrric field plâts â ltey role. In this region subue non"lhermal elfects may be

obscured. The queslion srj,tes às lo rihai iu!p:n. in ihe non thermal region. How
âre the eleciric and magrctic iieids related to 2 specific ron_iherffal effect and §hai
inieraction takes llâce on a noleclrlar or Eâcroscopic ]eÿell It is imlortant io roL.
that ÿery little atientiotr has leen given âs )et 1o the effec! that the mâgnelic field
lsociated sith the trlw may hare or1 â bjôlogical slnem

In the light of rlÉ strông EÀ{ interâction between gliâi ànd neuronal ce11s and ln
the üsht of the pâttern of itrteractiotr beûeen EM fieids ând the organism, the emergins

iàws ot jnieràction lpireff to be as Iollows:
1. Electromâgneiic fields jnrposed on a liling sysien rlodify the electromâgnelic

irteraction thât exisis bet!ÿeen glial er.l neurôlral cells l$ide a nerÿoN struclue.
2. To predlct thc consequeD.es of an,v irlterâciion. ali the parameten that chÀrâcterjze.

(i) the electromasDetlc field. (il) the er\iroûnent and (iii) the subject radiated, nlu§!
be qxartificd ard lntegEied.

3. Electronâgnet;c lields inleract wiih liliûg s-istems triggciiûg à set of itterâciive
biôphysical phenomena.

.1. The ùnÿÀb]e seq$.ncc ôl ereDts triggered br', electromâgnetic llelds lmpirying on
liljig s,rsteins ùâ! be neLrjlized aL the lelel of the cÈ11, !issue. organ or organism

\.!\IG. TIO\1,r, @tuEl{r,ÀTio\ i\ ôlilD llllcll-à.TloN

Snrce fcâthcis h!!e !:en shoçn io occuir) â senÿr-ÿ role. lunclioring a. receirjng
?fltennà arra-rs in elect-onigretic ticlds. it lôllôw§ thàt bi«h coùld concekably use

lhelr feàtheA to otrrain dircctlo.al informaiicn. Migratory birds are atlecied by tem

|erature and hxmirlit,v to ihe iioint ùi trlggeri g the misralory proce$. It js knoÿtr
111Ài th$e i.ro |xlanieier no.-lxlâle th. sei!lli:.ii,! oi featheB is ànlennas. Therelore
it nray be h)pothesised ihat s,rn.hronization oi thc i\ro corre§fondirg biolcgical pro
cesses provi.ies rhÊ 3tintr,lus io ihc lrirlel to seeli a particxlar fljsht path jn its conii-
ruing search lor aù o!ri..:r! eq,riiibiilm.

Sùploriin-q eÿidênce êi(s ln the ÿell kDo\vn fh.non.nor of disorientaiion and
codüslor rhêr occnN wiih bi.üs held cÀptile for â:hort iimc dLrri4 migrètior. A pe-

iod of captirity iniroduces a Crlconlintiq lù rhe birds' spÀriàl and temporal percepijon

cf the minute sradieûtr in tem!êraiurc. hmidit) nrld electromâgnetic field. During
this period changes occur itr these pârmeiers and irhen the bird§ are released theÿ
are confrorled §ith e neF lrrironnentàl !àtiern âtrd a rew sct of grâdients frôm
Fhich to deri\e direcrional nrforinrtion. The n1eÿitàl1le resùtt is diiorientation

'lhis same concelt car b, âlplied to oihcr nrigretôrli species. In the cÀse of flsL
for e\amp1e. rLre atfroprinlr ljolollical receftois I'oùld be ihe sq1es.

REFEI{LNCE5

1, ALEKSINDRO\ SK.r,JA. 1,1 l\1. IIOLOI)O\'. la À : Ëolr aJlJrolrgi..l R.r.ri.nr ô/ 61,./
I'a,i dtians il titè c.rcbtul a.,,ri,i iti,ll,irJ e':t).ra lo . s1.1t) tld?retic Fiel.l S?tônd All'
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