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For oigmloting tho throcheld phomordinon em Op, Amp(l)
S0 ucof with cacrdng rooiotorn for Taltifo inputo. Tho 5.7V
Eonor(5,) ot tho roneinvorting input of tho Op=Aop(I) indfectoo
tho throchold wltose. For tho purposs of illuctrating tho ol
or nonelcy o rucdoro of fuputo ave commostod ot the invorting
point of tho Op=Amp(I). Uhon ¢ho cumming point voltage 10 Yooo
thr_m tho throohell voltapo, Giede Bi blooko the nopntivwe plcoo
ot the output of the Op. Amp{l). Tho output of Op=-Aop(I) ie
gannootod €0 o Domostadlo altivimrator wvith on dntograting
| eapcodtenoo 61 The output of the mmatabxo wultivitrator 40
difforontiotod by Op-tup(Ii). The ﬁimﬁ conptent C.R, coounto
for tho rofyeotory poried.

Tho modols oarpgectod by the vordouo vorkoro oom Bo
oloooifiod unior tuvp setegoricnd
(1)  Usdols cindesting the rorbranc peranoctero oad the
oadeeRe potenticd lovelo,
(2) D8clo aimaksm & wobrano choecoteriotios,

Tho modolo of Hodeldn cné Fuxloyf 4,5), Lowio[4] and
G, Ro3f 12] cory uwmior thy firot estorory. Tho goct of tha rodoln
ooro undor tho coesrd cotosory. In tho firot fm of mnéolo,
tho offcot of voriono wodo)l poronctor individuolly or collcow
tivoly ocn bo coon on the individusl coetiono or on tho ovor
oll cadols Toro mm*y pararator ropmbcn‘#a cora oguivaiond
pawcootor of phyoiologicol oyoton ond tho todol poredotor
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values are in proportion %o them only. In ths second type of
uodels, the characteristica of the physiological systse are
simulated and there 56 mo goncern with the individual element
of ihc Nodel to the actual syntem paraneters,
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AT FROFOGT™ FIONATED

0D, OF TR

hio ehoptoe dollo wth mn olootronie cadol of ncurcl
oyotea vhich heo Toon dovolopad by tho cuthor, Duoboz of |
oloetronic rodo)o hovo Boca dovoloped dn tho poot vhich hno .
clcy beom roviowod dn tho ocrlior ohapiory but tho p?emnﬁ
rfol hao come diotinst cdveabervo omd plvoo on cecurato
fonetiscncl ‘ro'pmudﬁﬁaﬁion of ttml soural oyotonm cotivitiosn.

Pord pointo in fowur of thio rpdol oros

(1) Idnoor 100 havo bocn uwocd ¢ hemdlo tho phyolologiecl
Gata 0f nowren roro comvomicatly cnd cocuratolys Fhoy alcos givo
oicnlo usﬁhd:ziﬁﬁi&ai rolotionohip Botuacn Anput-outpud at vordouo
oS00, |
(11) ©ho I10'o oro ucod in ceomoniect way vdich hao foclliftatod
in <tho dovolopacat of o roliodlo, ecompeot, inarponcive caded of
BCOROR
{451) 9Oh&o rodod fndludoo il ¢ho ioportont oloetrieccl cmcsé-
topdotico of catusl ncurom. FH2 orcorndotion cad cdoytaticn
phonoronon of tho nouvon havo oleo beon dncluvfod.

(iv) /o thio opddl 45 coupoed cnd inomponcivo, cémal cuoh
Syro of CoGclo acs DO upod to otudy tho dntorconmoetion arong |

BOUrono, .
(v) Sho ehcaroo 8n vorlouo clestricsi eharcotorictico



at ovory otore eca To oboozvad oicultctcondly by putting
tho ooclllocoonoo of tho pﬁﬁmn of intopoot. It 40 pao0ille
to dotorino ¢he of€eat of PP cnd IDOP mm%a!.o, ntrom
coXiulor cnd omtresolinlar potontialo ot overy point, Lirin,

~ pattorn of mouron vAChH cnd AShont cocorvAntion cnd cdaptation,
intorcation botvocn fncondns cal poctoymantic potonticlo cmd
cor othoy intorocting chorcolovistico, ’

4.2

~ Fhe block dicrpen of ¢ho codal that incorporntoo ol

2o froostent foaturoo of o eptucl nowron 40 chevn in Fig.(20).
It hno czeitotory ond inhibitory inputon, eoll tsldy, czon=-hillosh
ond coone 2ho ozedtotory cmd dnbiditery inputt cro gomeratcd by
profecinn pooitivo onld nopotivo éulmn of lmovn vidth ond
éuration dy ﬁiffomﬁg%m cfwonito, B0 coll o8y 40 rOEOCORe
ted by ﬁaﬁe@qﬁw, holf-rrova rootifioy, "eﬂog)ﬂw throchold
roto 28 o coporntcy. Sho onca-hillocl 40 radelded by o
r3re0tabla Vmgiﬁw::%r, digfoprontiotor md pulco-otrotehor,
e cron 20 yoprocontod by o wdsmmmﬁﬁmiﬁmeo combinntional -
treacrincion xmci, §hdo cmon-cnclon 13n0 40 trirorcd by o
cuitelh Chwourh conoctoblo cultivibrator ao3 ponernlos cotien
potontiodl thfeh Srovolo down nlens tho 14no,

Cho ¢ino gsnotemt of tho inﬁamdtos roproceato tho |
roohere 64 aceotont. It 40 vounlly of $he ovlor 0f 9 rfllie
ccoond, TR0 geeoraCabion ond cﬂcptation vhcnoz:cncn’ {8 oimlantod
by tho NoLL vavo pootifior cnf o cdortivo theoohksdd rato,. Bbo
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4.3

2 -

rolotivo rofroetory poriod 4o Jorlded by tho tico eonotomt of
tho. cdantive throcodd cote. Tho outpio of tho intorrator
end tho ofiaptivo throcheld pato oro conpared by o cooparator,
2he ontput of tho cooparntor 10 cbmucﬁcﬂ %o o conootoblo

ol tiviteotor wvhdeh tvigroro only vicon odl tho eorditions oro
ooticfiod 4n tho 6011 body wnito, Tho $4ro conctent of tho
ronootablo mltivibrotor dcoldon tho abcamté rofrcotory
poriod of nouron roficl. Tho output pulco of tho rultividrotor
cerorator the cotion potonticl throush difforontintor ond
pulco Ohaner vhieh ¢rovole &ovn on the cvon anclor.

Tho dotoiled cleétmn&c ciroudt 53’ tho nouron codcl
10 caovn 4n Pig 29, Fho inputo to tho rodcl ore oloctriccl
pulcoo, Tho oxoitstory inputs cre givon in tho form of
pooitive potonticd pulcoo ond Inhiditory imputo oro in tho
forn of nogativo potontinl prlcooo, In tho radal, fivo EPEP
inpnto ~rd Swo I?S&’ frruto gro ueccd. Tho chorp polcoo of
pooitivo tmd nepativo nature oro gmem%a& by o L€ difforon-
tiantor. Tho diedo in PSP input lino cllowo omdy paoitive
pulco 1 paos towardo eoll tody cmaleg cnd tho m{gnﬁﬁm pul oo
ic blosked ani mmﬂéﬁ throurh pocioctorcc. The diode in IPSP
input 1420 dlocko tho pooitivo pulcoe ond 'nilown only norotivo
pulco €0 0011 body randoen. Sho Gifferontictor tiro conotomd
10 tolon oo 1 mdiifccoond by colcoting the rociotorde of 0 B
Oho cod ennceitonco O.1pl, The §2204 dlodo 1o ucad for bloching



ol

or paseing tho pulcoo eorrocpondine to DPP and IPSP inputo

in both tho modoo, Yo dondrito @iotcneco cad loaptho axe
roproconfod by tho eodiotconeon, A vorichbic roeioctrmoo of 10 R
Oh=o io0 uged vhich oca Bo edjuoted. %o oiniruc valuo indieatoo
that $ho Gomdrito corrant o vory noor to ¢oll Tody cnd camirua
valuo of procynaptic potontinl 4o contributod to Cho ecll body
malos fntut, I%0 oowime volwo ﬁ#ﬁicaton that tho dondrii’:o‘
corcon® 40 ot tho oy root &iotcneo fron 601l body cod minmican
volueo of maynayﬁio potonticl 4o contributod. Al) thoco &nputo
aro cfdod up ot 2 ybant Tat omd plvon to tho intorrator unit of
eoll tody. Phe potontinl ot point *A' 4o tho curmation of ol
PP md P62 fnpute, The voluo of thic cammod up potonticl ic
rooponoiblo for tho further c,uuanulin tho m::t otares of tho
oycton. Zho parcllo) cocbinotion of rooiotones eopoeitoneo in
tho foodbook path of intorrotor providoo Cho rorbeeae $1co
conatant, A typlecd volue of 30 millicoeond uoing 980 K Ohoo
rooiotrnce ond 0.9 pf eapesitones fo tolon for ¢hio rodol, Pho
other sopociteacen aF cnd 0P ar& clco providced for potting
cotd othor volueo of morbrenc $4mo comotcnt for otudy PUrpssdCs
Tor moro critienl cucminotion noms othar eopacitcornee oné voolotaneo
cocdinntions ern to Sncorporatod in tho vogol, The output of tho
intorator 46 tho-anvertca potontinl of point *a%, Tho output of
the indc rotor 80 piven to holf cove reetifier unit ond a?.cp e
tho ecomp-eotor tnid, $ho hAlE vave roetifior 40 vcod for cottingy
the gecorsldation phonomonon, Tho output ot thoe point *BY o
obcorvad onmly for LPIP inputo cnd not for IPOP dnrnto, Juot 1iro
tho cetund ncurod. Uhcn t$horo 40 pooitivo potonticl ob ¢he ougput



ol

of intorrator (4.0 Tho IPOP &nputo aro oore thon DPOP inputo),
tho morntiveo potcaticd 1o obcopvod at point 0 6f holf reeticior
vhich eondueto @ieldo Dy ond dooo not cllow to confvot diodo D,
becencoy ito rovorced diasinn, Tho outpnt 40 not avnilableo ot
point D 4n ¢hio eacog So tho nont otarco of cdaptivo throohold
cote dcoo not work, Uhonm tho nogativo potontinl io Obuervcﬂv ot
the output of intorrator (1»@..%‘: EPSP potonticlo aro corc than
TPGP potonticlo) end tho pooitive potonticl §6 oboorvod ot

point O vhieh eonqueto dlode D, oné rovoroo biacos diodo Dgs How
outpud ic obeorvod ot point 'B* vhich is Lod to cdoptive theoow
bold roto. Tho output of tho moetifior o comnoetod ob point *Cf
to throohold gate. The throchold 4o provided by giving o »ﬂxma .
pooitiw potontisl nt tho ,nqnwiamtim input tcroincl of IC by
uaaﬁgg o potonticl Gividor. Thio throohold eon Bo cdjuoted by
chenging tho pdﬁcn‘&ial dividor ocotting. Sho parcllol coobdination
of tho mai_o@cz!ed eopesitenco 4n tho focdbesl poth of the ¢hroce
hold rotc docides ¢ho rolotive pofrastory perded. A typiecl

voduo o2 10 rdllgcceond 40 tcrom in thio medcl. Tho copesitonse
of 4 p? ond 10 pP ogo olco chowd in parcllcl o thio cosbination
vhich ¢ca bo connoatod by o cviteh in plceo of eapoeitonce . ipl
for oUSina, ehe valuco of ralativo yofycetory poriod oo 100m coe.
and 1 000, Uhon ¢horo 10 no output at poind *DY.of half wavo
roctifior, tho £izof potenticl of point *C* 4uo to potonticd
aividor cerongoront 2o oboczved ot tho gutput of throohold rato
ond 4% Q200 not cdnpt to cay ehonco. Uhen on outpat 40 obcorved
ot point °BY, that potenticd af point *D* ip cdéod up with D



oSl

potonticl of point "¢ and o vorying output corroarondin”

to ehennoo ot ‘DY 410 odeorved ot the éue'pm of claptive
throokold cato thot meono 4t ndopto to tho ehannon, It
incroncao the throohoeld of the copparator for into-rator
outpat, ’2&5 outputo cfthe fnterrator cmd tho thmotzoid rato
arc continuoucly escpored by ﬁm IC eomparator uﬁm. tthon

tho total oun of tho inputo (EPSP'p and 1P5P'o) Lo covo then
tho throshold volue of tho pouren, tho output 0% tha 1nts::mta#
unit esnrocted ot topminal *DY of eumporator boeocns rore thon
tho throchold unit output corncoted ot point *OY cnd tho outpud
of tho comparator chgoo ot point 1 froo pooitivo woluo 0
norative veluo vhieh triggorc oonootablo rultivibrator. The
ponogtable rultivibrotor io comnocted anftor comparstor ond tho
tico pordod of thic multividroter for 220X Ohmo rocictoneo cnd
01 ul? ooocoitenes 40 oqual 0 tho nbooluto rofracstery porioed
of tho ool wvhich &0 token § méllicocond in thic msdol, The
copesiSoneo of o p” om@ 1 pP ore comnootcd horo o cot tho
othor combinationo of cbepluto rofroctory m;riaﬂ. ‘;‘mnbistnr
?, 10 norrolly ‘eff' ond T, norcally ‘on'. Tho tronoioter %
10 ucad oo o oviteh vhon tho rultividrotor 10 in root stato
and no eommomd oirmal 10 canin{j frono tho caxncr otaco.‘ the
oviteh Stremolotoer ‘23 rorainc off oving to pooitive dlasing

ot 4to baoco, The baening So cQjvoted ot 4to daco by woing

the potcaticl Qivider mmnmﬁ' an chowa in fipuxe (29)
“hon ¢he ltivibeator shearoo 4t0 otato on coczng fron tho
coll-body canles ¢hO base of ‘23 boesorao gufficiont nosatiso

CETTTRAL LIBRRPY UNIVERSHY OF ROGRAET
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'eo drivo ¢hio trcnoiotor in fully ooturation ctoto. Dov *1‘3
oortho $ho point '3?7” of tho cwon cnoler copaoitivo-rooiotsvo
notwork, Uernelly ¢80 point P'o aro ot cocs merative potertial
(in tho r280l ot « 90 Volto) wiieh rorroconto 10 otocdy otete
congition of tho norvo £ibwo. Uhen ovitch 7g 0ortho Pg, cll tho
caracitcnecy 4icehom-oo theovsh thic poturatod Sromoistor ol
opilo potiential 1o prodveocd @t tho point, Tho arplitude of thio
petion potenticl 1o comirum ot point P, ond niniran ot tho loot,
Ao tho opilo ot P, 10 ohorp oo comnorod to opiltoo ot othep
pointo 1alor on tho onslorn 1inc.

4e4

7ho cloctronic cirouit ohown in P4C.29 wan febricoted
and tootod for tho voriouo oloctrieal ohoreotoriotics of nouron
oo dicenoced bolow,

(1) %hopo 10 o povticnicy ¢hrochold yoiue £or con 4nput to
ecuso oncitation. hem tho output oirnad cieocdo thic theothold
- vcluo, tho ootionwpotonticl output 10 oboorved. Zoblo=1 ohouo
tho emidtude of ¢ho ontput rooponco for @ifforcnt voluco of
ho ooon dnput (obeoevod of y}a&‘m 1) fopr voriovd volvos of
throcold néetmf;o'

(11) Sho offoct of cocoradotion cod clcpSation of the modol
hag Bbocn obeoprved 4n €ho maddl. thom tho total voluo of EPE
rotenticio 40 coro Shen totodl IPLR potemticlo cnd tho gucznd |
notenticd ot point DY in tho rodd 4o ncpgotivo 4,0, correoponding
$o czodtabion obato, the potonticl of point *BY changod tho voluo



«55m

o2 Sho oultmut of cioptivo theoohsld otato oftor oo Hm
(vhioh 40 requirod for cdoptatieon) ond tho unit otoppod

- pivine cotlon potcrSacl. So, tho outpat cotion potentdal 4o
aveilohlo omly upto tho poried for valeh tho cecoradation

unit 0l R0 odepiivo throcheld gote tolos to cdfuot te thio
rov vcito. Aftce 940 porio@ tho pulco pomorotor otops riving
cny catret pulco. I8 40 Juot € oaro oo that 4n cotunl novron,
?hic cAaptotion tiro oon bo eapceitonco coobination in tho
focdbosl poth of tho ﬁhrc»nlzoia goto, It vill olco ehonpo
rolativo sefractory poriod of tho rodol, o

(441) Zho cutput frogquoney of tho nourcn rpdel for tho covordl
valuoo of tho input otrnalo cica $hoy aro applicd Juct Boforo
tho cultivibrator ot podnt *7' 40 chown in FiE.50. This 10 the
otondy otato froquercy rooponco of the mdcl prodvesd by otocdy
d.c irzuat dn tho ohooneo of coesrodntion cné cdootation propor-
ti00, I€ Sho amumﬂhﬁ&m unit cpd cAcptivo throeohold gézi:é io
dlco conncoted 48 tho eireudd, thon tho cutput 40 obcorved orly
to $ho €405 whieh thoco unido talwo %o cdopt to $hic mew wolwo.
ror Chio adontoticn timo, ¢ho roforonao input of ¢he eeoporclor
of podnt D' docomao roro thom ¢ho input of point *DY and tho
outpiit 0f tho comprratir wnit ot point *IT chenroo from nosativwo
valuo €9 pooitito volue amd ¢ho ronootoblo cmltividrator otops
roopordin~ to dnput cirnolo, Thio cdaptation $iro ineroccoo by
irorocoin, tho eomnollcneo voluc in p:mcllel vith rociotcneo An
$ho foodbesl path of cdopbivo Shroohold (oSO
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(49)  Vrrfouno oscdinntiono of ¢ho DPOP emd IPR ¢ypo of
inputc hoovo becn Cootedl on Cho mdol. 29 £0 obooreysd ¢hat
vaza tho cun of ¢ho total valuo of tho 4nmpato bBosoroo roro
Chea Chio Shivoelod, ¢nly ob thot tico $he ncurea 200l rivoc
coticn [otcaticdos JUcbleI chowo $ho bekaviour of $ho rodod
for Q8C%ozcat thwothnld valuod,

(v) i=mporincatcl oboorvotions chowdng fho rofrcatory poriod
phonercoon oxo chowa 4n Todlio I;_ Thic wnﬁmao data 4o for o
inpat [Udco of esnotcnt amplitude (97), AQuratien (570) cnd of
vorichlc Sroquoncy wideh 10 appiicd ot tho input of mouroa,
Tho outpul oirnol 16 oboorved only upto tho tirs vhich oaticfios
the coniition for ohboolute vofeoetosy porfod. Zoblo 11 chouo
tho gooponco for cn booluto yofrnetory porlod of ¢ 1 pee,
thon ¢ho Ceoquoney tmmaab $ho 18mi ¢, tho cutpat cetion
potcntinl 45 not obocrvod. Tho tooto YeRO olco aeaduetod Loy
tho othor valuco of abroluto yofyestory porio? Ly 4reroncis?
tho valvo of enpaaatcéwo o£ <{h2 conootobic cultivibzotor
cirouis, Incroncy in onbroolutc rofractory poried Gcoroncoo ¢80
fmmmy» 2oapo 6% pouren A0l crd the oodcl besorso cdleu
i.0. 4% rorzocento ¢ netucl clovw rocponding nouron.

A1 tho ozporivental roculto of this rolol oro oimiloy
to thoce vhieh how toon oboorvod by vony CeBontioto ond bio-
-onrinocrs 0B cotucl nouron. I¢ $o5 poociblo to cicdoto tho
chareatorlotico of Oho faot ©odium cad clov rooponding mowrend
by thio alal,
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“ho cleetecnic rolol Qicoussod 40 o wory ceavoniond
oo O otudyin $00 sovoral olootyiccdl charoetoriotien
of 10 potual pouron, It 10 poonidle ¢o otudy tho offoot of
aceh Avcdividunl powocator, wvileh 4o emiamn Lo oo part
of cotucl neuron, OF Comd cub-costion of th rodol or on
ovorcil nonron todd) porforocaec. Sovorol ouch type of modolo
aftor intoreommcotion con bo uood to otudy tho bohaviowr of
intormonrenn, Thio wadol proven o bo o vory gocd cid to
bloon iracrs cnd nourow-phyniolorioto for orplaining cnd

otudyin~ o varicno fmportiont fumstionnl chorcetoriotico of

tho pcuren, A wory cloar eoneopt obout $ho oleetriccl chorco-
toptotico of tho mouron will holp in tho digrmootic purpecoo. |
If it beesvoe poonibdieo to csnctruct o v:Sry coll ni&iwotmicturo
rodol, Chon it vﬁl'bov o vory cood roploccmont of $ho nourcn
vhieh oo ctoppod fumetioninsg 4n cor port of tho body. 1.

may ©o holpful in tho trootront of cor? porolyolo entoo wiworo
only o 0oall gogneat hoo otepped vorkinn cnd boeoucs of thot
co= cnjor part of taQy bao ctopped Lunctioning co tho fnfomw
mation £r00 tho brofn to thot povs or viccevorsa 40 pot flowins,
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In ¢hio Qiocoriotion, tho potund mournl oyoton 1o
criticclly mmalycod for cotting tho uooful dato for dovoloping
the conpclk oyotom £2@ol, Tho cxioting r3dols hovo Bocn
roviouad, Alco, o ROy rodel of mouronm hoo becn dovoloped
which fncorporatoo sll tho importont oleotrical charastori-
gtico of em;‘ aotucl -noﬁxon. Thio moddl hoo boon pueccoofully
Zobriactolt ond toctod.

Ea tho furthor vork, t9re Qotollo con B0 fncorporaicd

in tho aoaarito oyoton ond 4n tho crom oyston, bosh of f.haccr
oy B0 conoidored eithor nyoiinntod or unnyolinatold £fibroo.

A Qotollod cnolyoic of $ho cotunl nourcl oybton ond oonso-
quently o cove omest clootricsl omalogous roproccatotion could
bo donv. Afox mtox‘mrsoom.w covorcl cuch typc of siourcl

anclorous rodels, tho eondinod bohaviotr of the ovorall oystc::
ecn TO otudicd in Aobofl.
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