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A GEBNRERAL INTROTUOTION To THE ACOUSTIC SYSTMM

Lo B prefece to this lnvestigation, 1t is necessary %o pursus a few
of the toitisl efforts toward the localisation of fumetion in the cemtral
nervous system., Since Wernicke sad Broca dlscovered thelr respective ceaters
in the breain, much pttention hae beea pold $o the entire prodlem. The relation
of the centers described by these two men %o the sense of hearing have been
ndecuntely subatsntisted by cudeacuent studles as reviewed by von 'ihaa,luwu)

(3,4)

and Preiffert 2 ya husen bBeings. I[a addition, Ferrier's (5:6,7)

sad Scheaefer's
sarly studies on primates deprived of the firet temporel coavolutions have
tndicated the importsnce of the reglon to acoustie memory snd recosnition,
Theos investigatione, hovever, do mot justify the conclusion that this is the
rvagion of incoming fibers %o the cerebral gorter for the mcousiic sysiem. The
santomic demomstration of the radiztione in primetes end thelr origin in the
medisl geniculate body were dependent upon the imvestigstions of Ferrier and
turaer®) imkovert{9) roljek, (10} Kornmaiter,(1) Glark,(12) musales
and l‘sgam(m) Ades and falﬁw.“’s} ¥alsl ens I’mluy,(“) Licikllder and
iryur.(ig} end Bailey, Boaia, Garsl sad ueaumanﬂ 17 Their findings have
led to the comciusion thet the transverse gyrus of Heschl, cooupying the
swoerisr surface of the first temporal gyrus is the predonineat site of ter-
minstion of the radiatiosns. Poljsik's study would farther indieste & projection
af mdeﬂuﬁ. origin entering the nagular gyrus, |
Hyelogenetic stwﬂiu( 13, 20,21, 22) in view of others' methods of sporoach
assume pome eimificence in localisation of pethwaye. Flechelz and Vogt both
found that the relationehipy of the medirl genioulste Body to She cerebral
cortex is in the superior temporal gyrus. OGytesrchitectonic investigations
(23, 2%, 25) in pert are found to sgree with other methods., Brodmann'e desorip~

tion of specific celluler ptructure of Heechl's gyrus, se sn isdependent ares,



ie justifindle. In the oat and dog, no such precise sgreemeat is fouwnd be-
tween this method ssd other sastomic sud physisclogisal methods.

The primsry large areas sre resdily dlstioguished. Heesat osellio-
grephic studles tend to disoredit the divisioa of the cortex imts ite aress
of laminer eell ntrmtuwegas“”} The cortical potentiele defly snalysis on _
the besie of leminer stmatmév%“ﬁ}‘} Inssmuch ss they are stristly electrio
field phenomenn, snother type of study of cerebrel structure 1s esmntialé 55-58)
ssoecislly from the sSamipoiat of unite sbout afferent and efferent connec
tlunzgﬁg} |

The esr cun physieally be treated mont satisfactorily ss e recelver
- of sousd emergy. A receiver can be defined se o mechanism for detection of
any of the charscteristics of sound, vie., displecement, pressure, veloslty,

(60) The charzcterlistic or group of charscterietice which

agceleration, ste,
is zotusllydetected by the ear is mot kmown, &lthough maay hypotheges have
been nfuraﬁgsn Certain facts are known sbout $the cochles aud the mechanimm
of hesring. The frequesncy of the sound wave mppareatly osa stimulnte only =
loeal reglon of the cochles and the polints of etimulation along the length

nre related in esuch » manner to the freguennsy that ths dietance is a lagarithmic
(62,78,36.37)

funotion of the frequency far the gréahr part of the reange of hearing
| 719

or perhaps 1t may be related more clasely %o the so-ealled piteh interwal
The amplitude of the sound wave is possibly relsted to the number of fibers
stimuleted and Yo the guaber of impulses along the individual fidere fmom o
partimsler rogion of She mz:h‘%ugﬁ* 78) Fhase relationshipe are mot detested
by the ear'®%83) iy latter polnt 1s quite obvious in ordimsry ssplifiere
wvhere conslderable phase distortion la ,:;rmmti‘ah) that san mot be deteeted
by $he aversge esr., It is o problem to overcoms im televislon regeiveres where

it ie necessary to reduce to a minimum sny such distortion or %o compensate



for such distortlon aver & raugs of 20 to 3,000,000 ape. 89

tn impedance matching device exists in the mechenise of the middle
eay, trensforming tha large displucement varistioms in alr %o those of large
pressure varistions ia the medium of the imner mr?m) Ths large differences
between the specific scoustic reclstances of sir as compersd to that of the
bone sad liguids of the tissuss, & wvalue vhich is of $he arder of seversl
thousend, indicates that about 98% of the total casrgy is reflected is the
abgence of matched impsdences.

The medullary suclel wpon which the cochlear smerve projects has been

known for a long %tlme, dut the relation of imdividusl parts of the sochlea

to thase munle! is of recent origiaﬁsm} The course of tha scounstic aysbem

i n Bom -

thesugh the medulla Vo the seseacephalss and dlsacsphe
mn{w"w}) but in i{te figer aspects much dlecrepancy exists. Uo lecaliza-
tion hae been chown for fibers along thie path., A point of dispute has decn
the conrss of the $pailateral fibers to the cerebtral cortex, centering chiefly

eround wvhether the fibers 2tisin their courss at lower levels, which seems

{ 104=106)

to be the cese 1a oots and dogs, or at higher levels, such ss in the

region of the infericr mnmanim?? Crossing is denied in the primntes in

shyeiologicsl axperiments on the pathwayts 18) In sddition there is apparently

& specles difference between the radbit and the mtss 106)

loczlisation has been demonstrated iz the medinl genioulate hody for

{ 108-103)

gifferent frecuencies, Thie beare confirmation By other methode.

The early iavestigations employing oscillogrephic mesne of recording

used sudden clicke for estimuli, By thie pethod ﬂs‘suhm'{n’m K‘armﬂlerﬁln

(111) (15 remert113)

paviet 11 gerard, Marshell and sswii'® mowtss, 4.5, I,

{11l)

Brewmer and Dow, and A.ﬁen( 116,117) have ouilined the srem reaspousive o

elicks in the cortex of eate snd doge. %alel and Hw?.sey( 118) have shown



thet responses o cliscks are loet i certain regions of the acoustic cortex
by cochlesr lasinne,

Thet stisulstion of the loonl regions of the oochles san excite apesifie
reglona of the gerebral cortex, bBoth Ny eleotricrl atimulztion =nd by the
wne of pare tonen is aammszz’ﬁ“”}

Thers L alse epparsntly a rather complex arrangement of thie projse-
tlon arieing in the pedial gendoulste body. These phyelologlieosl experibents
are gupported by reosnt studises on the spotomiesl comnsctione of the medial
genleulnde body to the cerebral cortex in the mtgn?’*lmy In the e=st anéd dog
the spres of the gortex imvelved ccoupien the middle sgtosylivien gyrus se well
as the deraal pordisas of the antertfor smd posterior cotosylviem gyel mnd
the swrlewian ggrue€3g'57)

Unpubli shed erperiments by Allen on doga deprived of the sabowe ares,
indionte other affoprant fibers sen be wsed for ecorrest conditlioned differen~
$ial foreleg responses. A new sres Yeseptive to impulses from the cochlea

121)

has been mmﬁ that 15 not directly relnted snntomically $o the other mrems.

Regent studies on this sres mageest that 1t 1s aimaificaat.
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af the Tog

The areas of the cerebirsl cortex ta which the accustic eysiem projeets

{3

have mot been Paported in dstail in the dog, although Ferrier pointed out

meny yeers ags that the mlddle ectosylvianm gyrus of this snimel i the cortical

sone for hearimg. Yoslsey and 'afa’hl{)ﬁj

receatly have ghowm thet the cochles i«
repressnted in the cerebral cortex of the est, by electriml etimulsilon of tha
bony epiral. Prelisinsry reporte of sudio fregquency locelimsiion ia werious
species ales have appesred in resent literature. Studies now in progress on ithe
sooustic sesoclion conneetions of the dog made necessary m more exect investi-
gation of the sress recsptive to toses in this specles. Experiments Us this end,
both by aviio and elsetrical stimulstion, were therefore usdertsken, the results
of which are preeented ia the followlng prges.

Hethods. The snimele wore deeply sunesthetized with nembutal oF with »
10f urethane solution of Disl-Cida. ﬁsﬁu‘l surgionl sapportive messurer ms=isteiuned
the waﬂﬂm of the smimel. The ectosylviss and sylvisan gyri vere euposed with
s eoiroulsr cranizl opening, which wes liberally surrounded with cotton sonked
tn Ringer's solution. A shedt lemd ring § om. outelde dismeter snd 6 ow. inside
dismeter wne smdodded in the sotton, conoentric to the openimg. The ring wes
grounded sad through ¢ ootton bridge sosked in Ringsr'e solubion, served as the
indi ffersnt electrod Eﬁﬂ The active electrode was & cotton wick molistened with
Ringer's solution which was moved over the cortex in 1 to ? ma. coordimate divi-
glons., The indifferent an? retive electirodes ware led through 1.0 mfd. conden-
gere to the imomt of & % atege Alffereatislly balmmced push-pull saplifier
&han output was fed into s onthode ray tube,

Aeoustis stiwulstion: %he sudic freguenny elgnsl woe gonercted by an

asnﬂlaﬁar‘zm&) whose output was fed im snother room imto the grids of & 79 tuhfm-ﬂ



Pirect curreat lmpulses synchronised with the swesp eircult of the secillograph
vere fed isto the grid cireult of o GF6 power amplifier tube, operating below the
plate current cutoff poiut. The flow of plate current la the 676 tube, crused
by these pulses, activeted & relay which eliminsted e Bigh negative grid biaee
voltege in the T9 tube, allowing the sudlo signal %o flow ifnto & beffled loude
gpesker. An attenmustor wes plmoesd in the fmput olrouit of the 79 tube &o reduce
the niaimes output of the osel lalor. The output of the osoillstor was considered
eonstant over the range of 100 ¢o %300 eps.

- For uni-lateral etimulstion, after destruction of the cochlep of the oppo-
site enr, 2 loudspenker was placed directly opposite the snimel’s ear at » 8ls~
taose of sbout 1 mater for the amatm-hiemi end 1/7 meter for the ipsi-lstersl
slde, The ftnitial click frea wave front from the loudspecker constibuted the
physislogleal stimmluas. Beosuse of non-uniforsity of say loudspesker m;mé 124)
medification of ssund by eaduction, smd lsek of sulteble migrophonic eguipment,
no grlibrations were mode in torms of decibele, In conformity with mewrsphysiole-
ogleal methods, the stimalus wvalde 12 denoted ns threshold, meximel, sub-meximal
ead supra-saximel for the cortical response. The corticel focus of s {reguency was
detersined by using o wimimus thresbold stimulus.

A sicrophone situated at the level of the oval windov was conaseted through
mnother anslifisr into 2 second oathads oy tube.

Elegtricel stimulstion. After exposure of the cechles, etimulating elec-
trodes, consisting of the tips of o pair of Ho. 40 enesmel covered eopper wires,
were pleced on the bony lemime 0.5 %o Q;T sx. apart. The shoek wes 2 condenser
discharge of a magnitude orusing & threshold corticel respoare.

Twelve doge were used in the present study:; I for ipsi-latersl, 3 for
sontra-latersl, snd 1 for both contre- and ipel-~lstersl sudio frmu@q mti-ul;a-
tion; U for ipei-lateral and 1 for contra-~lateral eleatricel otimmintion of the

enrhiem,



RBesults. Hesjosses from the contru~latersl cortex possessed s lower thres-
hold than thoze of the isei-latersl ride. On both sider the uwsusl initisl re~
aponse for She foous of & frevvency wos wurface positive (Fig. H). With suwre-
meximsl etisulus welues, susll eurface positive Cesponses were Teeorded for a
distsnce of several millimeters from the suprasylvisn smd the doresl portion of
the govomel gyri. Initial negetivity was sucountered in all experiments in various
parts of the cortex, but wae cousiatently present along the mldile and anterior
sctosylvian gyrl bordering wpon the swrasylviss gulous {Fig. 3}. The nego~
tivity was obtnined to all audlofreguencies, %o the electrical shock, and hse
besn oduerved to slick stimuls tlon. Ome pelst was responeive tu & wide reage
of fregusncies. |

21 nl slde. Figure 2 1lluatrates the fool of resgense for
verious frecuencies of the dorsal aree {Fig. 1) slong the amiddle ectosylvian
gyrus, high fretusacter sateriorly and lew freguencies posterlorly. Thresholds
veried with fretusney--~-decreasiog townrd the high., The outlines resresent
the responzive nrea for ssch frecuency studied st 1ts own thresholi walue,

In genersl, resposses were lergest nesr the ceatersz of the fool, with dimin~
ishing size and veristionm of letenclec ms the periphery wes u@pru-aheé.} The
foel wors arranged linesrly about 2 mm. spart, with meighboring frequencies
reloted to each other as cctaves. Hesponses $o 20,000 sycles, the meximum
output of the oesilletor, were found emterior %2 sad overlsppiog considersdly
with the ares for 16,000. 2 moderste conceatrstion of foel wns obaerved for
fregusncies 100 to HOO,

Ventrally, on the saterior sctosylvisa gyrus, responses which reculred
# stimulus supre-msximal for the doreel sres were sbbained ts frecusncies
100 to 800, but, vith msaller iatervals. Frecuencies Y000 %o 16,000 elicited

responses fros the pester estosylvimm gyrus with o similar pstiera, Those of 800 and



LOOU eppearsd s spremd towsrd the ectosylvian wsulens. Regsonses o 1600

and 2000 wers recorded from these areas inte the reglon of the suleus and the
syivien gyrus. Tisorete foci from the sylviem gyrus were obtained infregusnte
1y. Under desp anesthesia (Flg. 2) responses t3 HOOO were limited %o the pope
terier, ectosylvisn gyrus, and responses %o 300 fo the saterior c¢otosylviam
gyrus, spreading slightly upon the sylvisn gyrus., lorcmlized polmts of response
to 16008 2000 were fyund upon the sylvisn snd posterior ectosmylvian gyri.
Under lighter snestheuin, the arens for LOD smd 800 spremd upom the anterior
portton of the sylvien gyrus, MOOO spread from the posterior setosylvisn gyrus
over the sylviss gyras, while 1600 & 2000 sxtended from the margine of the ares
responeive %o 16,000 morose the aylvian gyrue to include a large portlem of
the sres for 800. Yhe responess e 800, 1603, 2000 sad HOOU wpem the sylvies
gyrus were smell, 50-100 misrowelts. In the latier experiment ths aylvien
gyros wes remeved slong the sctosylvian sulous and the sdjacent walis of the
setosy lvies gyrus were explored., HRespouses were obislned anteriorly to Lo,
800, 1600 smd 2000; behind snd dorsally to B0G, 2000 smd 4OOU., Freguencles

of this veatrsl srem were srrenged in sn inverse grder %o those of the dorsal
ares.

ippi-lsteral glde, The dletribublon of the respondve focl for the
fpui-latersl side resembles the contra-latersl side in detsll,

Eleotricel stimuletism. (Pig., B). Stizulstion of the ventral curve
of the brae of the coshlen with 2 condenser discharge at threshold strength
gave & fgmmim ares in the mpterlor end of the middle ectosylviem gyrus.
¥ith supra-meximel stimulus, an ares was autlined apom the posterior eotoayl-
visn gyrus. Stimulstin of the middle eoil produced & responsive area im the
mid portion of the midile ectomyivien gyrue, with or without ite ares of high

threshold on the amterior ortion of the syivien gyrus. The ventral ares on



the aylvian gyrus, when dempasivated at identical stimulus valuss %o those of
the apez and Doce, oceupied snly & fov squere williseters, wilh smell responsssa.
stimalatisn of the suex activeted » reglon ou the posterior amireaity of the
riddle ectosylivian gyrue and with etronger stimuistisn ¢ foous wpon the enterior
ectosylvien gyrus, The doreal snd ventrsl srens wers bllaterally reprecented

with greatsr activatisn on the gontre-latersl cortex for egual ctimulus wvaluse.

Discuseion. !'amiet@ }‘ma tucteni asnd 7m‘burini“?5} sarly concluded

that the middle ectesylviea gyrus io the deg wee sa lmportent lendwsrk of the

126)
neounetlc eysissn, sltbough L!i&iﬁffxi( later found the sorticel seountlc arss

(127)

to Le more extensive, Munk and ‘&as.»rl;e»ua-{m? ) enphsnized the tsaporal lobe

es &n “muditory schere.® Thelr phyeleloglos]l axporisents, however, do mot

A8abineut < betursn the interrunilon of dMeorimivation snd that of sesscl-tion.

w

{12
The present lnvestigntion substuntieten Luciesti's 9 shysiologiesl domcnsira-

3

tion for the existence of erx "uncrosued? pathwsy to the cersbral cortex of

the dog. h&mwﬁ

in Peviov's luboretory foumd thet absolute desfness supere
vened snly wher the ssterlor ectoeylvisn and middle ecteaylvian gyri were
fpa'uded im Shelr temporsl lobe lesioms. Faviov attributed the lose to sub-
cortionl structores. Tespovel lobe lesions involvimg the posterior portion of
the area outlined ia tbhe presest investigation disturbed tramsiently confitioned
slimentary reflexes to iadividual tones, “ut seriously lampaired i serininction
of nscemiing apd deccending tonel eerles. The experimecnt of Tliseon, described
i Pevlov's book, deserves mention. A reflex was established o a chord,
£5-256-768 dv. Rach componenl prodused a remetion lsss than the entire chord
bat squal among themselves. The lesions, iasludia. the scoustic ares of the
present demonstration with the excaption of the amterior portion of the antesior
setosylvien gyrus, rémi& od in lose of respoase to 768, but increseed resction

to 85 sad 256. 768 with reeuforceseni reaseumed ids conditisning properties.
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The lesion removed the grester portion of the veatrel ares respoasive to BOD,
leaving intact er-as for 100, 200 sad 400.

Aesnlts of sudio frequency stimulation sre supported by 2lectrical sti-
malation of ioesl reglons of the mohlea. gtk phuses of the present mm‘-«
tigation show in the dog that the extent of cortizal localization and its di-
vialons inte two aress Jifferinmg in locatios, threghseld, and petters ias siailsr
S0 the condition deveribed iu the oot by Yoolsey and hhl€ 363 by the sieatric~
8l methad, For thelr “primery¥ sal “gecondsry® areas, dorsal awd weasral,
roupoctively, bave boss substitubed %o =veid lwpliostion of kmowledgs of the
funotions of such syems. Audio freguengy stimulstion ndds iaformation oo
ceralag locsilization which 1 wmobtaiuable o elestricel stimulztiocn,

Aa at the ceshler Mwlgsm the arreagement of susceaulive ectaves at edusl
intervals L2 opparent in the dorsal ares of bhe cerelrsl coxtex. Thios was

shown by Veolssy sad im‘iﬂ{} 6) for the brsal Vurn of the goohlen., ¥The soderate
sonoentration for 100 to 400 mey be due to hersomic distortion eince strong
sbimulus values were used. However, separation of focl indioktes the activity

of the fun'‘smentel. If the dlstence Detwesn two focol of exeitstive (or iue
hibition) in the cortex ie necessary for the dlseriminsiion of two tomel stimull,
thin suggests an explemstion why the iaserwals of the chord, thirds, {ifthe,
eighths, ete. of the harmonic soale are recogaized as ejusl or ideatiosl irrespeo~
tive of piteh level. |

The veatral ares does B0t axhibit the sswe relation of intervel %o dig-
tanse, but comcentration of faci of the high snd low frequenclies with dispers
sel of the lutersedicie fraguenciss. However, within the sress of congentrae-
tiom, slight shifty of foul sre evident. GOuch a patiern m be merely spparent
becsuse irradistion with intense stimuli, possidle et saveral levels, namely,

{718) (36) {

coohl sar, gendenlste and mrtmui,km oould sccount for leess diserete

localisation. Or, 1t may be resl, for the development of the mlddle ectosylvian
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mleue in the dog, together vith the demonstirstion of resposses withia the
suloun, and the dimimutive charecter of responsee froa the sylvian gyree would
tndicate lengthening sué disperssl of the oartical area for the inteormediate
freguancivae, 28 well as redoction in the nuwber af fibers to $the aylvlan gyrue.
“ae responsive ares in bthe pressmt work sgreee well wish ﬁzni:‘h-l’i'uf al hisztelio=
glsel type for ectowpivien B cortex, but dissgrees with the statement that the

sotouylvias & cordex is the maein projeciion svean. Eis clagsification le

i | {; 17» =
supported by mewro~physiologicsl investigntions im other systems. 136,132, 86)

{ 120 v {119
detrogride studies' ©o°) pnd Walleriss degeneration’

o5 connsgtions
of the medisl gemiculste body with the cortex in the sat support the orcilloe

grephic studies of Weolsey mad %1&;1‘25*);

Eepsuresents must'be postponed until further date are avellable.



The purpose of f:hla study 1s to explore the cersbwel corfex for the
presence of other mress {or reception of sound impulses, ather than thove
reported pruiauﬂﬁy ; Thin was sugeosted by some umoublished findinge by
£1len in whte the anditory cortex of the dorsel sad ventral aress wes axtir-
pated or seagulated thermelly sad the dog wes able ultimstely %o re-sequire
sarrent mn-f!i tloned Aifferential ressomses with the forsleg %o bell snd iron
cup stimuli. |

Methods., Dal-0iba and peatabarbliéal sodium were employed as the
ensstheotic szents on siternsie experiments. In gemernl the techaldus of tomsl
ond eleptricel stisulstisn eed the methnd of recording have been deeoribed in
the pravioua mvaaﬁp%iaai}?} The followlus elterstions 'V the detsils of
the techui ue were mode. For tonsl stimuletion the loudspesker was pia#gé&
shout 30 cus. from the saimal's sar sn! the tones were presented st full gals
of the saplifier. The wave front of tones reaging from 100 to 16,000 aps.
at intervals of frecuency Yesrimg tha Petio of 2/1 were employed and this
portisn of the corter was sxplored for responses in one mm. coordiaste divieloma.

In eloctrical stimulstion, condenser discherges were led through scoppey
wires to produce sn electric field on the spicel, middle, snd bessl turne of the
Bony spiral. The responsive focl in the dorsel and vemtral sreas of the corisx
were outlined $o stimulstion of these three points of the cochles at thelr
threshold values to sssure that the elestrodes vere situnied at optimus positions.

#ith elestrodes a# either the middle or splesl $urn of the dlspected bony
gpirel, the msdiolus wes affestively savered by means of 2 dentsl pchisel introduged

between the dpasl tura epd the boay erbit of the cochlem.



Intraersnial sectlon of the sighth nerve wes accompliished through am
opening in the cosipitel bone followiag exposure of the merve by sentle sliewstion
of the cerebellar hemlephers with 2 small vetrador.

The dovsml snd veatral areme vers either Pemoved %o o depth of one em.
with 8 spatale, or comgulated by mesne of a Mot Jmbfe.

Twelvre dogs were nsed in this investigetios.

Rqﬁlim The responsive ares is the gerebral cortsx to tomal spilmulotion
of the inteet cochler 2nd %o electricel stisulstion of the dony epirel of the dis-
goated sochles is fllustreted 1o Plgures 6 and 8, respectively. 1t ssouples mbout
9~ 20 89. ms. of the cortical murfsce on the ventral extresmity of the saterior
edtosyivian gyrus whers the latter unites with the sorousl gyrus $o form the ag~
tarior mlﬁmita'gﬂu‘ In seversl experisments, res nnseés vers oblained frin »
portion of the zortex extending 1-2 mw. wpon the posterior usrgin of the sdjecent
gorompl gyrus. This losction nf the responcive areawas quite constuat from one
anlmel %o emothes. Iu most instances, 1% was tsolnted fvom the venirsl eres by
g uriur.mn dve reglon, slthough an ocoaslonel saall isitislly mrgotive response
woes found in the dorsal portion of the imtervening strip of gortex.

Responzes from the surfree of the cortex were obieined bilaterally with
slectricel stimulation of the bBomy spirel (Figs. § and 10}, but only on the
contra-lateral side with stimulation by meane of the tones. This mey b+ dus %o
the low output of the amplifier. Responasss %o eleciricel etimulotioca of the ipsi-
laterel stde vere smsll {Flg. 10) even with strong shocke. There appsared to
be some indicntion of losslisetion Bus the overlep, perticulerly iz so esall an
sree, was of such megaltude that the point omnmot e stated with cwrtalnty.

To sleotrical stimulation of the splcal, =m12dle snd basel turns, the szplie
tule and distridution of the crtical responses wers about _eqnal {rig. 9). The

threshold wes auryrisingly ldw bat was higher than for the dorsel or ventral



arese. Todes glving cortiesl responses were 800, 1600, 2000, K000, 8000 ead

16,000 eps. (Fig. 7). ﬁamsiomny HOO epe. geve 8 respomse, DAt resjonces %o

100 and 700 epw. were not fmmé in these axperiments. These two frequesncles had

to be gives &% full gain of the amplifior to obtala responees in the doresl sad
ventrel srsas. The ressonses to both tomal mmd electiieal atimuletion wers charsc~
teristicelly surrace positive snd possesesd litencise (7-10 mescs.) coupereble

to thoee of She dorsal snd veatral sreas {Fige. 7. 9 end 10}, 7%he smplitudes
greded off nt the periphery of the ares mﬂ. reoched mariswas vithin the ares of

200 to 500 mierovolic.

With nn inteasity of the elsctric fisld adove the threshold for thismres,
spplication of the stimalus through She copper wires to the mucous membramns of the
widdle esr, particulerly aver the copchles, 4id mot evoke sy responsss im this
reglon of the cartex., Abdolitiom of rewpenses %o elestricnl mimﬁﬂiaa of the
mi-‘hﬁ:il end aploel turae of the bony spiral wes shown % follow seversncs of the
modiolus below the bassl tura (Fig. 11). Shocks spplied through sleokrodss
plaged on the soversd stump wers ebill effective in ceausing the respemaes.

The megnltude of the sorticel responses o the soun’ wave wore diminished
bat not sbelished by plscing » solid obstacle between the loudepeaker and the
snimsl's ear. IMxtirpation or cosgulstion of the dorsel and vestral aress (Fig. 6)
to » depth of oue om. did not prevent the responses.

Intraeorsaisl sectisn of the eighth merve sboliched the corticel respouess
%o iths &mﬁi {Pig. 12). Pxemimntion of the breine revemled that the Sth nerve
vae complotely severed lsteral to its entrence inte the pedulln withoui injury

to the Tth neyve or the medulla.
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DL ecUssloH

Yon Hﬂm&ﬂ’é 1

destroyed tha ventral parte of the posterior syivian,
setoeylivian, esctolatersl and souwposite gyrns 1o 8 et whioh resulied iz almost
somplate dagensration of the medis! genienlate body. Zm Lllustration of 2 trene-
verse section of the syecimen ahows & gross enlargemesnt of the veatrlcle and thinming
of the white matier of the sntire heamiephers. The destructive gymmm in the
coredrsl coriex sppears much grester thsn the txﬁmt of the lesion.

In Dog § of ftucianits nxperimmhi 132} ths gucceesive multiple extirpe-
tions of %he posterdor helves of the cerebral hemispherees included the rrea dee
peribed in thie paper. 'These lagions sarkedly dislurbed the reactions of the
snimel to bhe hesring temts. The heariag tests., oraeistizg of tSurnlyg the head,
Tlioking the ear, %0 = tuning fork, S0 molses, %o the sound of dvepped food, wore
simple snd could repressnt subsortieoal reflexes. However, Luciani concluded from
his experimente that the snimal wae denf as & remmlt of the lesions., The gther
significant extizoetions by Lucisul were complicsted by the presence of menipgli-
tis mnd sbsoesser and can i mo wey jJustify the comeluslon that the audltoery ares

{126) 127)

L { ‘
1s s extencive sy he deecoribed. The investigtions by Nank, Alt amd

310010 3 ka1t aoher{ ") Rothueans - wwi£t{176) ans Paviev "’ 4o mot include
this ares,

The proximity of She mrem to the Smetile gyetem hae received partioular
sttention, beosuse of the possibility that tsetile endings were stimulated by the
sound wave or by the slectric field., Marshall, Woolsey, sad B;mii #5) have obteiped
resgonses in this reglom to Diluteral factile stimulation of the farsyews in the
eet, i}tasrai satsneods representation of both fore ani hind pew ves foumnd by
“( 130)

Adei in the cet and dog but only to comtrs~latersl stimuleation. HRepre~

pentation of the 5th nerve wee found by the lotter iavestigetor upsn the soronel
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gyras. The present fisdlags inmdieste thel rvespotses are nleo obisined in this
raglon froa the ssohles »¢ 4ts savirsnuenty. UGerisinly ths Sth nerve sud the suesup
eenhrens ¢f the middle esr is excluded me the sourge of the potentisls. Gince the
seventh serve in 1% courss through the temporsl bome pseses nesr the coshles sud
innervebes siructur s of the alddl. esr, 1% zust Be sonsidered ez & porsible source
of the ;stentisle. If the elogiric shock ia too strong, wovement of the faelal
sasgles 1o elicited, However the cartlicsl responee is gbolished by cevering ths
sodlolas st 1%s base.

3y employing tonal stimulation careful intra-oranisl section of the &th
nerve slone without imjury to Sha Tth makes 1t apparent that the impulses come
from the Sth nerve and preobadly fros its cochlear division, sinee sechlon of the
modiolus sbolishes the potentials to tim slegtrie ehooks applied %o the bomy
splvsl. _

Sinee extirpntion resulie indieste that this eres s not relsted to the
dor=+1 and vemtral sreas, 1%t is congluded that the responses probedly ecrise la
subgorticel centers by irrsdistion.

The ventral sxztresity of the eatsrior estosylvian gyrue lies in & reglon
from vhish Bechterew snd Nislnwd:i( 137 end athers by faradic stinhtién obtained

4]
salivary secrotion medisted by the chords tympanl. nm{}’ !

dlscovered in ths

eat & welkiay type of wovement of the Sl leg at one polat sud & hisd leg movement
ab sh adjacent point by stimulating thls region of the cortex with a farsdic current.
By placing one slectrode over esch poiat he was able to elicit & peoculisr |
walking or sore sesrly » ewismsing soticn. Gurul{}}} hos oonfirmed the sxeitadlle
ity of this part of the cortex, fiadisg similer rapnlog movements sid an errange-

gent of the body petters in an inverss order to thet of she gemerally scoepted

exoitable sortex.
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BUMaANY

The general aspeots of the seoustic eystem were briefly sumsariged ia
Section I.

Section Il 4: a8 senillographic study of the chief affersnt corticsl comn-
ections.

Focl rempousive t5 sudle freguescy stimuletion were demonsirated in the
corebral cortex of the dog. These fool ocempy the middle ectosylvien grﬁs {doraal
ares), high frequencies locsted anteriorly, low frequenciee mstgrieriy. wm:n:'
wive cobeves wers arranged nt ecusl intervals slong lhe oortex.

& ventrsl sres popssssing en iBverze srrangement of frequencies aud &
higher threshsld wss demonstrated witn freguencies of 100 %o 400 concentrated
wpon the snterior ectoaylvien gyrus, 8000 %o 16,000 upos the uosterior, mad
the intermediste frequancies disperged over the sylvian eyrua and mliddle octo~
sylvien sulous.

Fech err was repressnted bilsterally with the same patiern, but more
strongly for the comtra«luteral alds,

Zlectrics) stimulation of the bony epirel of the cechlea supports these
obeervationa.

in Section 151, o third sres respossive to tomes amd %o eleotricel stime
ulation of the bomy spirel was described, oueupying the ventral extremily of the
suterior ectosylvien gyrus. It was fouad bilaterslly ¥» electricsl stimulation,
bat only uwnilstersily to tomal stimmistion.

Severing the modlolus sbolished the responsss o electrieal stizsuletion,
and intracranisl seotion of the Sth nerve sbolished the respomses to tomes.

Ablation of the doreal and vemtral sreae 8id not affect the responses.
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Fif, 1 «= fpresl snd ventyral arese in the scouetice
gartex of the dog in which Ipemlizetion

to audls fregquencies wan demonstrated.

FIG., § - Dorsel smd ventrsl areas for frequencies
designnted ald upper rigat.. Bight nertesm;
loudspesker 0.T5 msiar from left sarp vight
eochlies &salﬂ:@m. Only 28 soceasionsl re-
smaw from the sylvien gyrus. ATG, anterior
ectosylivian gyrue; MEC middle mmw}‘iﬂm myTue;

FRG, posterior ectosyivisn gyrus.
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FiG. 3 =~ Ares of the dog cortex from which initially
asgative responsec wers wost consistently

obtained.

P16, b -~ Left cortex. Left coshlear syirsl stimuloted
at the ventral poiante of the aplenl, middle
snd bose) turas. Eo respomses from the

sylvian gyrus.
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Fif. 5 «- Maximuw respoBsss sbteined from the wsrious
erese illustratad in Pilgure 2 5 endie fre-
guotey stimalation. Left columm: doreal mres.
Right eslumm; ventrsl sres. The siecrapbonic
reoord of the ssund ie given below the carticsl
rasponse except for WODQ, 2000, 16,000 of the
doreal sres smd 200, 16,000 of the ventrel erems,
for which the cerbon microphome wae laseneltive
particulerly nt low intensidles. Timer €0 ope.
fmplitude: hOU mlerovelts (for responses only).

Towawerd defleetion: ewrfsce poslitive.
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Fid. 6 == The loention of the responeive sres on

in dotted lins. %he sztsat of sbla-
tiom of the acoustic cortex whiech did
not affect tha regponses is represent-

¢d by vertical lines,






¥1G, 7 == ZHesponsss sbisined in experiment of figurs
& to sowméd stisulation. Mierephomic responses
delow for 800, 2000 =ad UOOU ops. Downwerd

deflection: asurfece posttive,
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F16. 8 =~ Loentlon of the.regpomsive ares to slectdieal
stimnlation of locsl reglons of the bony
spirel as related to the responsive foel of
the middle e@tgqlﬁ\aﬁ gyrue sné the apiosl
region of the previously designsted ?utni

ares.
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?1G. 9 -~ Upper record of sneh pelr obisined fFow respeo-
tive focue on the -&is&ha' estosylvian gyrus ia
Flgurs 8. Lover regord of ench peir from the
erer ont ths ventral sxtremity of the smterior

ectosylvien gyrus.

FIG. 10 == Bxp. 7/3/W%. Similar records from ipsilsteral

slde.
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P18, 11 ~- ¥xp. 7/17/84. Keoords from respousive ares %o
eleatricsl ebimuletion of the xplesl turn befors

snd sfter severiag the mediolus.

P10, 12 -« Exp. 8/6/ul, #ecerd from aroa to stimuladion
with & {roguency of 2000 cps. uefore and efter

geetion of the Z%h merve Intras-crzmislly.
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