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EVALUATION OF PERMANENT IMP'LANTATION OF £I.EL'TRODES
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INTROI)UCTIt)N in animals that we have l"eea using for the post
Permanent impilanltation of rlIra within the seven yvnrs flIgamdn 1949 may have some advan-

brain -f animalsi allows the .tudlv of man r errebral 1-19" and1 it is *lvseritbel '10-l "',aentrid an in the
functiosn for lag perriods of time without the buanli- preset IM'np*.
top of saethesia. Two methodsa have bee usedt by Coaplritrfrnn of n"Olle rleef rothe. -f'j.. Stain-
several inrstinat.es less steel wire. .1)(15 diameter. rove,"I b:, quadruple

1. The remote control techiniquers, in which a teflL, (le.mp Wires,' Inc.. Mineola, New York)
recri-er is placed beneath the Ahin, with the terminal was used. Fire piees of 1lrereaing length (e4..
"e.6s ending in the brain subotance (Iluaffe aoid Q7, 914, 9II, 8% and 93 mini wtere cut and straightened
Light 19O4; (lark andl Ward 19317; Fendler 19:37; by %tt..tehitig between two hemoswtats. Another piers
tleagerrlli andl Kallejiua 1950: lHarra 1946; loueks of *,flon contcel staini-,, steel wire. Oil'1 diameter.
1934; Mauto of al, 19501; Yernaa and French about 14"1 anm, long, wan cut. Btoth ends of eath
19U3). The receiver in activated by induction or by wire were -'raped- free of insulation. 5 mm. at the
radio sail thre are no lendls hetween the ptimnlatn7 

top andi I mm. ait the tip. A mnall bell was made at
and the animal. Sow limitations of the technique the I mat. euim of the .0l07' wire by means of an
will he 41suare. later, electrie are (Riley 1949). Thia ball eogatitutes 'he

2. to the Abher techniques. reetrods are im- iip of the ve-.trodle. The o wirrs weft emented
pleated Within the brain; the terminals, throtigh 'tb,.r with plexiglas ,liammlred in diehloroethtylene.
which the animals are connected for stimulation or sintcing the I mm. hare tip* 3 mm. apart (the distance
recording, remain outside the scalp (Ilra~lley andl [,etwern the tips of the leds waa determined br the
Zlkee 2953; Ciark &ad, Ward 11137; Delgado 1952a; tols~jgraphv of the cerebral structurie involvedis I
Emeirue. Pt al. 195; Epstein 1949; (Instant 1951; the experiment i. The group ci res wait jprotrted
Heath el at. 1954; Hes 1932; Itoegland 2941); lHewn.' hi a tub,. of Imilrthylene (PE Dr. (!y-Adams) whic
and Jasper 1949: Iagmsm Pt al. 1951: Juag anoil was rkms~l ait both cads by means of heat. The 3
Kecamililer 1936; Xmada 1951; Knowles 1931; Koel- mm. batre cotds of all tbe wirvn were soldered in an
la -# of. 1951; Lecwandowskv 1903; Lilly of &1. 1052; identifiable order to a subminiature 7 pin wicet,
Uivemow and Pnliakcw 1945; Luhinka mat Kunorpki similar to those used In hearing side. Thea a double
2939; Xnaaiersan 1941: Old- and Milner 1954; Pa- piece of bare stainless sterl Wir, .1)31)s dinameter and

Jaspe 1917; Sawn et &S. 1963). Rome technical wire anchored ther electrode to the skull and 'was-1details will also he discussed later. also usedl as refcrrcre ,rodl in montopolar itim-la-lo
In the last few yeana cerebral implantation of (r rtung The leads were tested with an ftsh, cc

eleetrodes ham also been sued in human patients to trchk postitioe and Insulation. The base of the
(Btiekford et a&. 1953; IBrasier et a. 1954: flelgado nket, with all the joints, was then etivi-redl with

ct ad. 1952: Heath cH ad. 195.4; Itrury 1940: Pool insulation enamel (E-33 clear. la-X C'o., 0ssining.
and Clark 29r4; Shimn -nno r f a. 1IO4, ron Bauum- New York).
garten25) The technique of iml.lonting rk-etrniese Variations is construction: in some experiments

I l~ppotedhy gant frni he ?ua~atla's silver wire of the sme diameter and insulnti.,n was
I Rupor@4 y irnnx fni te rundtio Is u.l to Pconut the needle electrodes, whirl, were

Fun4l far Researcrh in Pnvelsivtry, and the Of fice of te e lxe h-tsiatg a htte
Naval Research, MAR/Nonr 60)9(08), Re-prioduction

*in whole or in ptrot in permitted for any purpose of followed tny brain movement, but they hadl 'a
the t'nitril staff* 4;oeernm,.at. rigidity. Therefore, for introduction into the brain,
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it woo. srrsiuy too usn. I men. dliameter 4:611"~s ati-Cl ttigvilir with jtlexilglin dslitlel in .tirhlotroethytne,
Ishingl whice Weitt a tiny huuta mh' at the tir of the sutl a Abort pie (ahuott 3(1 mirn.) of polyethylenes
aneath.-. T~he tnt.. wa, then ronnotl, hnaritig the tihing (11K INIP lulht,1 over tibem for protection.
cbrliv nlr in jiunition. Tire omtr ris of thet wien wi*Ft ouldetI int Jkenti-

CnI.baof Platr ,l, CnRMdr I ig I J. At jit.. fthle sner' too a 7 oin ,ominiatiirr socet. A
of Woyethylee sheet (1 mill thick), about 30 X 4 Were! oltbithk'w stee'l Win'. .1120i" 4HlICUTantr ,. as tidereil
mUw. was rut. His namall wu,.eh hh.,. 5 mmn. :sprt, to pin it. 4. This heavy, wire anehiore the plate
wt-ft. jtUIWtl l tin Peo, .11g. of tim. 'heot -dlt the 4-lovinsxle to thse skull. The, ]raio were te.ttck withm an
IraOth. lx pier of il wir- (tin'. 95, itOJ45, Me4 ikhmtrtr to rin'rk lousitiont nt o ihnnttia. The taut.

Itf Ilse nw.4 et n all -he' ututkier...t juinti, were ecitei
with 11.1.X F-33.

.Nh roioitook. For uo- in animals to," ehweruIes
wi'ri* wakiln'I with soup. :nil water unit ittnm.l i
LZi ran 1:.1 iim fir utne tot twit bitteir%. Thin husi
rroneeI t. Ive Puffiriient. Foir uon' in human paitms
IN- koo'.Ilk' te1lrIe% were nutowtnv.il anid the plate
s'Ieetrtwl"' imournt'~l. in YA'lthirn ioriight.

M1. iitml of intjdualIson (senobNk.), The. anmimatls.
Were ttpn'rit"'. taltn untie, Neautptmlal aneritheikin, with
a~eIlior promenufitim,. After *hroving the Lieah, tho

Fig.
Nrmill. Pe-irtu~hn have' lawnh intixtnue Into the braint
with a stereetatxior iietrtment. eventend to the kul 
mail fiztl with ontlh satttmA' throrugh the bone.

an.~'wan phstInl in a It"o"h'411arlip in,.tr.'t.
.%it i.ri~lon attiout 3 ema. N~nK t. enonatte In the tii-l

F ~ ~ ~ ~ ";. isn' t u-I+Iit4..tma li'ikiinn ahititi I rem. l1w- er

IltageamN Of plut. ant1 nee".th' elertrtle, nltute at the lnt14-rior tt lrt of ' heathno. ton. i..r ette.h
This netonut ,linmneter at tin' Iwft is Wtit 0.53 rum. . letrnh.e to In' intseti,il. The-. senlp wait mtrucfrvw

unit the- it"e. k'rts'I 1.4inuttark,'.I with tho' ,tertm.
an.? 75 news. lug .11,,1p tiannrtir, .n'enni Isv taotir mirromtstuiltotrtr ton t.. -urfaue of the skull.
qumadruple' teflin. we-re rut. unes e.I f ..nehIs fiv'" hurtirrle. wo-n* etiatl'ea 

t
i owi Ntin,. HiNIng .1 %. tae.

want arralooul fetr tutnrn 5 mnm.. a sanl hlt wits incidi' *I~ti'ri.,ti ditlm. Trhe thu'; wut iits. otunrei unit
orn this wif rr ewnl It meant. of a fnn,..; the immlh, the' ou."tl it~ir ...I- with the nihrnu~ttani pu Intoir tit
lips. wurrv then th"raIr'. ihr noth the toutea in the thet ,h-iinA, Ft'tlt. Aqv.,.tritoh* U. A then reonnttit
poletthieewn. altel. The mini!" olo1.. of thIv plate' witn tot thn' mutt' with Iterk 'a dental ettmt t Mtixa.'. lite,
cinorihtor nitti~ t tier f the fun,* ai' 1,uth pi-se New Yotrk,. A lhti~nl igt few ileqit: fm' the, rettiti
ft.' hr ,nv,'eton ot hint (no chrtrir flist iroh wn ton try~ the 11ut4u4t'. vlit't. wai t r-i.I ovter the ior.
%neu). Thei. silter wino amimecr the. plate werr inoentteh fare' 'f the- Pikull. auth the ux-ite't wit, passedI tlrutttlt



-e. .i thle mmoa i.5m'mim laa tim. ,.i'.mtp. Twit ad- thImiamaki lilt- ,.km aul -iooaim'tinns, .1iaatua heal h plug.
Itijmu ia brr !mmmmal-lamt 1.5 uns,. mmiamtc'r i.n ini ~mm l it- le'ndsand mai lilul Vw'imm.i~ there' Was :. lo.a]
al-otmi I cun.. anat . Ir'a'm 'Ia'ledm in the -il. Ill mi. infectionm .':mmilv m'aaat rmo.ed with kurt.) Antihioti.r.M
* .tmerir tot time enmtr~mace of the electrosle; maon eua The- 1 ra'witeme t( jut retin-rm leaml* slid not immdtmfl

,f it.;. bae .'a"mai mt.,-le' wire was. leal thlrmmail, alit.'v.iab emh'anmmgmi ina Itma'hmvimr. m"Nmtility'. ur in p'rfmmr'

r-tni hoh'. Ilm'it- m',. were' rroai.e mammhir the sni.1mii mmaw maf 1-,,ym'lalgim'.' t emI,. immws~vra, ian a f,-w
mmii b~rougaht mim lit- ili.mim beh.. tandm wenri the tm'a m:-4 inm which, rthe lmr ii#jolint"' (5 omr more mills
J'll aiim' lilt' IamlVt IrY~l lritrimtea' or~ ilt- tm-lm'.'tr-me. thSirki a er am','. lomtm mim aaatr ;twa'iom. a traim enmaat Itare'mis

whmmil wmmm Iiona, milv i ma'tamrr'il tam fll-e sim . The. ai, 1mmmraa. j t lx im .3 M aIer a'mat af our wm'aies

lait. v'Im'at mm"e we-ri' jil milma'il animaa thrmlrigla lam'- m'e ri'. J ti' ttt untmil the nimaits We're
burrm .. Iilam oaioimt -, aimma. *linmammemr-n :mmi lmaimali slit zleii fire'.

in. tlam mimi . 'No.im !-wfl aeviit umam uimm. Fil.mtioni to I';ts mmm1.1 maimhe.'m wera~e 'tinmiataI with coimplete
lt-. *.aim wasm iimlamr tim tami If fill- 1m4'1',11m'm' mit rimml. frelmm I ma -1.0"Ien~aat mlmri:i1C tie perfrma ncte of

S pi v rima mrm, fiat r'at.m ma Iml a warm' I i Iiffm'a'a'it t1 ].." maf tesmtsi. .'aimh ;ini '.ismni aiimrimintion,
mi.*m~' with thIe. ifi','a'm'ia ha t m the maami pit il lirilam 40ai'lmIiii ait,'ruiio jam ndmim roimmlitimimg avmoimance. This
i%.'rvmmim win, m-I tamtmmm.irla'io ilam' a'Im'i'th teom tihe Aall. trailmni wits. a',antil tit 'atimalv maf beairand mmioutc

.5 1mlanhia.. A I Imi' i , iim twoi rathmmmI a 061n11' semim.im', phem enmim'a
Litor. wimaS two a tr*n' ,mmiiaptmtm . ! -im'i1~n4A, w~ rc Y?*..i.. . inf .oh m him., oifam'r o-Pra'rle imeora'i

uaaIIm. Sa mmttimulains wmere moimaaitam I himagh ma twia. Tim' brmins'ii of 73 cat,. .maml 0.3 amnkey.',. in whmjrb

immaa I," alait mmtilmmrai..ilm. 3=A Still andi miartri e haalmnl tIIea'm imaloaumtiii fomr I to 14 muonths,

imoviniig jitlure were'. lftim tamken;m r'm'iamraimilm wiena weaa'i ,,tudmiedm. ltigi'I pinl amlrti'oie usiing thick
.mmla' ona ma Oirtmn .4-..mmsae. a'a.lpa'oiiimmmg"im. 1 ilvthylm'ib. (5 min nmmarz Iisi) ranti.,.) a muarkedl

mute 11.lea*'mou~am mii Ili.i' iimp~lantatio jamar:m'u. Polethylene~

lmim ate 1f Imill timirkaina. ;mrimlmrr~ - ?'.=nt!!
oni lamt bain saumiafimm'.antmmii t1mw protrudminig blli of
the, atl we're afttena mtmrheml n thac ortex1. 'There'
was~ ma silght '.liM irmmmtimm withoumt obsmerableim aiter.

lir A'imlitioni of na'.'mle 'i'itmiml.' within the
tmri't ammilaotiiiim holimra'.i it ammaImmninl alemat rctimm
alnmg time nieedale tinet with maimmi iaeaaorrhaitp. in
genam'ml var io'mnil nail -a buin r'a'tion with
lamaramim- iafi ltttimi judilgial pi'olifrtioii nruammll
itm. neIa'ilm Irmt. In the -. jj--n of ife,. the
.minm.'tm'i' f mtShe iiaeiihm traciit, '.!t.'r two, ." iit
omamat tmaof imlatamtion. was. h'ma thasa I mini In

amamhm mmamakm'v* the uawill' tats wenm- vryt mmmii,
mmmi Ii v;aiaiait .2 inia. 'himinia'ter. in a few rtm.am. time
i'-em'tionl wail. mmre m'immiiienMemhl. In imlt of the

10immmniga Pocmh imasint imimui Inv"aa rei'niteilly xitiulaltt4.

rig. 3 for immimi with mni. air timirelmi'timi 1"gmarle wares,
Five nmonth,@ tafte'r implanttion of 2plate and 2 1004 c/miea.. 0.2.1 inner,. Itle latnitt. Studmy of
airtlm'mlet'imi. tllillag 2% leimi. The 2 left Adsmi the Uiamia sections mild not show histologicail cheamp".

het.l. ,martlv iddeni'm Ill time buiir, are umaible at the i hn immto 'krriu tialmin
posite'rior lpurt .of the lie. -m1. a h on of eor mm5refml nioall m'aniiai.

Tim' artin'. a -rt. usaal vi a'amlw'mrIal in pinffn raamiimi'tI :vI tia it niA. ImC for abiouit 1'4 aims.
ite mlif 'a'timimni' ait ISw .1 o Smni' in mmmcii Ilt .m'ton h i'iimt of loriih mieiti'ava' with thin niwthoal

i.nilaIy Nil, i:m. Gai'''.m'imm t mn air X lilr' wia maarimiilm'. Sx timt ti' IM mninins mdeveloped

rnemth"Ii. v Si marnlwalo:t-daimt'.i'm, with .1 ilm'itii. 12. *21 Ani

la'rI't. Imm inill) lmw tImelirm 4 prair liiolt he A'him'm'im l d ivrolm-e'esim of aI, m'Imotia'. Eimetllodell

mmiim,.at fill. I' l iim ma im''l 'aitiamm' in mmaaiiimnl wenri taimtmil I in'-.t lmm jmhyiohmaliiirn iii li to
A.m pr' wv'l tom ;- vufin'. even'a it, inmamimi'ma m with bmmiii11. tlma amhm". t timam in lh ha'iriaiim of the iaona'e'

In the, a'i',r ary m'ili'tr maf the nma'ilam. Thin att mdurinmg e'va'rai wa he air insllm itmition. suomi ipii
iiiaIl%- . rom. ,a'w'a, panertillv Piamal. .111.I int ilioti'm it a iiline iiiniltm'i fiat, tme. miinism werte intcii'

were 'aol imira'.mairy. Ilvatmii t the lmiiit maf 'ntrnnee ri'emlt. Vl'itgi/run'mant ratio wts, essmentilly "warn
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for a. laiiriola puli. .lorationo. anti fre.1 ocir snoltative, One pla~te etr,.l w"a "Inced on the
studied. (:tlhailo.rw anti thelgati,, 1955). This Sag- mutor arra of each Side (RI" and 1,11), anti one needle.
grasta, ohat ,lertriral Iproprrlie. of the ,.lertnoden in oL..ntwsplmalie structus,., of each sido (RN aid 1,N).
did. BdP chuage dluring Ahronic e.smcenn-mnt within Volttpo. nnd current (mA.) wvre monitored routinely
organic liti. sharing rack stinnmantion. As we wee in this. table,

Simsrifirity of rojspoxA.c ad4 spirest of riornt. thr#-,.holsl hetsennities in mailliamperes were rather eua*
ti4ntcifieity tif wMn. rrspmatoe. .11sch on. scrvaming. stnt in nioet of the Isoints throughout the obeorvatiom

*leeasis~-sffst~sle s~awior. mncnthi"sg. yaning, 1..rioss. tknue 1 ,into hal a lounahl increase in threphold,
eve.. was rlentr.slr ssbserve', (thIgaso 19;.2h; 11.2. amas sonly 'oo point (IX1 1, showedl a marked increase
l'vl.."lo anil Miamio~ l953. FKch of tlowsw ntsl...nxes after fine ntod a half mo.ths of cxperimolotation.

rtmli Is. evohes by eleetrirat tinsstlati,,n of Only Tlhrt'imold voltage' howedl anne ineream. after three
.gic 4r 2of the 1~2 to 301 levohs imlalntedl in the mntnha of imtsiontatiisn. Thin auggests. that the

TABLE I

TIe'aY8loLriS OF MOsTOR 1t3Il'Oi4E4 DURING 3 XONiTIl6 Or FETX'TRO1tE IMPLANTATIOM

')AT$ ~ 7 14 21 30 45 60 to

POINT V aA V.mA V mA V.mA V.MA V.A V.oA

I'll 1.5 11.25 1.: 11.25 1.5 0.25 2.0 0.30 2.5 0.35 2.0 0.." 2.5 0.35

B-' 1.5 "..M. 1.0 0.45 1.7 0.45 2.0 0.5 1.0 0.45 !.0 0.45 2.5 0.5

IMS 1.3 0I.A. ..5 0.40 1.5 0.4 1.8 0.45 !.5 0.45 2.0 0.45 2.5 0.5

?N .5 0.6l 3m .p l55 3.0 0.0 3.5 0.65 4.5 0.7 4.0 0.05 4.0 0.65

.50.4 2.0 0.4 1.5 0.4 1.5 0.4 2.0 0.4 2.0 0.4 2.5 0.4

LN's 1'-1 '-.3 1.5 0.5 Lhs 0.35 2.0 0.35 2.5 0.4 2.5 0.4 3.0 0.4

LP .507 2.5 0.7 3-.0 0. 350. A 4.0 1.0 4.5 13 4.0 1.2

LP, 6.0 2.5 6.a) 2. 3 11.0 135 6.0 2.5 6.5 2.0 .. 0 It5 61.5 2.5

LP. 7.0 25 7.0 2.5 6.5 ?J1 6.5 2.5 0.0 S.5 6.5 2.5 0.5 Li1

BI, 4.5 1.8 4.5 1.55 4.0 1.3 4.0 1.31 5.0 2.4 5.5 2.0 5.0 1.8

aI,1. 0.5 2.0 46 1.0 0.5 2.11 0.5 24 0.6 2.5 0.65 !.5 0.0

up, 2.0 0.6 :.) 0.3 :L3 4.7 Z.5 0.65 2.5 0.7 2.5 0.65 2.5 0.65

hran of rock animal. As leads I mnos. ap-!rt -rokne.J lotal Imipeolae INCV47asesi With time Of imtpL.i lotion,
different Tro,*ase I" some caroom It ilk prol" ' , that holt Inhe exeltlbility of the hbrawins Won ai.trtine.
th, area of the bran i timulatedI by the electrical *ith small variations. Table I also shows thai
enTreat wMS smaller than 1 MIN. tn 9e0@. eaperifthnti trwn'pey to lnert'ssed threahoisi voltage throughou,
Is which intraccebrul lens coulsd he nmoved through Imaplantation, time won greater Ii the eas, of needle
Needle guisles implanstedin I the skutll (Ilelado l9570 thtan n - Me electrodes.
it was determninedt that changes of only .5 min. In l-rc~ efirily. The spounneous electrical
the poerle-u Of the lendss ltmuol result Int draomatif sntivitv " -,sl.Y throsugh. slitfrent it 'ds showed
change In response. flowee.r, in other enser a typical pnttr- .s at earlh pinit, which were repented
Similar reaiponae could be plicts.ed by stimulation of with similar ehorsteteristics thre'swhowt the period of
leads 3 mm.. 0 mm., tir mfar, &PC". obwPc'-st ion. 1441netlme. these patte.rs couldl he coD-

Zaitefbih:1. In table I threshold for mcttor oide.olsv changed adrssthe ifluenevt of different

respones during three months of electrode implant- ecuslltlona. for eanwaple. ulise leech of the momt,
&ties ahows. in this #%rn whhwas repre.- opno owced mt.I zsr~entlcnin

esoe rcoeee t xetno o-iin



PFRMIAXEN'T IMPi.ANTATioN uP EC~TRODF.464

taekenm wilt .e ek. or nonths of jit.. .,. apt Avii t
f* 4 I~~ithc rnecic' rce-t!4-It4u %timuaticpn ticre art

Rcnkrj cifh, r eixccre. Af~ter .1. ha ge evotcel im ltad tivr4Cn five %kn wh. It Ne a great advaentage,
Irv' Al-tricviI micceaIai1n of tire bm..in 1,.1 a ty jiii.e Wcit ih I.- tv,-Iiyu-~e~ havce the follocwing ficnltactin-t

Pa:til whicrh ark~uet-'I it,.e-If e'fr't ime~ : pouint (a) they trtaiiet Ire eimce. Aeer rprordingr; (b) in
w~le Ai icnceete'. with :iicer-;.ri.a r" itenit ie* . Tie..- geeeraI ora ' v~ aoe,- jeci cct of lee' lrecic macv he atimul-
iat ecats we? r eitil fl-r. 4:' .. I i nit but I t' I e it is o ject,eica,I~. toi flsreiitur th i ti.' an~~t ion

& PC V3AWVML.A

Aa.

Fig 4

P'tri fxmiiaetmvvtiantiiyo abpi' eeNmldrn

t e b-v~u I-itL.txaplmlie ~-e, n mt* h #'N i2 mot., ati

Plecrarle i x utwninc g aieen.aTheeeeisc. Wall e'trieai acftiellm o of tpil e ceilne dytul
in th rhiene he'an tiheenztn plataraietl ovnee~r thcen wIra oter mout, nimrest, Iamind etn th S

motofren *adi reoi' ren i s.. iktaigeI 00 tclsimtlat~ac'!inemua ainid a the~o peieitendtal
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21.rI aq* are rinploye4. The1 amr "ft wt.ien'i -+ it .1aram tia. arr.h-itas hnoaluieo at lewis. and

tno.&" -""ss qararsintle. *i"se will, Otaus III.- stan. is. k"a tijAturlting to tow animalat.

effort anti "p-mao tr~a: moe Itausla an. avaisl. Implanttiont (if .. tvtoimk, e."f het atriattttvt

ahis. to addtiotn ti- this, these rnstrisrlions k.ttm an. .leirnst no~ IN- ,msIsslur matter. proved to be

the. intorflead .11stiapres euantant. whith is a gi,.slt st0s". ati ]utg tons." imilnntotis'n did not S.orn to

n,.

rig. 65
rxvmn' s a' aifter sdipars.Ln"s howing stimsilar piattenus., evokedi by Stiula-
tihu of twse Imaoint with -pow- month of interval.

s~advaotal in .oalarisg petet reronili.psu of affuort 111V hs~uith Or beaVIO? Of the animals. Eletre-

different ar-s.. In sssnls t..hasj. *.. srlrettssde f-o1gilutiOfl w.-n more )INANtItOUtL Ptt~ttisls.11y, thai.

are fixed to the skull by uinaa of superstruetflift, watt nasa. !zahI,. eonostanvar of results wheu similar

sorews-i to the lsssr.e. I- sonttrvst, the iow of denstasl experimatt wene pIK-forawsl W~lh moVIths of Slteivsal.

semina onti martallic s.6stres to fix the ektetrosios This was. of spot-lot interet coneernit' eloetrleal

to thr ,ssll In. far *P.4 balky, it is.i ap sier aps-ristiota artivity. Am. theres. wait desttruction along the mwei
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tract. flhe reusr.lI.u artivity .,.nt.I r..prt-itt. the~ dki. ,itioni. -b, not Otaupa h~v*iring~ the. loe-rits- of oliper-
turIbaiuc poitlls".I hr the, iin...*flion %f the. v..l ro.l,,.. Vatin.

I... horain. I evr. 44,.. follo.wing ::rguntis Jm . i, H. if:F.:R.N1: ..
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in ilitffroot .sn-Ax.. which *urut that Ibo. :i it, ItunJ1.m., 1'. It. an-I EI.Kvns. J. A terktiime felt
wait liig rreaisi.. :3,1. hoot :0 cool. . r.co.rdinog the~ a-lo-t-rival neit fit thi brnin iii

-irtivity: let Inittern*. if ,.heetriva'. nctis ty of nwl,-i the3 ,;;-ou u4illo.NNHis trrihso.

Witth 11iSi., .-f iftll".3-:I (4 . m,,4ir it 'Vro-ti,o.t I Gt:F. C.. F.Air.n1. 4'.. Pi:.r:-. .1. I.., 901AP.tiiN,

,::t u.Ilo.-t itt. lout 4hi6l newt ,uliw %INlfir pgri4 ini. tit,- 1ii1 ,. fri.,,,i *tegit .l.ro in : E
.liffo*n-nrevi fro,. the nrlivlr rt-r.,rhi ip splt Vitsii.I i4 IN ~~sd lr~io s ..4. 6: ,4-2
'L-tromk-. it wiptilit ,s-.n that. even if the. pri-to... CilAFFY. I. L.. :iiil LIMI,? Rt. I.'. A niethoid for the

of ll';nl"r"Ul roouc. voo ntertin o te intiile .ol ol of :-Iqvtrin; ,.l iiilation of the
of~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~~hr(U -y. oI..,u~ ir.u. ins ,tra .i ~ ,,. otru~i. Idale J. Riol. lMed., 11K4 7: 83-

hers~st. rho, *..eri.-ulos nowdiots, e. o,diis con.sn 1'4
oloorpool thor m ro nt mntIhs of obh.. resatup.. i 'LARK. S4. 1-. :1111I WARD. J. W. Elei rivo, ,itionulation

o~f the rost*x ri-n-liri of ent- Relipooto. ,eIieit-
)IrNINIAYMlt' in rhrossi,. eimneno thrmislh implisted

1. Techni.guv'. ..f comt rurtion ;i, n-Ii mimpoi,f IN .. V: 1P_'7-943.
of inauilera.l ,'l"In"I"oc in th.. loe:,in of aliiosi11 are J. M 1..~.. ! Ht. 1 .. zlolna -1111:1. ido. q iortezu P elc
,l.,.riloo-l. T,'.Iuins? ps'n-bitnot.. .f impl~antat 4ionf are 1143,fona. 1r f. N~t.si loolcc,t.,
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rhetroltc. 1.loiu~ an .nlI inslon'na..on he baumi IW144its. J. Mi. RI. Hi-1 ..i,n.. i* .-vkel ii, wniking ent
unmfine withbout hi..t..tgirol alter,,ift or uthe. n,"ir.,,,,. hey i'Ii'clvui..: I Oiinulaioi ti vowori ,uortex. i4mrr,.

.1. 1'AvioL. ', 1: 434464.Jam:lK.. of the h..4rain r,unsitilnK frion ne.'.ie ..el tookllt., ii .1. NI. IR. 4'ero,'l~r , trristhirep ingvolv, in
%us. grinstallY "... thist, I i.,. in oli,.,neti-r. I nf.ct itin.. 4 rumnini..ion ind elaiiln of ii.oip itins-n
were rare. l''towgsuim wao. notirn' havouz mo.. lion. J. Nrirspho..il.. 135, Isv: il-g-o3.

liit... J. NI. It. ;n.-I ANANXO. BAt. X. Inertea..
4. ProbongeoI eh'ctricail totim,,tati,,n of tile hriin ti foo i"it liv eI..rien! timuitions of the

id not rio...' ai.v ol..loctall linial ha..tiligi.:iI haivruI 11i*iil l~in; not. .4m., . J1. ti'hgion.. 1963.
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..tins"Ittioii" * ft I.-. trlidnI file eachI inlt. an ld Li nijil fiel nnammiri xg ehroniri~n.~
relint4,4. throug1h tiiv *rod-~ fo~r e-i..I i. mf iniolal ion or rt-oinn. J.

U, IN- raither emoo t tlirolihooit the ?no sI4 if A. A r -,,~ in i ik toniqu'titmw otuge, :11cc t vle filorn

111-ti,.rilo. ENG Clipt, NVionyha,n ol.. 1343. 1: 241.242.
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I. ~ ~ ~ ~ trh4 AI,. euIei it roi cool nm.i.aiygila Ii,' ehill
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